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Liquid-Liquid
Distribution Reactions:
Organophosphorus
Extractants and the
Kertes Approach

Understanding the intricacies of liquid-liquid
extraction is crucial in various fields, from
hydrometallurgy and nuclear fuel reprocessing to
environmental remediation. This article delves
into the equilibrium constants governing these
reactions, specifically focusing on the
contributions of Asher S. Kertes and the use of
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organophosphorus extractants. We will explore the
theoretical underpinnings, practical applications,
and challenges associated with determining and
utilizing these equilibrium constants. Key aspects
such as solvent extraction, distribution ratios,
and complexation reactions will be discussed.

Introduction to Liquid-Liquid
Extraction and Equilibrium
Constants

Liquid-liquid extraction, also known as solvent
extraction, is a powerful separation technique
relying on the differential solubility of a solute
in two immiscible liquid phases. Typically, one
phase is an aqueous solution containing the target
solute, and the other is an organic phase
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containing an extractant. The extractant
selectively binds to the solute, transferring it
from the aqueous to the organic phase. The
equilibrium constant (K,) for this distribution
reaction quantifies the effectiveness of the
extraction process. It reflects the ratio of the
concentration of the solute in the organic phase
to its concentration in the aqueous phase at
equilibrium. Kertes significantly contributed to
the understanding and modeling of these complex
equilibria, particularly with organophosphorus
extractants.

The equilibrium constant is not merely a
theoretical concept; it forms the backbone of
process optimization in liquid-liquid extraction.
Accurate determination and prediction of K, are
vital for scaling up laboratory-scale experiments
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to industrial-scale operations. The value of K, is
directly influenced by several factors, including
the nature of the extractant, the pH of the
aqueous solution, the concentration of competing
ions, and temperature. Understanding these
influences is key to effectively manipulating the
extraction process.

Organophosphorus Extractants: A
Key Player in Liquid-Liquid
Extraction

Organophosphorus compounds, particularly
organophosphonic and organophosphinic acids,
represent a crucial class of extractants used in
liquid-liquid extraction. Their effectiveness
stems from their ability to form stable complexes
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with various metal ions, particularly those of
actinides and lanthanides. The strong coordination
between the phosphoryl oxygen (P=0) group and the
metal cation facilitates efficient extraction.
Common examples include di-2-ethylhexyl phosphoric
acid (DEHPA) and tributyl phosphate (TBP). The
specific equilibrium constant for extraction using
these compounds is highly dependent on the metal
ion being extracted, the characteristics of the
extractant, and the composition of the aqueous
phase. Kertes' work extensively characterized
these interactions and their influence on the
overall equilibrium.

The Kertes Approach: Modeling and
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Understanding Complex Equilibria

Asher S. Kertes made significant contributions to
the field by developing sophisticated models for
predicting and interpreting equilibrium constants
in liquid-liquid extraction. His research
extensively involved the use of organophosphorus
extractants. He recognized the complexity of these
systems, often involving multiple equilibria such
as complexation, dimerization of the extractant,
and the formation of various solvated species. His
approach incorporated these complexities,
improving the accuracy of equilibrium constant
prediction. He focused on analyzing the influence
of various factors on the observed distribution
ratios (D), which is simply the ratio of the total
concentration of the metal in the organic phase to
its total concentration in the aqueous phase. This
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approach allowed for a more accurate
representation of the system’s equilibrium.
Kertes' models help us accurately determine and
predict the equilibrium constant (K.), which is
pivotal for process optimization.

### Beyond Simple Equilibria: Consideration of
Side Reactions

A key aspect of Kertes' contribution was the
systematic approach to accounting for competing
reactions, such as hydrolysis of the metal ion and
complexation with other ligands present in the
aqueous phase. These side reactions significantly
affect the effective equilibrium constant, and
neglecting them can lead to significant errors in
predicting the extraction efficiency. His
methodology involved careful consideration of the
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activity coefficients of all species involved,
leading to more accurate calculations and
predictions.

