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Abstract: Because of their superior effects in optics and electronics, “Quantum dots” (QDs) have
many applications in biomedical imaging, optoelectronics, photovoltaics and catalysis [1]. The
synthesis of QDs significantly influences their size, shape, monodispersity, and functional
performance, necessitating a comparative evaluation of different synthetic methodologies [2]. This
review aims to provide comprehensive comparative analysis of the two primary synthesis
approaches: bottom-up and top-down. Bottom-up methods, like colloidal, solvothermal, microwave-
assisted, and green synthesis, enable us to have precise control over QD characteristics along with
high quantum yields but often involve toxicity concerns and scalability limitations [3]. In contrast,
top-down techniques like including lithography, laser ablation, and ball milling promise high-purity
QDs with excellent crystallinity but suffer from high costs and energy consumption, limiting their
large-scale availability [4]. A comparative analysis of various QDs synthesis methods showed that no
single technique is universally superior; but the selection of the synthetic method depends on the
focused applications of Nanocrystals [2]. For biomedical applications, non-toxic and biocompatible
QDs synthesized through green methods are preferred, whereas high-performance optoelectronic
applications benefit from monodisperse QDs synthesized via colloidal or solvothermal approaches
[5]. Despite many significant advancements in synthetic methods of QDs, challenges remain in
controlling toxicity, production scalability, and cost-effectiveness[4]. By integrating hybrid synthetic
strategies of both bottom-up and top-down methods, advancements can be made to achieve a
designed biodegradable, nontoxic QDs [6]. Overcoming these issues is key to increasing the use of
QDs in industry and science, so they can be used reliably and widely throughout future
nanotechnology.

Keywords: “quantum dots” (QDs); colloidal synthesis; hydrothermal; microwave-assisted;
solvothermal; green synthesis; bottom-up approach

Introduction

What Are “Quantum Dots”?

“Quantum dots” (QDs) are such nanoscale semiconductor particles which, due to their quantum
confinement effects, show unique optical and electronic properties [7]. QDs typically range between
1 to 10 nm in size, this type of nanomaterials which display size-dependent photoluminescence, with
their emission wavelength acts and shift as a function of their dimensions [8]. Obviously, QDs possess
discrete energy levels, which results in improved properties, such as high fluorescence efficiency,
tunable bandgaps, and extra ordinary stability under different environmental conditions [1].

“Quantum dots” are having versatile applications in various fields which promise their
significance in nanotechnology [9]. Now a days, quantum dot displays (QLEDs), photovoltaic cells,
and lasers widely use QDs [10] because of their greater brightness and energy efficiency [11]. In
biomedical sciences, they act as fluorescent markers aiding bioimaging along with drug delivery
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systems, [12] proving more advantageous as compared to conventional dyes due to their higher
photostability and tunability [12]. Furthermore, there are numerous applications of QDs including
environmental monitoring, catalysis, and quantum computing, making them an essential class of
nanomaterials for present scientific research [13].

Why Is Synthesis Important?

Synthetic methods of “Quantum dots” always play important role in understanding and
determining their size, shape, crystallinity, surface chemistry, and overall stability, which affect
their optical and electronic properties directly [14]. As we know that QDs' photoluminescence and
electronic behavior of QDs are size-dependent, precise control of their synthesis is crucial to optimize
the functionality for their specific applications [15].

Size and Shape Control:

Emitted radiation wavelength can be controlled by the synthesis of various sized QDs [16]. As
per dependent upon their size, smaller QDs show blue shifted emissions as compared to larger QDs
showing red shifted emissions [17]. The interaction of light with the QDs depends upon their size
and shape like spherical shaped have different properties than rod-shaped QDs. They can be tuned
by using their shape and size [18].

Optical Properties:

The synthesis method decides fluorescence quantum yield, absorption spectrum, and photo-
stability of “Quantum dots” [19]. Bioimaging and LED technology require QDs that have small
emission bands, are bright and remain stable for a long time. [20].

Surface Chemistry:

The QDs are functionalized with ligands and stabilizers during synthesis to affect their
solubility, biocompatibility, and ability of forming hybrid nanostructures [21]. To meet the
biomedical applications, surface modifications are very crucial applications, Water dispersible and
Non-Toxic[22] .

