critical pressure definition chemistry

critical pressure definition chemistry is a fundamental concept in the study
of phase transitions and thermodynamics. It refers to the specific pressure
at which the liquid and gas phases of a substance become indistinguishable,
marking the end of the liquid-vapor boundary on a phase diagram.
Understanding critical pressure is crucial in various scientific and
industrial applications, including the design of chemical reactors,
supercritical fluid extraction, and the study of fluid properties under
extreme conditions. This article delves into the detailed critical pressure
definition chemistry, explores how critical pressure relates to other
critical properties, examines its significance in real-world applications,
and outlines the methods used to determine critical pressure experimentally
and theoretically. Additionally, the relationship between critical pressure
and temperature is discussed to provide a comprehensive understanding of this
key physical property.
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Definition and Explanation of Critical Pressure

What is Critical Pressure?

Critical pressure in chemistry is defined as the minimum pressure required to
liquefy a gas at its critical temperature. At this specific pressure, the
substance reaches a critical point where the distinction between the liquid
and vapor phases disappears. This unique state, known as the critical point,
is characterized by critical temperature, critical pressure, and critical
volume. Beyond the critical pressure, increasing temperature will not result
in condensation, and the substance exists as a supercritical fluid,
exhibiting properties of both liquids and gases.



Characteristics of Critical Pressure

The critical pressure is a precise thermodynamic property that varies for
each substance. It is influenced by intermolecular forces and molecular
structure. At pressures below the critical pressure, a gas can be condensed
into a liquid if the temperature is sufficiently low. However, at or above
the critical pressure and temperature, the fluid cannot be condensed into a
liquid regardless of pressure applied.

e Marks the highest pressure at which liquid and vapor coexist
e Defines the end of the phase boundary between liquid and gas

e Depends on molecular interactions and substance-specific properties

Critical Pressure in Relation to Critical
Temperature and Volume

Interrelation of Critical Properties

The critical pressure is intrinsically linked to two other critical
properties: critical temperature and critical volume. Together, these define
the critical point of a substance. Critical temperature is the temperature
above which a gas cannot be liquefied, regardless of pressure. Critical
volume refers to the specific volume of the substance at the critical point.

Phase Diagrams and Critical Pressure

On a pressure-temperature phase diagram, the critical pressure corresponds to
the pressure at the critical temperature where the liquid-gas phase boundary
terminates. At this point, the substance transitions into a supercritical
fluid. Understanding these relationships is essential for interpreting phase
behavior and designing processes involving phase changes.

Importance and Applications of Critical
Pressure in Chemistry



Industrial Applications

Knowledge of critical pressure is vital in many industrial chemical
processes. It enables engineers to optimize conditions for liquefaction,
separation, and synthesis processes by controlling pressure and temperature.
In supercritical fluid extraction, for example, manipulating pressure above
the critical pressure allows selective extraction of compounds, improving
efficiency and environmental safety.

Scientific Research and Material Science

Critical pressure data contributes to the development of accurate equations
of state for fluids, which are essential in modeling and simulation. It also
aids in understanding molecular interactions and phase behavior under extreme
conditions, facilitating advances in material science and high-pressure
chemistry.

Design of refrigeration and liquefaction systems

Supercritical fluid chromatography and extraction

Prediction of fluid behavior in natural and engineered systems

High-pressure synthesis and chemical reactions

Methods for Determining Critical Pressure

Experimental Techniques

Critical pressure can be measured experimentally using various techniques
such as visual observation of the disappearance of the meniscus between
liquid and vapor phases in a high-pressure cell. Other methods include the
use of PVT (pressure-volume-temperature) measurements and acoustic or optical
methods to detect changes in fluid properties near the critical point.

Theoretical and Computational Approaches

Theoretical models and equations of state, such as the van der Waals
equation, Redlich-Kwong, or Peng-Robinson equations, allow estimation of
critical pressure based on molecular parameters. Computational chemistry and
molecular simulations also provide insights into critical phenomena by
modeling intermolecular forces and phase behavior.