Applications and Importance of
Equilibrium Constants in Liquid-
Liquid Extraction Processes

The accurate determination of equilibrium
constants is paramount for designing and
optimizing various industrial processes:

e Hydrometallurgy: Extracting valuable metals
from ores and concentrates relies heavily on
solvent extraction, with accurate knowledge of
equilibrium constants guiding process
optimization for efficient recovery.
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* Nuclear Fuel Reprocessing: Separating uranium
and plutonium from spent nuclear fuel demands
precise control over extraction conditions.
Equilibrium constants are crucial in
predicting and controlling these separation
processes.

e Environmental Remediation: Removing toxic
metal ions from contaminated water sources
often employs solvent extraction techniques.
Precise equilibrium constant values are
critical for choosing the appropriate
extractant and optimizing extraction
conditions.

Furthermore, understanding the equilibrium
constants allows for the design of more efficient
and environmentally friendly processes by reducing
solvent consumption and minimizing waste

10
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generation. Through this precise calculation,
optimization can be achieved using less energy and
materials.

Conclusion: Kertes’ Lasting
Legacy in Solvent Extraction

Asher S. Kertes' substantial contributions to the
field of liquid-liquid extraction are undeniable.
His insightful approach to modeling complex
equilibria, particularly those involving
organophosphorus extractants, provides a robust
foundation for understanding and predicting the
behavior of these systems. The accurate
determination and prediction of equilibrium
constants remain crucial for the optimization of
various industrial processes reliant on solvent

11
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extraction, impacting sectors ranging from
hydrometallurgy and nuclear fuel reprocessing to
environmental remediation. Future research will
likely focus on developing more sophisticated
models incorporating additional factors, such as
interfacial phenomena and the impact of
nanomaterials, to further enhance the precision
and applicability of these equilibrium constant
calculations.

FAQ

Ql: What are the limitations of using equilibrium
constants in predicting real-world extraction
processes?

Al: While equilibrium constants provide a valuable
framework, several limitations exist. Real-world

12
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processes are often far from ideal conditions.
Factors like mass transfer kinetics, drop size
distribution in mixers-settlers, and non-
idealities in the solution phases can
significantly influence the extraction efficiency.
The model assumes rapid attainment of equilibrium,
which might not always be true in practice.

Q2: How are equilibrium constants determined
experimentally?

A2: Equilibrium constants are typically determined
through batch experiments. Known volumes of
aqueous and organic phases are contacted, allowed
to equilibrate, and then analyzed to determine the
concentrations of the solute in both phases.
Multiple experiments with varying initial
concentrations are conducted to confirm the

13
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equilibrium constant's consistency. Sophisticated
analytical techniques such as atomic absorption
spectroscopy (AAS) or inductively coupled plasma
mass spectrometry (ICP-MS) are commonly used for
accurate concentration measurements.

Q3: What is the role of temperature in determining
the equilibrium constant?

A3: Temperature significantly influences the
equilibrium constant. The van't Hoff equation
relates the equilibrium constant to temperature.
Typically, an increase in temperature can either
increase or decrease K., depending on the enthalpy
change (AH) of the extraction reaction.
Endothermic reactions (AH > 0) show increased K,
with increasing temperature, while exothermic
reactions (AH < 0) show the opposite trend.

14



Equilibrium Constants Of Liquid Liquid Distribution
Reactions Organophosphorus Extractants A S Kertes

Q4: How does the pH of the aqueous phase affect
the extraction process and the equilibrium
constant?

A4: pH plays a critical role, especially when
using acidic organophosphorus extractants. The
extraction of metal ions often involves proton
exchange, with the pH controlling the
concentration of the protonated and deprotonated
forms of the extractant and the metal speciation
in the aqueous phase. Changes in pH can
significantly alter the equilibrium constant and
extraction efficiency.

Q5: What other types of extractants are used
besides organophosphorus compounds?

A5: Besides organophosphorus extractants, other

15



Equilibrium Constants Of Liquid Liquid Distribution
Reactions Organophosphorus Extractants A S Kertes

types, including amines, B-diketones, and crown
ethers, are employed depending on the target
solute and the desired selectivity. The choice
depends on the target metal ion, its chemistry,
and the required selectivity.

Q6: How can we improve the accuracy of equilibrium
constant predictions?

A6: Improving accuracy requires more sophisticated
models considering non-ideal behavior in both
phases, the effects of complexation with other
ligands present in the aqueous solution, and the
influence of interfacial phenomena. Advanced
techniques like molecular simulation and machine
learning could aid in improving predictive
capabilities.

