
system in chemistry definition

system in chemistry definition refers to a fundamental concept that delineates the specific portion of

matter under study in any chemical or physical process. It is essential for understanding how

substances interact, transform, and exchange energy with their surroundings. In chemistry, the system

is distinct from its surroundings, which together constitute the universe. This definition plays a pivotal

role in thermodynamics, reaction mechanisms, and material science. Recognizing the type of

system—whether open, closed, or isolated—helps predict and analyze chemical behavior and energy

flow. This article explores the system in chemistry definition comprehensively, including its

classification, boundaries, and applications across various chemical disciplines.

Understanding the System in Chemistry

Types of Chemical Systems

Boundaries and Surroundings

Importance in Thermodynamics

Applications of Chemical Systems

Understanding the System in Chemistry

The system in chemistry refers to the specific part of the universe chosen for analysis. It is the focus of

observation or experimentation and includes the substances and phases involved in a chemical

process or physical transformation. Everything outside the system is considered the surroundings,

which can influence or be influenced by the system through energy or matter exchange. Defining the



system clearly is crucial because it establishes the limits for measuring physical and chemical

properties such as energy, mass, temperature, and pressure.

Definition and Scope

A system may be as small as a single atom or molecule or as large as a reaction vessel containing

multiple reactants and products. The scope of a system depends on the context of the study and the

nature of the chemical process. By isolating a system, chemists can apply laws of conservation,

analyze reaction equilibrium, and understand energy transformations more precisely. Identifying the

system’s boundaries allows for controlled experimentation and accurate data interpretation.

Relation to the Universe

In chemical terms, the universe is composed of the system plus its surroundings. This distinction helps

in thermodynamic calculations where energy and matter transfers are considered. The universe is a

closed entity with constant total energy and mass, while the system may exchange either or both with

its surroundings depending on its classification. Understanding this relationship is fundamental in

predicting reaction spontaneity and system stability.

Types of Chemical Systems

Chemical systems are generally classified based on the interaction of matter and energy with their

surroundings. The classification helps in selecting appropriate models for thermodynamic analysis and

experimental design. The three primary types of systems are open, closed, and isolated systems, each

characterized by specific exchange capabilities.

Open System

An open system can exchange both matter and energy with its surroundings. This type of system is



common in many natural and industrial processes where reactants and products flow in and out freely.

Examples include a boiling pot without a lid or a biological cell interacting with its environment. Open

systems are dynamic and often operate under non-equilibrium conditions.

Closed System

A closed system permits energy transfer but does not allow matter to cross its boundaries. This type of

system is widely used in calorimetry and other controlled experiments where the mass remains

constant, but heat or work can be exchanged. For instance, a sealed container undergoing a chemical

reaction is considered a closed system. Understanding energy exchange in closed systems is critical

for thermodynamic calculations.

Isolated System

An isolated system does not exchange matter or energy with its surroundings. This idealized concept

is useful for theoretical studies, providing baseline models where total energy and mass remain

constant. An example is a perfectly insulated thermos flask that prevents heat and matter exchange.

Although perfect isolation is challenging to achieve practically, the isolated system concept aids in

understanding fundamental conservation laws.

Boundaries and Surroundings

The boundary of a system defines the interface between the system and its surroundings. It

determines what is included in the system and what is external to it. Boundaries can be physical or

imaginary, fixed or movable, rigid or flexible, depending on the nature of the system and the process

under study.



Types of Boundaries

Boundaries are critical in defining the limits of the system and influence the type of exchange possible:

Fixed Boundaries: Do not move or change shape, common in rigid containers.

Movable Boundaries: Can expand or contract, such as pistons in engines.

Permeable Boundaries: Allow transfer of matter and/or energy.

Impermeable Boundaries: Prevent transfer of matter or energy.

Role of Surroundings

The surroundings encompass everything outside the system boundary and provide the context for

interactions. They can absorb or supply energy and matter, impacting the system’s behavior. The

nature of the surroundings and their interaction with the system is a fundamental consideration in

thermodynamics, reaction kinetics, and process engineering.

Importance in Thermodynamics

The concept of the system is foundational in chemical thermodynamics, where it helps analyze energy

changes and predict the direction of chemical reactions. Thermodynamic laws apply specifically to

systems, and understanding the system’s classification guides the application of these laws.