Factors Affecting Critical Pressure

Molecular Structure and Intermolecular Forces

The critical pressure of a substance is influenced by its molecular size,
shape, and the strength of intermolecular forces such as hydrogen bonding,
Van der Waals forces, and dipole interactions. Substances with strong
intermolecular attractions generally have higher critical pressures.

Impurities and Mixtures

In mixtures, the critical pressure differs from that of pure components due
to interactions between different molecules. The presence of impurities can
alter the critical pressure and temperature, impacting phase behavior and
process design.

e Stronger intermolecular forces increase critical pressure
e Molecular complexity affects critical properties

e Mixtures exhibit modified critical parameters compared to pure
substances

e Temperature and pressure history can influence measured critical
pressure

Frequently Asked Questions

What is the definition of critical pressure in
chemistry?

Critical pressure is the minimum pressure required to liquefy a gas at its
critical temperature, where the liquid and gas phases become
indistinguishable.

How is critical pressure related to the critical
temperature?

Critical pressure is the pressure needed to liquefy a gas at its critical
temperature, which is the highest temperature at which a substance can exist
as a liquid.



Why is critical pressure important in phase
transitions?

Critical pressure marks the threshold above which a gas cannot be liquefied
by increasing pressure alone if the temperature is above the critical
temperature, indicating the end of distinct liquid and gas phases.

How is critical pressure determined experimentally?

Critical pressure is determined by gradually increasing the pressure of a gas
at its critical temperature until the gas transitions to a supercritical
fluid where liquid and gas phases merge.

Can critical pressure vary between different
substances?

Yes, critical pressure varies for different substances depending on their
intermolecular forces and molecular structure.

What units are typically used to express critical
pressure?

Critical pressure is commonly expressed in units of atmospheres (atm),
pascals (Pa), or bar.

How does critical pressure affect industrial
applications?

Understanding critical pressure is crucial for designing equipment in
processes like supercritical fluid extraction and refrigeration, where
controlling phase behavior is important.

Is critical pressure higher or lower than
atmospheric pressure for most gases?

Critical pressure is often higher than atmospheric pressure for most gases,
meaning specific conditions are required to reach the critical point.

What happens to a substance at critical pressure and
critical temperature?

At critical pressure and critical temperature, the substance forms a
supercritical fluid where distinct liquid and gas phases do not exist.



How does critical pressure influence the phase
diagram of a substance?

Critical pressure defines the endpoint of the liquid-gas phase boundary on a
phase diagram, beyond which the fluid exists in a supercritical state.

Additional Resources

1. Critical Pressure and Phase Equilibria in Chemical Systems

This book provides a comprehensive overview of critical pressure concepts in
chemistry, emphasizing phase equilibria and thermodynamics. It explores the
behavior of substances near their critical points and the implications for
industrial processes. Detailed case studies illustrate practical applications
in chemical engineering.

2. Thermodynamics of Critical Phenomena: Pressure and Beyond

Focusing on the thermodynamic principles underlying critical phenomena, this
text delves into the definition and measurement of critical pressure. It
covers theoretical models as well as experimental techniques used in modern
chemistry. The book is suitable for advanced students and researchers
interested in phase transitions.

3. Supercritical Fluids: Properties and Applications

This book investigates supercritical fluids, substances above their critical
pressure and temperature, highlighting their unique properties. It explains
how critical pressure defines the boundary between liquid and gas phases and
examines the use of supercritical fluids in extraction, reaction media, and
material processing. Practical examples from industry are included.

4. Physical Chemistry of Critical Points: Pressure, Temperature, and Density
An in-depth study of the physical chemistry behind critical points, this book
discusses the interplay of pressure, temperature, and density in determining
critical states. It covers experimental methods for defining critical
pressure and explores the molecular interactions responsible for critical
behavior. The text is rich with diagrams and mathematical descriptions.

5. Phase Diagrams and Critical Pressure in Chemical Engineering

Designed for chemical engineers, this book focuses on phase diagrams with an
emphasis on critical pressure. It explains how critical pressure is
determined and used to predict the behavior of chemical mixtures. The book
includes numerous examples of phase diagrams for real systems and discusses
implications for design and optimization.

