Vol 9, Issue 9, 2026 Impact Factor: 8.535 DOI: https://doi.org/10.31426/ijamsr.2026.9.9.9714

-, International Journal of

T A “ SR Advanced Multidisciplinary Scientific Research (IJAMSR) ISSN:2581-4281

Interfacial Chemical Reactions and Kinetics in Aqueous Systems:
Environmental Significance and Treatment Approaches
Dr. Mukesh Chandra, Radha Singh, Prachi Chandra, Rudra Chandra

Department of Chemistry, Bajrangi Mahavidhyalaya Kanpur Dehat,
CSJM University Kanpur, Kanpur, Uttar Pradesh, India.

Corresponding Author: mtechmukesh@gmail.com

ABSTRACT

Chemical reactions at aqueous interfaces can exhibit mechanisms and kinetics
that differ from those observed in homogeneous systems. Interfacial processes
become particularly relevant when mass transfer is rate-limiting or when
reactions are influenced by surface effects. The present manuscript discusses
aqueous interfacial chemistry, fluorochemicals and persistent perfluorinated
compounds, with particular attention to perfluorooctanoate (PFOA) and
perfluorooctane sulfonate (PFOS). It reviews the environmental persistence of
fluorochemicals and outlines conventional, oxidative, reductive, thermal and
sonochemical treatment approaches. The manuscript also presents
fundamental concepts of chemical equations, balancing of reactions and
aqueous ionic solutions, supported by the figures contained in the supplied
source document. The material indicates that treatment performance depends
on contaminant concentration, matrix, phase behaviour, mass transfer,
reaction conditions, degradation products and energy requirements. The
supplied document does not provide a complete original experimental dataset;
therefore, this manuscript is formatted as an academic research/review-style
draft rather than presenting invented experimental results.
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1. Introduction

A chemical reaction is a process in which one or more substances are converted into different substances
through rearrangement of atoms and chemical bonds. Chemical equations provide a concise
representation of these transformations. In environmental and multiphase systems, however, the reaction
pathway may depend not only on the intrinsic chemistry but also on transport between phases and
reactions occurring at interfaces.

The supplied manuscript focuses on environmentally relevant reaction mechanisms and kinetics at
aqueous interfaces and emphasizes that heterogeneous chemistry may be as important as, or more
important than, homogeneous chemistry in selected systems. Reaction models often focus on
homogeneous chemistry because only a fraction of molecules may be associated with an interface.
Nevertheless, interfacial processes become important when mass transfer is rate-limiting or when surface
catalysis influences the transformation.
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Gas—solid, liquid—solid and gas—liquid interfaces can therefore control reaction behaviour. At gas—liquid
interfaces, partitioning between phases is affected by molecular polarity, hydrogen bonding and
intermolecular interactions. These processes are particularly relevant to environmental contaminants that

display amphiphilic or highly persistent behaviour.
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Figure 1. Molecular Representation of Hydrogen—Oxygen Reaction and Rearrangement of

Atoms During Formation of Water

2. Fluorochemicals and Their Environmental Significance

Fluorochemicals have a wide range of applications, including non-stick polymers, water- and stain-
resistant coatings, protective coatings on metals, semiconductor processing, aqueous film-forming foams
and thermally stable lubricants. Their utility is related to the physicochemical properties produced by

replacing hydrogen with fluorine in organic molecules.

Perfluorinated compounds are particularly persistent because of the strength and stability associated with
carbon—fluorine bonding. The source document identifies PFOA and PFOS as important perfluorinated
surfactants and describes their tendency to partition between phases and accumulate at the air—water

interface.
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Figure 2. Schematic Illustration of Fluorination Pathways and Fluorinated Building Blocks

(Figure Reproduced from The Supplied Manuscript)
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3. Interfacial Reaction Mechanisms and Mass Transfer

Mass-transfer limitations can strongly influence multiphase reaction rates. The source document
identifies gas—solid and liquid—solid systems as examples in which diffusion into solid materials can be
limited. Under such circumstances, chemical transformation may be concentrated near the interface.

Gas—liquid interfaces also show distinctive behaviour because compounds distribute between the gas and
aqueous phases according to their physicochemical properties. For environmental systems, this means
that reaction kinetics should be interpreted together with phase partitioning, diffusion, adsorption and
interfacial processes.
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Figure 3. Schematic Representation of a Microfluidic Process Using a Porous Metal Oxide
Reactor (Figure Reproduced from The Supplied Manuscript)

4. Treatment and Degradation of PFOS and PFOA

The supplied manuscript reviews several technologies investigated for the treatment of
fluorochemical contamination. These include conventional treatment, adsorption, oxidative
processes, photolytic methods, reductive treatment, thermal treatment and sonochemical treatment.