16
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Q7: What are some future research directions in
this area?

A7: Future research will likely focus on
integrating advanced modeling techniques, such as
molecular dynamics simulations, to better
understand the interaction at the molecular level.
Developing predictive models that account for non-
ideal behavior and complex kinetic factors will
also be a priority. The integration of machine
learning techniques to analyze large datasets and
predict equilibrium constants under various
conditions offers promising avenues for research.

Q8: How does the concentration of the extractant
affect the equilibrium constant?

A8: The concentration of the extractant directly

17
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influences the equilibrium constant, as it affects
the availability of binding sites for the metal
ion. Generally, increasing the extractant
concentration enhances extraction efficiency,
however, this is not always a linear relationship
due to extractant self-association (dimerization
or polymerization) and complex interactions in the
organic phase.

Deciphering the Equilibrium
Constants in Liquid-Liquid
Extraction: A Deep Dive into
Organophosphorus Extractants and

18
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the Work of A.S. Kertes

The sphere of liquid-liquid extraction (LLE) plays
a crucial role in numerous manufacturing
processes, from separating valuable metals to
extracting impurities from effluent. Understanding
the fundamental principles governing these
separations is critical for efficient and
effective operation. At the core of this
understanding lie the equilibrium constants of the
extraction processes, particularly those involving
organophosphorus extractants — a group of
compounds extensively studied by the renowned
chemist A.S. Kertes. This article delves into the
complexities of these equilibrium constants,
exploring their importance and real-world
implications.
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Organophosphorus extractants, defined by their
distinctive ability to selectively interact with
diverse element ions, form the foundation of many
LLE processes. The extraction process itself is a
heterogeneous equality, governed by a suite of
equilibrium constants that show the intensity of
the interactions between the extractant, the metal
ion, and the two liquid phases — typically an
aqueous phase and an organic phase. Kertes’
extensive work significantly advanced our
understanding of these intricate equilibria.

One of the key contributions of Kertes' research
lies in his development of thorough models that
account for numerous factors influencing the
equilibrium constants. These factors include the
nature of the organophosphorus extractant (e.g.,
tri-n-butyl phosphate (TBP), di-2-ethylhexyl
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phosphoric acid (DEHPA)), the physical
characteristics of the substance ion (e.g.,
charge, hydration state), the pH of the aqueous
phase, and the composition of the organic phase.
Kertes acknowledged the relationship between these
factors and their cumulative impact on the overall
extraction efficiency.

For instance, consider the extraction of
uranium(VI) using TBP. The equilibrium constant
for this reaction is influenced by the
concentration of TBP in the organic phase, the
concentration of uranium(VI) in the aqueous phase,
and the nitrate ion concentration. A higher TBP
concentration moves the equilibrium towards
increased uranium extraction, while a higher
nitrate ion concentration boosts the formation of
the extractable uranium-nitrate-TBP complex. Such

21
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relationships are measured through experimental
measurement of the equilibrium constant and
modeling using appropriate thermodynamic
equations.

The practical uses of understanding these
equilibrium constants are numerous. In
hydrometallurgy, the optimal conditions for
extracting valuable metals from rocks can be
estimated and optimized by carefully managing
parameters such as pH, extractant concentration,
and heat. Similarly, in environmental remediation,
the efficiency of removing heavy metals from
contaminated water sources can be significantly
improved by choosing the most appropriate
extractant and tuning the extraction conditions
based on equilibrium constant data.

22
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Furthermore, the grasp of equilibrium constants is
instrumental in the development of new and better
extraction methods. By carefully selecting
extractants with specific properties and
optimizing their connections through changes to
the extraction conditions, researchers can create
more effective and selective separation processes.
This results to cost lowerings, reduced waste
generation, and improved environmental
conservation.

In conclusion, the equilibrium constants of
liquid-liquid distribution reactions involving
organophosphorus extractants, as extensively
studied by A.S. Kertes, are essential to
understanding and enhancing LLE processes. A deep
understanding of these constants, coupled with a
thorough understanding of the factors influencing
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them, allows for the creation of more productive,
targeted, and sustainably benign extraction
methods across various applications.