6. Critical Point Phenomena in Fluids: A Chemical Perspective

This book presents a chemical perspective on critical point phenomena in
fluids, detailing the definition and significance of critical pressure. It
covers molecular theories and statistical mechanics approaches to
understanding criticality. Case studies highlight the role of critical
pressure in fluid extraction and catalytic processes.



7. Experimental Techniques for Measuring Critical Pressure in Chemistry

A practical guide to the experimental determination of critical pressure,
this book outlines various laboratory methods and instrumentation. It
discusses the challenges involved in precise measurement and data
interpretation. The book is valuable for researchers conducting experimental
studies on critical phenomena.

8. Critical Pressure in Gas-Liquid Systems: Theory and Applications

This text explores the critical pressure concept specifically in gas-liquid
systems, addressing both theoretical foundations and practical applications.
It discusses phase transitions, critical opalescence, and the role of
critical pressure in separation processes. The book provides mathematical
models and simulation results to support understanding.

9. Advanced Topics in Critical Pressure and Chemical Thermodynamics

Covering advanced theoretical topics, this book delves into the nuances of
critical pressure within chemical thermodynamics. It includes discussions on
non-ideal systems, mixture behavior near critical points, and recent research
developments. Suitable for graduate students and professionals, the book
bridges fundamental theory with cutting-edge applications.
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quality and performance characteristics of the procedures that are the focus of interest. The scope
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automation has taken over. Answers can now be shared, not only on the chemical composition and
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resource for the coming decade, revising and updating accepted terminology, and providing the
official language of analytical chemistry.

critical pressure definition chemistry: CRC Handbook of Chemistry and Physics Robert C.
Weast, 1975

critical pressure definition chemistry: CRC Handbook of Chemistry and Physics, 94th
Edition William M. Haynes, 2016-04-19 Celebrating the 100th anniversary of the CRC Handbook of
Chemistry and Physics, this 94th edition is an update of a classic reference, mirroring the growth
and direction of science for a century. The Handbook continues to be the most accessed and
respected scientific reference in the science, technical, and medical communities. An authoritative
resource consisting of tables of data, its usefulness spans every discipline. Originally a 116-page
pocket-sized book, known as the Rubber Handbook, the CRC Handbook of Chemistry and Physics
comprises 2,600 pages of critically evaluated data. An essential resource for scientists around the
world, the Handbook is now available in print, eBook, and online formats. New tables: Section 7:
Biochemistry Properties of Fatty Acid Methyl and Ethyl Esters Related to Biofuels Section 8:
Analytical Chemistry Gas Chromatographic Retention Indices Detectors for Liquid Chromatography
Organic Analytical Reagents for the Determination of Inorganic Ions Section 12: Properties of Solids
Properties of Selected Materials at Cryogenic Temperatures Significantly updated and expanded
tables: Section 3: Physical Constants of Organic Compounds Expansion of Diamagnetic Susceptibility
of Selected Organic Compounds Section 5: Thermochemistry, Electrochemistry, and Solution
Chemistry Update of Electrochemical Series Section 6: Fluid Properties Expansion of
Thermophysical Properties of Selected Fluids at Saturation Major expansion and update of Viscosity
of Liquid Metals Section 7: Biochemistry Update of Properties of Fatty Acids and Their Methyl
Esters Section 8: Analytical Chemistry Major expansion of Abbreviations and Symbols Used in
Analytical Chemistry Section 9: Molecular Structure and Spectroscopy Update of Bond Dissociation
Energies Section 11: Nuclear and Particle Physics Update of Summary Tables of Particle Properties
Section 14: Geophysics, Astronomy, and Acoustics Update of Atmospheric Concentration of Carbon
Dioxide, 1958-2012 Update of Global Temperature Trend, 1880-2012 Major update of Speed of
Sound in Various Media Section 15: Practical Laboratory Data Update of Laboratory Solvents and
Other Liquid Reagents Major update of Density of Solvents as a Function of Temperature Major
update of Dependence of Boiling Point on Pressure Section 16: Health and Safety Information Major
update of Threshold Limits for Airborne Contaminants Appendix A: Major update of Mathematical
Tables Appendix B: Update of Sources of Physical and Chemical Data
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critical pressure definition chemistry: Handbook of Chemistry and Physics Robert C. Weast,
1988 Chemistry and Physics, always two closely related sciences, have been brought into more
intimate relations by recent developments in research and our increasing understanding of matter
and energy. One of the goals of the editor and the publisher is to provide a reference book which will
assist in providing certain information to further this understanding. The editor attempts to include
material which has a high probability to find extended use in many branches of chemistry and
physics and the closely allied sciences. This 1st Student Edition provides certain core data and
information that are constant or which change only slightly over an extended period of time.