Stability and Scalability:

According to the Synthetic method, QDs should be reliably stable under many terms in addition,
pH, temperature and possible exposures to solvents [23]. Furthermore, scalable and cost-effective
synthesis methods are necessary for industrial applications of QDs, to ensure large-scale production
without compromising the quality [24].

Toxicity and Environmental Concerns:

Conventional QDs may contain toxic heavy metals like cadmium, which raise concerns about
their environmental and biological impacts [25]. The development of eco-friendly and heavy-metal-
free QDs through novel synthesis techniques is an active area of research.

Objective of the Review

The main purpose of this review is to closely compare different ways to synthesize QDs,
showing the benefits, drawbacks and uses of each technique. Essentially, constructing QDs involves
two routes: bottom-up methods centered on colloidal, hydrothermal and green methods and top-
down processes that rely on lithography, laser ablation and electrochemistry [26]. With these
approaches, this review seeks to answer the following questions:

e  Explaining the main ideas behind every synthetic approach.
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e  Observation of several synthetic methods by taking factors such as size control, mono-dispersity,
yield, cost and environmental aspects into account.

e Anexplanation of modern direction in QD preparation along with the new methods inspired by
green chemistry.

e  Highlighting the problems in QD research and what future work could involve. Pointing out the
challenges in the field and potential future directions for QD synthesis research.
With a thorough comparison of these synthetic methodologies discussed below, this review

seeks to help researchers in choosing the most appropriate synthesis method for aiming specific
applications of QDs, thereby promoting progress in QD-related technologies and innovations.

Classification of “Quantum Dots”

Quantum dots (QDs) vary depending on their composition, form, synthesis method and use,
showing their wide uses in optoelectronics and biology. Here, schemes are examined using several
illustrative cases [27].

Based upon Composition

II-VI semiconductor QDs: Classic chalcogenide QDs made from elements in groups Il and VI,
for example CdSe, CdTe, CdS and ZnS [28]. These materials can be sized to have narrow or wide
bandgaps and are very bright which allows them to emit any color. Since many II-VI QDs are
photoluminescent but contain toxic heavy metal salts, people are now seeking alternative materials
that do not include them [28].

ITI-V semiconductor QDs: Cadmium-free QDs made from InP, InAs and GaAs or group III-V
compounds, have direct bandgaps and large Bohr radii [29]. The emission efficiency of these dots lies
in the same range as II-VI dots containing a lot of Cd [29]. For example, lots of research has been
done on InP QDs for their use in “safe” displays and imaging.

Group IV QDs (Si, Ge): Elemental silicon and Germanium quantum dots are completely safe
for use. They complement current silicon-based technology, yet since they have an indirect bandgap,
their photoluminescence is weak unless designed to be strengthened [30]. Such QDs are being
investigated for applications in steady photonics and use in batteries or sensors [30].

Ternary/Quaternary QDs (I-III-VI): Copper Indium sulfide and Aglndium sulfide
nanocrystals are heavy metal-free. The broad emission and long lives of these dots make them helpful
in solar power and biochemical labeling [31]. The energy range that separates electrical from
nonelectrical states is set by mixing various semiconductors [31].

Carbon-based QDs: Carbon dots and graphene QDs are small groups of carbon (frequently <10
nm in size). They contain no metal and are very compatible with living tissue [32]. Surface functional
groups and graphitic domains cause blue/green emission, making them suitable for use in
bioimaging, sensing and photocatalysis [32].

Perovskite QDs: Nanocrystals made from halide perovskites such as CsPbXs stand out as a
special group. They demonstrate very efficient PL (up to 10%) and tight emission lines [33]. Halide
makeup is adjusted to select the color and the defects in the perovskite crystal structure provide
bright and lasting illumination [33]. Though perovskite QDs are advancing display technologies
(wide color gamut LEDs), they must be carefully passivated on their surface [33].

Based upon Structure

Core QDs: Thickness-adjusted single-material dots are created from one type of material that is
the same throughout. Quantum confinement within the nanocrystal controls the bandgap [34]. While
it is simple to produce core QDs, they still pick up an electrical charge on their surface without the
addition of ligands [34].
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Core-Shell QDs: One type of semiconductor is used as a shell around another such as a ZnS
shell covering a CdSe core. With the shell protecting the core, surface traps are neutralized, carriers
are enclosed and both quantum yield and stability are strongly increased [34]. In multi-shell
architectures (for example, CdSe/CdS/ZnS), layers between the semiconductors lessen the misfit in
the lattice as well as keep the band offsets wide [34].