Frequently Asked Questions (FAQs):

1. Q: What are the limitations of using
equilibrium constants to predict real-world
extraction behavior?

A: Equilibrium constants provide a thermodynamic
description of the system under ideal conditions.
Real-world systems often deviate from ideality due
to factors like non-ideal mixing, kinetic
limitations, and the presence of interfering
species. Therefore, while equilibrium constants
are valuable tools, they should be complemented by
experimental verification and consideration of
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kinetic effects.

2. Q: How are equilibrium constants experimentally
determined?

A: Equilibrium constants are typically determined
through experimental measurements of the
concentration of the metal ion in both the aqueous
and organic phases after the extraction process
has reached equilibrium. Various analytical
techniques, such as spectrophotometry, atomic
absorption spectroscopy, and inductively coupled
plasma mass spectrometry, are employed for these
measurements.

3. Q: Are there other types of extractants besides
organophosphorus compounds used in liquid-liquid
extraction?
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A: Yes, various other classes of extractants are
used, including amines, carboxylic acids, and B-
diketones. The choice of extractant depends on the
specific metal ion being extracted, the desired
selectivity, and other operational considerations.

4. Q: How does temperature affect equilibrium
constants in liquid-liquid extraction?

A: Temperature significantly impacts equilibrium
constants. The effect is described by the van't
Hoff equation, which relates the change in the
equilibrium constant with temperature to the
enthalpy change of the reaction. Generally, an
increase in temperature favors endothermic
reactions, leading to a higher equilibrium
constant, while an increase in temperature
disfavors exothermic reactions, resulting in a
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lower equilibrium constant.

https://centrum.biblioteka.traefik.light.krakow.pl

/110931/25293S5/TEXT/vista-higher learning-
imagina_ lab-manual.pdf
https://centrum.biblioteka.traefik.light.krakow.pl
/27616JK/220926/PDF/yamaha-

xvs 1100 1 dragstar 1999 2004 motorcycle worksho
p__manual-repair-manual service-

manual _download.pdf

https://centrum.biblioteka.traefik.light.krakow.pl
/N54679V/220926/TXT/ite-

trip generation manual.pdf
https://centrum.biblioteka.traefik.light.krakow.pl
/C37430D/110931220926/EPUB/lifesciences paper2-
gradell-june-memo.pdf

https://centrum.biblioteka.traefik.light.krakow.pl
/44N199540M/24N328M/PPT/honeywell tpe 331 manuals

27


https://centrum.biblioteka.traefik.light.krakow.pl/220926/7Y96563E39/ITUNE/vista__higher_learning_imagina__lab-manual.pdf
https://centrum.biblioteka.traefik.light.krakow.pl/220926/7Y96563E39/ITUNE/vista__higher_learning_imagina__lab-manual.pdf
https://centrum.biblioteka.traefik.light.krakow.pl/220926/7Y96563E39/ITUNE/vista__higher_learning_imagina__lab-manual.pdf
https://centrum.biblioteka.traefik.light.krakow.pl/18K33060K9/52K924K/RTF/yamaha_xvs-1100__l_dragstar__1999-2004_motorcycle-workshop__manual__repair__manual__service_manual_download.pdf
https://centrum.biblioteka.traefik.light.krakow.pl/18K33060K9/52K924K/RTF/yamaha_xvs-1100__l_dragstar__1999-2004_motorcycle-workshop__manual__repair__manual__service_manual_download.pdf
https://centrum.biblioteka.traefik.light.krakow.pl/18K33060K9/52K924K/RTF/yamaha_xvs-1100__l_dragstar__1999-2004_motorcycle-workshop__manual__repair__manual__service_manual_download.pdf
https://centrum.biblioteka.traefik.light.krakow.pl/18K33060K9/52K924K/RTF/yamaha_xvs-1100__l_dragstar__1999-2004_motorcycle-workshop__manual__repair__manual__service_manual_download.pdf
https://centrum.biblioteka.traefik.light.krakow.pl/18K33060K9/52K924K/RTF/yamaha_xvs-1100__l_dragstar__1999-2004_motorcycle-workshop__manual__repair__manual__service_manual_download.pdf
https://centrum.biblioteka.traefik.light.krakow.pl/61K442Y/220926/DOC/ite__trip_generation-manual.pdf
https://centrum.biblioteka.traefik.light.krakow.pl/61K442Y/220926/DOC/ite__trip_generation-manual.pdf
https://centrum.biblioteka.traefik.light.krakow.pl/61K442Y/220926/DOC/ite__trip_generation-manual.pdf
https://centrum.biblioteka.traefik.light.krakow.pl/1R7398Y/5R632583Y7/BOOK/lifesciences_paper2_grade11_june__memo.pdf
https://centrum.biblioteka.traefik.light.krakow.pl/1R7398Y/5R632583Y7/BOOK/lifesciences_paper2_grade11_june__memo.pdf
https://centrum.biblioteka.traefik.light.krakow.pl/1R7398Y/5R632583Y7/BOOK/lifesciences_paper2_grade11_june__memo.pdf
https://centrum.biblioteka.traefik.light.krakow.pl/by/361B00259Y260922/EPDF/honeywell_tpe__331_manuals.pdf
https://centrum.biblioteka.traefik.light.krakow.pl/by/361B00259Y260922/EPDF/honeywell_tpe__331_manuals.pdf