critical pressure definition chemistry: A Treatise on Chemistry Henry Enfield Roscoe, Carl
Schorlemmer, 1895

critical pressure definition chemistry: Albright's Chemical Engineering Handbook Lyle
Albright, 2008-11-20 Taking greater advantage of powerful computing capabilities over the last
several years, the development of fundamental information and new models has led to major
advances in nearly every aspect of chemical engineering. Albright’s Chemical Engineering
Handbook represents a reliable source of updated methods, applications, and fundamental concepts
that will continue to play a significant role in driving new research and improving plant design and
operations. Well-rounded, concise, and practical by design, this handbook collects valuable insight
from an exceptional diversity of leaders in their respective specialties. Each chapter provides a clear




review of basic information, case examples, and references to additional, more in-depth information.
They explain essential principles, calculations, and issues relating to topics including reaction
engineering, process control and design, waste disposal, and electrochemical and biochemical
engineering. The final chapters cover aspects of patents and intellectual property, practical
communication, and ethical considerations that are most relevant to engineers. From fundamentals
to plant operations, Albright’s Chemical Engineering Handbook offers a thorough, yet succinct guide
to day-to-day methods and calculations used in chemical engineering applications. This handbook
will serve the needs of practicing professionals as well as students preparing to enter the field.

critical pressure definition chemistry: Supercritical and Other High-pressure Solvent
Systems Andrew ] Hunt, Thomas M Attard, 2018-08-27 This book brings together recent advances in
supercritical technology and other pressurised-solvent systems.

critical pressure definition chemistry: The Chief Laws and Theories of Chemistry Briefly
Stated John Bernard Ekeley, 1925

critical pressure definition chemistry: SAT Subject Test Chemistry Joseph A. Mascetta, Mark
Kernion, 2020-12-01 The updated edition of Barron's SAT Subject Test: Chemistry includes: A
full-length diagnostic test with explained answers Four practice tests that reflect the actual SAT
Subject Test Chemistry All questions answered and explained Detailed reviews covering all test
topics Appendixes, which include the Periodic Table; important equation, constant, and data tables;
and a glossary of chemistry terms Both teachers and test-taking students have praised earlier
editions of this manual for its wealth of well-organized detail. Subject reviewed include the
basics—matter, energy, scientific method, and measurements; atomic structure and the periodic
table; bonding; chemical formulas; gases and laws; stoichiometry; liquids, solids, and phase changes;
chemical reactions and thermochemistry; chemical reactions; chemical equilibrium; acids, bases,
and salts; oxidation-reduction; carbon and organic chemistry; and the laboratory. ONLINE
PRACTICE TESTS: Students who purchase this book or package will also get access to two
additional full-length online SAT Chemistry subject tests with all questions answered and explained.

critical pressure definition chemistry: Fundamentals of Physical Chemistry for Students of
Chemistry and Related Sciences Arnold Eucken, 1925