Doped QDs: Adding impurity ions into the dots allows for the use of new methods of emission.
When doped with Mn?*, ZnS QDs generate strongly orange light from the Mn-d orbitals, besides the
light emitted by the host [35]. When transition metal or rare-earth ions are introduced, doped QDs
acquire magnetism or more fluorescence peaks which make them suitable for magnetic and
fluorescent imaging [35].

Alloyed QDs: All of these seem to have the same composition such as CdS,Se;— with 0 to 1
moles of each. Change in alloy fraction alters the bandgap, without affecting the crystal’s dimensions
[36]. That's why alloyed QDs can be adjusted to emit light anywhere between the two parent
compounds, allowing for white light emission or covering many wavelengths [36].

Hetero-structured/Multicomponent QDs: Apps that are organized using graded, layered or
branched structures are included in this class. Staggered alignment between the type-II core/shell
QDs leads to electron and hole separation [37]. Distributing charges in multi-shell designs or
quantum well QDs helps decrease Auger recombination. Advanced tasks (such as splitting charge
and emitting over a wide range of light wavelengths) are achieved in heterostructures, more so than
in simple core/shell dots [37].

Synthetic Methods of “Quantum Dots”

Many different methods are used to produce “Quantum dots” which generally fall into bottom-
up or top-down approaches [38]. Bottom-up techniques are called chemical synthetic methods and
help you control the specific size and arrangement of the nanostructures [39]. Physical or mechanical
methods called top-down techniques break down bulk materials into nanoscale bits [40]. The
following is a comprehensive comparative analysis of these methods.

Bottom-Up Approaches (Chemical Synthesis)

Colloidal synthesis and hydrothermal methods are used in bottom-up techniques that give us
outstanding control over QDs, so they are suitable for use in optoelectronics and biomedicine [41].
These synthesis methods focus on building QDs from molecular or atomic precursors through
managed chemical reactions [42]. Because these methods give such precise management of the
particles’ size, shape and structure, their optical and electronic properties are highly customizable
[43]. Typical bottom-up methods include the following.

Colloidal Synthesis

To produce high quality mono-disperse Nanoparticles with tunable optical properties, colloidal
synthesis method for QDs synthesis is widely preferred [43]. Precursors, stabilizers and surfactants
are required in the solution for the development of “Quantum dots” [44]. Influencing temperature,
precursor quantity and reaction duration determines the properties the QDs will obtain [45].

e  Principle and Mechanism: This method relies on adding QD precursors over a nucleation liquid
to trigger the growth of QDs. You can achieve an accurate size of QDs by carefully managing
temperature, the amount of precursors and the amount of time allocated to the reaction. The
procedure results in size-related behavior of light particles. [46].

e Key Precursors and Solvents Used: Commonly, precursors are metal salts (such as CdCI2 and
Pb(NO3)2), various chalcogens (Se, S and Te) and organic surfactants like trioctylphosphine
oxide and oleic acid [47]. Common solvents for keeping colloidal dispersions stable are

octadecene and toluene which are not polar [48].
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e  Control of QD Size & Monodispersity: Common solvents for keeping colloidal dispersions
stable are octadecene and toluene which are not polar [49]. Rapid nucleation followed by slow
growth results in forming uniform particle sizes, with improved monodispersity and optical
performance of QDs.

e  Applications: Colloidal QDs are widely used in;

o  biomedical imaging (as fluorescent markers),
o light-emitting diodes (LEDs) (for display technologies),
o  solar cells (to enhance photovoltaic efficiency).

e Advantages and Disadvantages: Making QDs using the Colloidal method is simple, lets you

adjust the size, produces high efficiency and is easily reproduced. Most of the time, these

processes use harmful starting materials and very specific conditions must be used [50].

Solvothermal /Hydrothermal Synthesis

Solvothermal and hydrothermal techniques are solution-based synthetic techniques that are
conducted under high-temperature and pressure conditions which make possibility for the formation
of high-quality QDs. High temperature and high-pressure conditions are utilized in aqueous and
organic solvents respectively. It will facilitate the ger [51].