Energy Exchange

Thermodynamics studies how energy in the form of heat and work is transferred between the system



and surroundings. Depending on the system type, these exchanges vary:

Open systems exchange both energy and matter.

Closed systems exchange energy but not matter.

Isolated systems exchange neither energy nor matter.

These exchanges determine whether a process is endothermic or exothermic and influence reaction

feasibility and equilibrium.

State Functions and Processes

State functions such as enthalpy, entropy, and internal energy describe the properties of a system at

equilibrium. Understanding the system’s boundaries and exchanges allows chemists to calculate

changes in these functions during chemical reactions and physical transformations. This understanding

is essential for designing efficient chemical processes and optimizing reaction conditions.

Applications of Chemical Systems

The system concept is applied across various branches of chemistry and related sciences. It provides

a framework for studying complex phenomena in a controlled and systematic manner.

Chemical Reactions and Equilibrium

Defining the system in reaction studies helps isolate reactants and products for analysis. It enables the

calculation of equilibrium constants, reaction rates, and energy changes, facilitating the understanding

of reaction mechanisms and optimization of industrial processes.



Material Science and Engineering

In material science, systems are used to study phase changes, alloy formation, and thermal properties.

By controlling system boundaries and conditions, scientists can tailor material characteristics for

specific applications such as catalysis, electronics, and structural components.

Environmental Chemistry

Environmental processes often involve open systems where matter and energy exchange with the

surroundings continuously. Understanding these systems helps in modeling pollutant dispersion,

nutrient cycles, and energy flow in ecosystems, contributing to environmental protection and

sustainability efforts.

Frequently Asked Questions

What is a system in chemistry?

In chemistry, a system refers to the specific part of the universe that is being studied or observed,

often separated by boundaries from its surroundings.

What are the types of systems in chemistry?

In chemistry, systems are classified as open, closed, or isolated based on whether they can exchange

matter and/or energy with their surroundings.

What is the difference between a system and its surroundings in

chemistry?

The system is the portion of the universe under study, while the surroundings include everything

outside the system that can interact with it.



How does a closed system differ from an open system in chemistry?

A closed system can exchange energy but not matter with its surroundings, whereas an open system

can exchange both energy and matter.

What is an isolated system in chemistry?

An isolated system does not exchange either matter or energy with its surroundings, making it

completely self-contained.

Why is defining the system important in a chemical experiment?

Defining the system helps specify the exact part of the universe to focus on, allowing accurate analysis

of energy and matter changes during the experiment.

Can the system boundary be real or imaginary in chemistry?

Yes, the boundary of a system can be either real (physical) or imaginary, depending on how the

system is defined for study.

How does the concept of a system relate to thermodynamics in

chemistry?

The concept of a system is fundamental in thermodynamics, as it helps analyze energy changes and

transfers between the system and its surroundings.

Give an example of a system in a chemical reaction.

In a chemical reaction occurring in a beaker, the reactants and products inside the beaker constitute

the system, while the beaker's exterior is the surroundings.



Additional Resources

1. Introduction to Chemical Systems: Fundamentals and Applications

This book provides a comprehensive overview of chemical systems, focusing on their definitions,

classifications, and practical applications. It covers the principles that govern system boundaries,

components, and interactions within chemical processes. Ideal for students and professionals, it

bridges theoretical concepts with real-world chemical engineering problems.

2. Thermodynamics of Chemical Systems

Delving into the thermodynamic principles underlying chemical systems, this book explains how energy

and matter interact within defined boundaries. It explores concepts such as open, closed, and isolated

systems, emphasizing their role in chemical reactions and phase equilibria. The text is enriched with

mathematical models and examples to enhance understanding.

3. Chemical Reaction Systems: Theory and Practice

Focusing on the dynamics of chemical reaction systems, this book discusses how systems are defined

and analyzed in the context of reaction kinetics and mechanisms. It highlights the importance of

system boundaries and the influence of external factors on reaction behavior. Readers will gain

insights into designing and optimizing chemical reactors.

4. Systems Approach to Chemical Engineering

This title introduces a systematic methodology for analyzing and designing chemical engineering

processes. It stresses the importance of defining system parameters and boundaries to understand

complex chemical interactions. The book integrates concepts from control systems, process

engineering, and chemistry to provide a holistic view.

