
phase diagram of carbon dioxide

phase diagram of carbon dioxide is a graphical representation that illustrates the different phases of

carbon dioxide under varying conditions of temperature and pressure. This diagram is essential in

understanding how carbon dioxide behaves in natural and industrial processes, including its transitions

between solid, liquid, and gaseous states. The phase diagram of carbon dioxide is particularly unique

due to the presence of sublimation and critical points, which differ from many other substances. This

article explores the fundamental aspects of CO2’s phase behavior, the key features of its phase

diagram, and practical applications in fields such as refrigeration, supercritical extraction, and

environmental science. Additionally, it discusses the physical properties that influence these phase

changes and how the phase diagram guides the handling and utilization of carbon dioxide in various

technologies. The following sections offer a detailed overview of the phase diagram of carbon dioxide,

its critical points, and its significance in scientific and industrial contexts.
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Phase Transitions and Critical Points

Applications of the Carbon Dioxide Phase Diagram
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Understanding the Basics of the Phase Diagram of Carbon



Dioxide

The phase diagram of carbon dioxide is a two-dimensional graph plotting pressure against

temperature, showing the stable phases of CO2 under different conditions. It illustrates the regions

where carbon dioxide exists as a solid, liquid, or gas and the boundaries where phase transitions

occur. Unlike water, CO2 sublimates at atmospheric pressure, meaning it transitions directly from solid

to gas without passing through the liquid phase. This characteristic is prominently displayed in its

phase diagram, making it an important reference for scientists and engineers.

Definition and Purpose of Phase Diagrams

Phase diagrams serve as visual tools that map the equilibrium states of substances, indicating the

conditions under which phases coexist. For carbon dioxide, the phase diagram helps predict its

behavior under varying environmental or engineered conditions, which is crucial for processes like

CO2 sequestration and refrigeration.

Axes and Coordinates

In the phase diagram of carbon dioxide, the x-axis typically represents temperature (in degrees Celsius

or Kelvin), while the y-axis denotes pressure (usually in atmospheres or pascals). The diagram

delineates phase boundaries—lines that mark transitions between solid, liquid, and gas phases.

Key Features of the Carbon Dioxide Phase Diagram

The phase diagram of carbon dioxide contains several distinctive features that define its unique phase

behavior. These include the sublimation curve, triple point, critical point, and the regions representing

each phase. Understanding these features provides insight into CO2’s physical properties and its

practical applications.



Sublimation Curve

The sublimation curve in the phase diagram marks the conditions where CO2 transitions directly

between solid and gas phases. At pressures below the triple point, solid CO2 (dry ice) sublimates

without melting. This property is widely exploited in cooling and preservation technologies.

Triple Point

The triple point of carbon dioxide occurs at approximately 5.13 atm and -56.6°C, where solid, liquid,

and gas phases coexist in equilibrium. This point is significant because it represents the only set of

conditions where all three phases are stable simultaneously.

Critical Point

The critical point for carbon dioxide is at about 73.8 atm and 31.1°C. Beyond this temperature and

pressure, CO2 exists as a supercritical fluid, a phase that exhibits properties of both gases and liquids.

The supercritical region has important implications for extraction and material processing industries.

Phase Regions

The diagram clearly delineates areas corresponding to solid, liquid, and gas phases:

Solid Phase: Existing at low temperatures and moderate to high pressures.

Liquid Phase: Present between the triple point and critical point under specific pressure and

temperature ranges.

Gas Phase: Found at low pressures and higher temperatures.



Phase Transitions and Critical Points

The phase diagram of carbon dioxide highlights several critical phase transitions, each with unique

thermodynamic characteristics. These transitions are vital to understanding CO2’s behavior in natural

and engineered systems.

Sublimation and Deposition

Sublimation is the direct transition from solid to gas, occurring at pressures below the triple point.

Conversely, deposition is the reverse process where gaseous CO2 turns directly into solid dry ice.

These transitions are exploited in refrigeration and freeze-drying methods.