Solvent-Based High-Pressure Synthesis: Controlled nucleation and growth of QDs is achieved
by using metal precursors, which are dissolved in solvents and subjected to elevated temperatures
(100-300°C) in a sealed autoclave [52].

e  Temperature and Reaction Time Dependency: How large and well-structured QDs become

depends both on the reaction temperature and the duration chosen for the process. When the
temperature is higher, the crystalline quality improves and continuing the reaction over time
ensures all QDs grow uniformly [53].

e  Applications: This approach is followed when high purity and surface control are needed, often
found in perovskite solar cell applications and drug delivery [54].

e Pros and Cons: The solvothermal method provides high crystallinity and controlled

morphology of QDs; although it is energy intensive and need high pressure equipment [46].
P gy g 8y ghp quip [46]

Microwave Assisted Synthesis

This approach is followed when high purity and surface control are needed, often found in
perovskite solar cell applications and drug delivery [55].
e Rapid Heating and Controlled Nucleation: The unique heating mechanism of microwaves

allows for rapid, homogeneous heating. It decreases temperature gradients while ensuring
uniform QD growth [56].

e  Comparison with Traditional Methods: The process becomes more efficient and reproducible
for QDs when microwave-assisted synthesis is used rather than older heating methods.

e  Applications: Such materials are effective in biosensing fields (for example, for disease

detection) and in catalysis (including for caring for the environment).

Green Synthesis (Eco Friendly Methods)

e  Because of more attention on green products, people have created various biological and non-
toxic methods to produce QDs.
e  Exploiting Plant Extracts, Bacteria and Natural Biological Agents: Lots of natural materials are

used to greenly produce and maintain QDs.
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e  Sustainable Alternatives to Toxic Solvents: True Solutions offer water-based processes and
biodegradable stabilizers as healthy alternatives to normal organic solvents.
e Limitations and Scalability Issues: Synthesizing QDs using green methods often produces a

low yield. It is not easy to reproduce because of its narrow scalability which restricts its use.

Top-Down Approaches (Physical Methods)

Sophisticated equipment is needed for top-down methods and these methods are not as well
suited for making large quantities. Factors such as the purpose of the QDs, their price and the effects
on the environment drive the selection of a synthetic strategy for manufacturing QDs. The
development of green synthesis, as well as new manufacturing techniques, has driven many
progressions in QDs and supported the creation of sustainable and effective high-performance
advanced nanomaterials.

Lithography and Etching Methods
For the synthesis and fabrication of Semiconductor QDs with well-defined geometries and high

precision, Lithography and etching methods are widely applied.

e  Electron-beam lithography and ion-beam etching: To make the QDs ideal for optoelectronic
applications, high resolution techniques that allow the precise patterning of QDs on substrate
are Electron beam lithography and ion beam etching method.

e High Precision but High Cost: While methods offer excellent control over the QD size and

arrangement, they are expensive and require sophisticated instrumentation.

Laser Ablation and Electrochemical Synthesis

Laser ablation and electrochemical synthesis are effective techniques for directly producing
high-purity QDs from bulk materials. To produce high-purity “Quantum dots” from bulk materials
directly, Laser ablation and electrochemical synthesis are much effective techniques.

e  Production of “Quantum dots” from bulk materials: A high-energy laser beam is directly used

to fragment bulk materials into nanoscale particles, such method is termed as Laser Ablation.
Similarly, high voltage is applied to induce controlled “Quantum dots” to form solution
medium. Such medium is termed as Electrochemical Synthesis of QDs.

e  Advantages of Purity and Crystallinity: These methods give high-purity QDs with well-defined
crystallinity and minimal contamination, making synthesized QDs for high performance optical

and electronic applications.

Other Techniques (Mechanical Grinding, Ball Milling)

The other cost-effective techniques used for reducing bulk materials to the nanoscale are
mechanical techniques such as ball milling and grinding.
e  Ball Milling: Using high-speed ball mills to crush a large amount of substance into nanoscale

nanoparticles leads to an ongoing decrease in particle size.

e Limitations: Although it can be done at a low cost and in large quantities, these approaches lead
to QDs with mixed sizes and numerous defects. Problems with QD shape can influence both
their optical and electronic functions.