Equilibrium Constants Of Liquid Liquid Distribution
Reactions Organophosphorus Extractants A S Kertes

https://centrum.biblioteka.traefik.light.krakow.pl
/aw/58477AW/PPT/2011-toyota-

corolla owners_manual excellent-condition.pdf
https://centrum.biblioteka.traefik.light.krakow.pl
/ht/354781T4H5260922/PPT/2003__ bmw-323i service a
nd__repair-manual.pdf
https://centrum.biblioteka.traefik.light.krakow.pl

/di/5025I2D/PUB/gem pcl-plus_manual.pdf
https://centrum.biblioteka.traefik.light.krakow.pl

/110931/A932E68/PUB/chapter 11 the evolution-
of-populations study-guide-answers.pdf
https://centrum.biblioteka.traefik.light.krakow.pl
/5K0D325/110931220926/PUB/saeco_magic _service-
manual.pdf

28


https://centrum.biblioteka.traefik.light.krakow.pl/by/361B00259Y260922/EPDF/honeywell_tpe__331_manuals.pdf
https://centrum.biblioteka.traefik.light.krakow.pl/110931/4Z71657B75/PLAY/2011__toyota_corolla-owners_manual_excellent-condition.pdf
https://centrum.biblioteka.traefik.light.krakow.pl/110931/4Z71657B75/PLAY/2011__toyota_corolla-owners_manual_excellent-condition.pdf
https://centrum.biblioteka.traefik.light.krakow.pl/110931/4Z71657B75/PLAY/2011__toyota_corolla-owners_manual_excellent-condition.pdf
https://centrum.biblioteka.traefik.light.krakow.pl/110931/389ZH55/PPT/2003__bmw-323i_service-and__repair__manual.pdf
https://centrum.biblioteka.traefik.light.krakow.pl/110931/389ZH55/PPT/2003__bmw-323i_service-and__repair__manual.pdf
https://centrum.biblioteka.traefik.light.krakow.pl/110931/389ZH55/PPT/2003__bmw-323i_service-and__repair__manual.pdf
https://centrum.biblioteka.traefik.light.krakow.pl/110931/F73333Q/EPDF/gem_pcl__plus-manual.pdf
https://centrum.biblioteka.traefik.light.krakow.pl/110931/F73333Q/EPDF/gem_pcl__plus-manual.pdf
https://centrum.biblioteka.traefik.light.krakow.pl/ez/E9352Z8754260922/EBOOK/chapter__11_the__evolution_of__populations_study-guide_answers.pdf
https://centrum.biblioteka.traefik.light.krakow.pl/ez/E9352Z8754260922/EBOOK/chapter__11_the__evolution_of__populations_study-guide_answers.pdf
https://centrum.biblioteka.traefik.light.krakow.pl/ez/E9352Z8754260922/EBOOK/chapter__11_the__evolution_of__populations_study-guide_answers.pdf
https://centrum.biblioteka.traefik.light.krakow.pl/85729OQ/110931220926/TEXT/saeco-magic__service__manual.pdf
https://centrum.biblioteka.traefik.light.krakow.pl/85729OQ/110931220926/TEXT/saeco-magic__service__manual.pdf
https://centrum.biblioteka.traefik.light.krakow.pl/85729OQ/110931220926/TEXT/saeco-magic__service__manual.pdf