critical pressure definition chemistry: Physical Chemistry for Engineering and Applied
Sciences Frank R. Foulkes, 2012-09-12 Physical Chemistry for Engineering and Applied Sciences is
the product of over 30 years of teaching first-year Physical Chemistry as part of the Faculty of
Applied Science and Engineering at the University of Toronto. Designed to be as rigorous as
compatible with a first-year student’s ability to understand, the text presents detailed step-by-step
derivations of the equations that permit the student to follow the underlying logic and, of equal
importance, to appreciate any simplifying assumptions made or mathematical tricks employed. In
addition to the 600 exercises and end-of-chapter problems, the text is rich in worked non-trivial
examples, many of which are designed to be inspiring and thought-provoking. Step-by-step
derivation of all equations enables the student to smoothly follow the derivation by sight, and can be
understood relatively easily by students with moderate skills and backgrounds in mathematics. Clear
and accessible, Physical Chemistry for Engineering and Applied Sciences includes: The answers to
all of the 112 worked examples, 99 exercises following many of the worked examples, and 496
end-of-chapter problems Topics not normally seen in introductory physical chemistry textbooks
(ionic reaction rates, activities and activity coefficients) or not regularly explained in much detail
(electrochemistry, chemical kinetics), with an eye on industrial applications Special appendices that
provide detailed explanations of basic integration and natural logarithms for students lacking a
background in integral calculus An in-depth chapter on electrochemistry, in which activities and
activity coefficients are used extensively, as required for accurate calculations

critical pressure definition chemistry: Chemical Process Design and Simulation: Aspen
Plus and Aspen Hysys Applications Juma Haydary, 2019-01-23 A comprehensive and example
oriented text for the study of chemical process design and simulation Chemical Process Design and
Simulation is an accessible guide that offers information on the most important principles of




chemical engineering design and includes illustrative examples of their application that uses
simulation software. A comprehensive and practical resource, the text uses both Aspen Plus and
Aspen Hysys simulation software. The author describes the basic methodologies for computer aided
design and offers a description of the basic steps of process simulation in Aspen Plus and Aspen
Hysys. The text reviews the design and simulation of individual simple unit operations that includes
a mathematical model of each unit operation such as reactors, separators, and heat exchangers. The
author also explores the design of new plants and simulation of existing plants where conventional
chemicals and material mixtures with measurable compositions are used. In addition, to aid in
comprehension, solutions to examples of real problems are included. The final section covers plant
design and simulation of processes using nonconventional components. This important resource:
Includes information on the application of both the Aspen Plus and Aspen Hysys software that
enables a comparison of the two software systems Combines the basic theoretical principles of
chemical process and design with real-world examples Covers both processes with conventional
organic chemicals and processes with more complex materials such as solids, oil blends, polymers
and electrolytes Presents examples that are solved using a new version of Aspen software, ASPEN
One 9 Written for students and academics in the field of process design, Chemical Process Design
and Simulation is a practical and accessible guide to the chemical process design and simulation
using proven software.

critical pressure definition chemistry: A Text-book of Physical Chemistry, Theory and
Practice Arthur Woolsey Ewell, 1909

critical pressure definition chemistry: A Text-book of Inorganic Chemistry Victor von
Richter, 1885

critical pressure definition chemistry: Green Reaction Media in Organic Synthesis Koichi
Mikami, 2008-04-15 Green, sustainable chemistry involves the designing of chemicalprocesses with
a view to reducing or even eliminating the use andproduction of hazardous materials. Recent
endeavors have focused onlimiting the use of organic solvents and replacing them with
new,environmentally benign media. The chemical industry is interestedin these cost-effective,
alternative solvents and processes. This book provides a broad overview of the three most commonly
usedgreen reaction media. Directed at synthetic organic chemistsworking in academic and industrial
laboratories, it will also serveas a textbook for graduate courses on green chemistry.
Successfulgreen reactions are considered, and experimental sections at theends of the chapters
provide important practical details, withillustrations of potential applications. Sufficient information
isincluded to allow selection of the most appropriate medium.Extensively referenced, the volume
offers a point of entry into thedetailed literature.

critical pressure definition chemistry: CRC Handbook of Chemistry and Physics William
M. Haynes, 2016-06-22 Proudly serving the scientific community for over a century, this 97th edition
of the CRC Handbook of Chemistry and Physics is an update of a classic reference, mirroring the
growth and direction of science. This venerable work continues to be the most accessed and
respected scientific reference in the world. An authoritative resource consisting of tables of data and
current international recommendations on nomenclature, symbols, and units, its usefulness spans
not only the physical sciences but also related areas of biology, geology, and environmental science.
The 97th edition of the Handbook includes 20 new or updated tables along with other updates and
expansions. It is now also available as an eBook. This reference puts physical property data and
mathematical formulas used in labs and classrooms every day within easy reach.
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