“Quantum dots” synthesis is rapidly evolving field and there are various techniques with their
several advantages and limitations.
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Comparative Analysis of Different Methods

To give a systematic evaluation of the methods used to synthesize the QD particles, a
comparative analysis of the methods is essential. Owing to the intended applications of the QDs, the
suitable synthesis method is chosen. Out of all the synthetic methods of QDs, Colloidal synthesis of
QDs remains the most versatile and widely used technique. It is due to its balance of cost, scalability,
and precise size control. Microwave-assisted and environmentally friendly methods are arising as
suitable replacements for typical ones, especially for medical and ecological uses of QDs. In addition,
lithography and laser ablation are the best tools for special, very accurate tasks that do not have
budget restrictions.

The key parameters for comparison include:

e  Size Control: It concerns the skill of perfectly controlling the shape of QDs.

e Monodispersity: Uniform distribution of particle size.

e  Yield: It is the quantitative efficiency of production of QDs.

e  Cost: To assess if each type of synthetic method is financially viable.

e  Environmental Impact: So that QDs produced synthetically are environmentally friendly.

e  Scalability: The possibility to make materials in large quantities.

Table 1. Showing Comparative Analysis of various parameters amongst QDs synthesized via several Methods.

Synthesis Size Mono- Yield Cost Environmental = Scalability
Method Control dispersity Impact

Colloidal Synthesis = Excellent High Moderate Moderate Moderate High
Solvothermal/ Good Moderate High Moderate Low Moderate
Hydrothermal

Microwave- Good High High Low Low Moderate
Assisted

Green Synthesis Moderate Moderate Low Low Very Low Low
Lithography & High Very High Low High High Very Low
Etching

Laser Ablation High High Moderate High Moderate Low

Ball Milling & Low Low High Low Moderate High
Mechanical
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Discussion on Optimal Methods for Different Applications

Biomedical Applications

Biomedical tasks such as delivering drugs, imaging the body and sensing biological activities
use colloidal synthesis and microwave-assisted synthesis as the preferred approach. Using these
methods, it's easy to make nanoparticles that are a consistent size and shape, so they can safely be
used inside the body. Attention is also growing for green synthesis because it doesn’t harm the
environment, despite the difficulties in scaling it up.

Optoelectronics

For applications in optoelectronics, including LEDs and solar cells, preparing materials by
colloidal and solvothermal or hydrothermal methods is most common. Since they can be customized,
have a good output and are moderately scalable, these techniques are well-suited for use in industry.
The high level of precision in these methods, lithography and etching, makes them unsuitable and
too costly for mass production.

Catalysis

Catalysts used in photocatalysis, and energy conversion are most often prepared using
solvothermal, hydrothermal and laser ablation methods. Using these methods, highly crystalline QDs
are produced, and they have enhanced catalytic function. Even though mechanical and ball milling
are convenient and cost little, they often create polydisperse and uneven-shaped QDs that are not
very efficient in catalysis.

Challenges and Future Perspectives

Challenges in Synthesis

Despite considerable advances in the synthesis of quantum points (QDS), there are several
challenges, which limit widespread application and industrial costs.

Toxicity Concerns

One important problem facing QDs made with heavy metals such as Cadmium (Cd), Lead (Pb)
and arsenic compounds, is their toxicity. [57]. These issues can result in serious environmental and
health problems because to their possibility to build up in living tissues and cause harm. [58]. The
introduction of metal ions in biological systems causes worry about damage to cells, increased stress
and the possibility of lasting contamination [59]. To overcome these difficulties, carbon-based QDs
and silicon QDs that do not cause harm and work just as well are needed [60].

Scalability Issues in Industrial Production

Many synthesis techniques, especially those that bring high quality QDs of precise size and
shape control, face scalability challenges. For example, colloidal synthesis and solvent methods
require careful control of reaction parameters, limiting reproducibility on a large scale [4]. The
stacked variations observed in these ways prevent direct translation into commercial production.
Furthermore, complex cleaning procedures such as ligand exchange and surface modification are
dissatisfied with large-scale production processes [61].

Cost Effectiveness and Reproducibility

How cost-effective QD is also a significant limit [62]. Lithography and laser ablation techniques
increase accuracy and purity but make high operational costs and energy-intensive properties
unrealistic in large-scale applications. Also, it is hard to guarantee that batches made by green and
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other biological processes will be reproducible. Variability in pioneer availability, reaction conditions,
and synthesis periods often lead to inconsistencies in QD properties that affect functional
performance in real applications [62].