Melting and Freezing

At pressures above the triple point, CO2 can melt from solid to liquid or freeze from liquid to solid. The

melting point increases with pressure, and these transitions are important in high-pressure carbon

dioxide applications.

Boiling and Condensation

Carbon dioxide boils (liquid to gas) and condenses (gas to liquid) along the vaporization curve

between the triple point and critical point. These phase changes are fundamental to processes such as

carbon capture and storage technologies.

Supercritical Fluid Phase

Beyond the critical temperature and pressure, CO2 enters a supercritical fluid state, where it exhibits

enhanced diffusion rates and solvating properties. The supercritical phase is harnessed in applications

like decaffeination of coffee and supercritical fluid extraction.



Applications of the Carbon Dioxide Phase Diagram

The phase diagram of carbon dioxide serves as a foundational reference for numerous practical

applications across scientific and industrial domains. Understanding the phase behavior of CO2

enables optimized processes and safer handling.

Industrial Refrigeration and Dry Ice Production

Knowledge of the sublimation curve allows for the effective production and use of dry ice in cooling,

preservation, and transport of perishable goods. The phase diagram guides the conditions necessary

to maintain CO2 as solid dry ice.

Supercritical CO2 Extraction

The supercritical phase of CO2 is widely used in extraction processes owing to its non-toxic and

tunable solvent properties. Industries such as pharmaceuticals, food, and cosmetics benefit from this

environmentally friendly extraction method.

Carbon Capture and Storage (CCS)

Understanding the phase diagram is critical in CCS technologies, where CO2 is captured and stored in

geological formations. The diagram helps predict phase stability under subsurface temperature and

pressure conditions.

Environmental and Atmospheric Studies

Phase behavior data from the diagram aids climate scientists and environmental engineers in modeling

CO2 dynamics in the atmosphere and oceans, contributing to better predictions of greenhouse gas

impacts.



Physical Properties Influencing the Phase Behavior of Carbon

Dioxide

The phase diagram of carbon dioxide is shaped by its intrinsic physical properties, which determine

how CO2 responds to changes in temperature and pressure.

Molecular Structure and Interactions

CO2 is a linear, nonpolar molecule with strong double bonds between carbon and oxygen atoms. Its

molecular structure influences its melting, boiling, and sublimation points, as well as its critical

parameters.

Pressure-Temperature Relationship

The interplay between pressure and temperature governs the stability of each CO2 phase. Increasing

pressure generally raises melting and boiling points, as reflected in the phase diagram’s curves and

boundaries.

Density and Volume Changes

Phase transitions involve significant changes in density and volume. For example, solid CO2 (dry ice)

is denser than its gaseous form. These volumetric changes are important for designing containment

and processing equipment.

Thermodynamic Properties

Heat of fusion, heat of vaporization, and specific heat capacity are key thermodynamic properties that

influence phase transitions. The phase diagram integrates these properties to depict equilibrium

conditions accurately.



Linear molecular structure impacting phase stability

Pressure-dependent melting and boiling points

Density variations between solid, liquid, and gas phases

Thermodynamic parameters shaping phase boundaries

Frequently Asked Questions

What is a phase diagram of carbon dioxide?

A phase diagram of carbon dioxide is a graphical representation that shows the state (solid, liquid, or

gas) of carbon dioxide at different temperatures and pressures.

What are the main phases shown in the carbon dioxide phase

diagram?

The main phases shown are solid (dry ice), liquid CO2, and gaseous CO2.

At what conditions does carbon dioxide exist as a liquid?

Carbon dioxide exists as a liquid only between its triple point (5.1 atm and -56.6°C) and its critical

point (73.8 atm and 31.1°C).

What is the significance of the triple point in the carbon dioxide phase



diagram?

The triple point is the unique combination of temperature and pressure (5.1 atm and -56.6°C) where

solid, liquid, and gas phases of CO2 coexist in equilibrium.

Why does carbon dioxide sublimate at atmospheric pressure?

At atmospheric pressure (1 atm), CO2 does not exist as a liquid; it transitions directly from solid (dry

ice) to gas, a process called sublimation.