4.1 Conventional Treatment and Adsorption

Conventional wastewater-treatment processes such as trickling filtration, activated sludge, anaerobic
digestion and chlorination are described in the source as having limited effects on persistent
fluorochemical contamination. Granular activated carbon is discussed as an effective adsorbent for PFOA
and PFOS under selected conditions, although the spent adsorbent requires appropriate management.

4.2 Oxidative and Photochemical Processes

The source discusses alkaline ozonation, peroxone, Fenton-type processes, direct photolysis,
photocatalysis and persulfate photolysis. It reports varying effectiveness depending on the
fluorochemical and treatment conditions. Such processes require evaluation of reaction products as
well as parent-compound removal.
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4.3 Reductive, Thermal and Sonochemical Processes

Reduction using elemental iron under near-supercritical-water conditions is identified as one
investigated approach. The source also describes ultrasonic irradiation of aqueous PFOS and PFOA
and reports that sonolysis has been investigated for degradation and mineralization. The effectiveness
of such approaches depends on operating conditions, concentration and the composition of the
treatment matrix.

5. Classification and Representation of Chemical Reactions

The supplied document describes several broad classes of chemical reactions, including exothermic
and endothermic reactions, redox and non-redox reactions, combination or synthesis reactions,
decomposition reactions, double-replacement reactions, combustion reactions and acid-base
reactions.

Coefhicient Coefhcient
Vs "goes to" N
2H2(g) + O2(g) —> 2H»>O(/)
Physical states Physical state

Figure 4. Balanced Chemical Equation Showing Coefficients and Physical States for
Formation of Water

In a chemical reaction, atoms are neither created nor destroyed; they are rearranged. Consequently,
the number of atoms of each element must be the same on both sides of a balanced chemical
equation. For the hydrogen—oxygen reaction, the balanced equation is:

2H:z(g) + 0:(g) — 2H:0(1)

2NHj3 207 0 3H,0

Figure 5. Molecular Representation of a Chemical Reaction and Formation of Products
(Figure Reproduced from The Supplied Manuscript)
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6. Water Solutions of lonic Compounds

A solution is a homogeneous mixture in which its components are distributed throughout the solvent.
When an ionic compound such as sodium chloride dissolves in water, sodium and chloride ions
become distributed throughout the aqueous phase. The supplied document uses salt water to illustrate
the uniform distribution of dissolved species.

All parts have the All parts taste
same composition. equally salty.
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In a salt water solution, the water,
sodium ions, and chloride ions
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Figure 6. Molecular Representation of Sodium Chloride Dissolved in Water, Illustrating
Homogeneous Distribution of lons

7. Discussion

The material indicates that environmental reaction systems should be considered as coupled chemical and
transport processes. At interfaces, phase partitioning, diffusion, adsorption and surface reaction can
influence the observed transformation. For persistent fluorochemicals, the selection of treatment
technology must consider contaminant concentration, matrix composition, treatment conditions,
degradation products and energy requirements.

The supplied source also indicates that technologies should be evaluated according to reaction conditions,
degradation kinetics, degradation products and energy demand. Because the source document does not
provide a complete experimental design or quantitative dataset, specific removal efficiencies, reaction-
rate constants or statistical significance cannot be established from the supplied material alone.

8. Conclusion

Aqueous interfacial chemistry is important for understanding multiphase environmental reactions.
The supplied material highlights the role of mass transfer and interfacial processes and reviews the
environmental persistence of fluorochemicals, particularly PFOS and PFOA. Conventional treatment
can be insufficient for persistent fluorinated compounds, leading to investigation of adsorption,
oxidative, reductive, thermal and sonochemical approaches. Future research should integrate reaction
mechanisms with transport phenomena and should report reproducible experimental conditions,
quantitative kinetics, product identification and energy requirements.
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9. Research Limitations of the Supplied Manuscript

The original Word document is primarily organized as a thesis/chapter-style text and does not
contain a complete Materials and Methods section, original experimental results, statistical analysis,
or full bibliographic metadata for all claims. These elements should be added from the author's actual
research records before submission as an original research article. No experimental values or
conclusions have been fabricated in this formatting process.
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