Future Research Directions

Continuous research is aiming at new methods that improve the process and widen the use of
biocatalysts.

Emerging Green Synthesis Methods

By lowering both the use of toxic pioneers and hazardous solvents, environmentally friendly
synthetic practices are growing in popularity. Green synthetic methods with plant extracts,
microorganisms and biodegradable organic compounds provide a promising alternative [63]. This
system works well in biomedical and pharmaceutical fields because it saves the environment and
increases biocompatibility too. Still, better results are needed to enhance the yield, stability and useful
features of QDs produced with the green method [64].

Hybrid Synthetic Strategies Combining Both Bottom-Up and Top-Down Approaches

Future research can be improved by bringing together traditional synthesis methods with
contemporary physical manufacture techniques. Sometimes called a dual-approach, researchers
reach impressive QD properties by combing bottom-up techniques (e.g. colloid synthesis) with top-
down approaches (e.g. lithography and etching) [65]. Such hybrid strategies provide improved
uniformity, controlled surface functionalization, and scalability, providing a gap between laboratory
preparation production and industrial implementation [66].

Potential for Biodegradable and Non-Toxic “Quantum Dots”

Because of worries about safety and toxicity, scientists are starting to require QDs that are
beneficial to the environment [67]. Because of worries about safety and toxicity, scientists are starting
to require QDs that are beneficial to the environment [68]. In the future, researchers should
concentrate on creating applications for such materials, improving their quantum yields, expanding
sustainable energy, aiding in medical diagnostics and affecting the environment [69].

Conclusion

Scientists produce “Quantum dots” using different techniques over time aimed at controlling
their size and shape and their properties for various uses [13]. It presents a wide comparison of
techniques and synthetic approaches that measure their popularity, performance and effect on the
environment, as well as their use in research and industry.

Bottom-up approaches, such as colloidal synthesis [70], solvothermal synthesis [71], microwave-
assisted synthesis of QDs [72], and green synthesis of QDs [73], have demonstrated remarkable
control over QD size and mono-dispersity. Out of all methods for QDs synthesis, Colloidal synthesis
has emerged as a leading method due to its precise tunability, high quantum yield, and is applicable
in fields such as biomedical imaging, optoelectronics, and photovoltaics [4]. Still, the use of harmful
substances and solvents in this area leads to environmental and health problems, so Green chemistry
is being sought [74]. Green synthesis methods, in short, use nature to make things in an
environmentally friendly way, but it's hard to make a lot of product consistently [75].

It presents a wide comparison of techniques and synthetic approaches that measures their
popularity, performance and effect on the environment, as well as their use in research and industry
[38]. While these techniques provide superior crystallinity, their high costs and strong reliance on
energy stop most manufacturers from using them for large-scale work. Since nanodevice fabrication
and advanced electronics depend on extremely accurate processes, top-down techniques are not
easily replaced [76].
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A comprehensive comparative analysis of these methods shows that not only a single approach
is universally superior for QDs synthesis, but instead, the choice of synthetic technique depends upon
the needed or targeted applications. When designing for biomedical uses, making QDs that are non-
toxic and biocompatible is very important, so green and carbon-based QDs are favored [77].
Meanwhile, colloidal and solvothermal synthesis lead to QDs that perform well in various high-
performance optoelectronic applications [78]. Scalability is still a significant problem, as industrial
uses require synthesis methods to be economical, repeated and high-yielding.

The challenges related to making QDs mainly involve issues of toxicity, expansion in mass
production and affordability, so ongoing research is needed [3]. New strategies using both bottom-
up and top-down processes are expected to help reach the goal of precision synthesis without losing
the ability for industrial use [79]. Furthermore, making environmentally friendly QDs would benefit
nature and allow them to use in different green and healthcare technologies.

All in all, the ongoing development of QD synthesis is helping to drive progress in
nanotechnology and strongly affecting energy harvesting, imaging in biology, delivery of medicine
and technology for electronic devices [14]. It is also expected that future study will improve the
environmental process of making QDs, find better methods for producing large batches of QDs and
design stronger QDs that are safer and more suitable for research and industry [80]. Because quantum
dot research involves different scientific fields, experts in chemistry, materials and engineering must
collaborate to overcome issues and fully use “Quantum dots” in technology [81].
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