What is the critical point of carbon dioxide and why is it important?

The critical point of CO2 is at 31.1°C and 73.8 atm, above which CO2 becomes a supercritical fluid

with unique properties used in industrial applications like supercritical extraction.

How does pressure affect the phase transitions of carbon dioxide?

Increasing pressure can convert gaseous CO2 to liquid or solid, while decreasing pressure favors

gaseous or sublimated phases; the phase diagram maps these transitions.

Can carbon dioxide exist as a liquid at room temperature?

No, carbon dioxide cannot exist as a liquid at room temperature (around 25°C) unless the pressure is

above its critical pressure (73.8 atm). Otherwise, it will be a gas.

How is the phase diagram of carbon dioxide used in industrial

applications?

It helps determine the appropriate temperature and pressure for processes like CO2 capture, storage,

refrigeration, and supercritical fluid extraction.



Additional Resources

1. Phase Equilibria in Carbon Dioxide Systems

This book provides a comprehensive overview of the phase behavior of carbon dioxide in various

conditions, including temperature and pressure ranges relevant to industrial applications. It covers

experimental methods, thermodynamic models, and practical implications for CO2 capture and storage.

The text is ideal for researchers and engineers working with supercritical fluids and phase transitions.

2. Thermodynamics and Phase Diagrams of Carbon Dioxide

Focusing on the fundamental thermodynamic principles, this book explores the phase diagrams of

carbon dioxide in detail. It discusses solid, liquid, gas, and supercritical phases and their transitions,

supported by theoretical models and experimental data. Readers will find valuable insights into the

critical points and triple points of CO2.

3. Carbon Dioxide: Phase Transitions and Industrial Applications

This title links the scientific understanding of CO2 phase diagrams with practical industrial uses such

as refrigeration, extraction, and enhanced oil recovery. It includes chapters on phase behavior under

various environmental conditions and the impact on process design. The book is suited for both

academics and industry professionals.

4. Supercritical Carbon Dioxide: Properties and Phase Behavior

Dedicated to the supercritical phase of carbon dioxide, this book delves into its unique properties and

phase boundaries. It explains how supercritical CO2 is utilized in green chemistry and environmentally

friendly processes. Detailed phase diagrams and property tables make it a useful reference for

scientists and engineers.

5. Phase Diagrams and Thermophysical Properties of Carbon Dioxide Mixtures

This book extends the discussion to mixtures involving carbon dioxide, such as CO2 with water,

methane, or other gases. It presents phase diagrams, solubility data, and thermophysical properties

critical for understanding multiphase systems. It is particularly relevant for researchers in environmental

science and chemical engineering.



6. Experimental Techniques for Determining Carbon Dioxide Phase Diagrams

Focusing on the methodologies used to map out phase diagrams, this book covers experimental

setups, measurement technologies, and data analysis techniques specific to CO2. It offers guidance

on overcoming challenges in high-pressure and low-temperature experiments. The text is valuable for

laboratory scientists and instrumentation specialists.

7. Carbon Dioxide Phase Behavior in Geological Storage

This book explores the phase behavior of carbon dioxide under subsurface conditions relevant to

carbon capture and sequestration. It discusses how phase diagrams influence CO2 plume migration,

trapping mechanisms, and long-term stability. Geoscientists and environmental engineers will find this

work essential for understanding CO2 storage dynamics.

8. Modeling and Simulation of Carbon Dioxide Phase Diagrams

Covering computational approaches, this book discusses how molecular dynamics, Monte Carlo

simulations, and thermodynamic models are used to predict CO2 phase behavior. It compares various

modeling techniques and validates them against experimental phase diagrams. This resource is ideal

for computational chemists and process modelers.

9. Carbon Dioxide Phase Transitions: Fundamentals and Applications

This comprehensive text covers the basic science of CO2 phase transitions along with a wide range of

applications, from food processing to pharmaceuticals. It includes detailed phase diagrams and

explains how phase changes affect material properties and process efficiencies. Suitable for students,

researchers, and practitioners alike.
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