5. Environmental Chemical Systems: Definitions and Dynamics

Exploring chemical systems from an environmental perspective, this book examines how natural and

anthropogenic systems interact chemically. It defines system boundaries in ecosystems and pollution

models, addressing the transport and transformation of chemical species. The text is useful for

environmental scientists and engineers interested in system analysis.



6. Statistical Mechanics of Chemical Systems

This book connects the microscopic behavior of molecules with macroscopic system properties,

offering a clear definition of chemical systems through the lens of statistical mechanics. It covers

ensemble theory, partition functions, and the role of fluctuations in system behavior. Advanced

students and researchers will find this resource invaluable for theoretical studies.

7. Computational Modeling of Chemical Systems

Focusing on the use of computational tools to define and simulate chemical systems, this book

discusses how system boundaries and components are represented in models. It includes chapters on

molecular dynamics, quantum chemistry, and process simulation software. The work serves as a guide

for chemists and engineers using computational approaches.

8. Chemical Systems and Control Theory

This text explores the intersection of chemical systems and control theory, emphasizing the importance

of defining system parameters for effective process control. It covers feedback mechanisms, stability

analysis, and system response in chemical reactors. The book is ideal for those interested in process

automation and optimization.

9. Physical Chemistry of Systems and Interfaces

Addressing the physical chemistry aspects of chemical systems, this book defines systems in terms of

phases, interfaces, and surface phenomena. It explains how system boundaries influence properties

like adsorption, catalysis, and phase transitions. The content is tailored for students and researchers

studying interfacial chemistry and material science.
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C. Clark, 2023-05-09 Systems thinking/analysis is widely applied for solving complex problems in
engineering and certain other fields. Astrobiology, which inherently involves complex problems, can
benefit from such an approach. This book provides the background and methodology of this
approach for professionals, upper-level undergraduate students, and others with an interest in
astrobiology topics. In addition, this book constitutes a valuable resource not only for astrobiology,
but also for its foundational disciplines, e.g., chemistry, physics, astronomy, biology, biochemistry,
geology, and planetary geology. Features Surveys of the systems approach to analyzing and
understanding multifaceted, complex problems in astrobiology, written by two scientists who also
have engineering backgrounds Systems applications to areas important to astrobiology, such as
chemical evolution, prebiotic chemistry, geochemical/geophysical settings conducive to emergence
of life, robotic space exploration, and much more Wide appeal for all readers interested in the origin
and occurrence of life in our Solar System and beyond.
  system in chemistry definition: A Dictionary of Chemistry John Daintith, 2008-02-21 Fully
revised and updated, the sixth edition of this popular dictionary is the ideal reference resource for
students of chemistry, either at school or at university. With over 4,700 entires - over 200 new to
this edition - it covers all aspects of chemistry, from physical chemistry to biochemistry. The sixth
edition boasts broader coverage in subject areas such as forensics, metallurgy, materials science,
and geology, increasing the dictionary's appeal to students in these related fields. There are also
biographical entries on key figures, highlighted entries on major topics such as polymers and crystal
defects, and a chronology charting the main discoveries in atomic theory, biochemistry, explosives,
and plastics.
  system in chemistry definition: Decision Making in Systems Engineering and
Management Patrick J. Driscoll, Gregory S. Parnell, Dale L. Henderson, 2022-10-25 DECISION
MAKING IN SYSTEMS ENGINEERING AND MANAGEMENT A thoroughly updated overview of
systems engineering management and decision making In the newly revised third edition of Decision
Making in Systems Engineering and Management, the authors deliver a comprehensive and
authoritative overview of the systems decision process, systems thinking, and qualitative and
quantitative multi-criteria value modeling directly supporting decision making throughout the
system lifecycle. This book offers readers major new updates that cover recently developed system
modeling and analysis techniques and quantitative and qualitative approaches in the field, including
effective techniques for addressing uncertainty. In addition to Excel, six new open-source software
applications have been added to illustrate key topics, including SIPmath Modeler Tools, Cambridge
Advanced Modeller, SystemiTool2.0, and Gephi 0.9.2. The authors have reshaped the book’s
organization and presentation to better support educators engaged in remote learning. New
appendices have been added to present extensions for a new realization analysis technique and
getting started steps for each of the major software applications. Updated illustrative examples
support modern system decision making skills and highlight applications in hardware, organizations,
policy, logistic supply chains, and architecture. Readers will also find: Thorough introductions to
working with systems, the systems engineering perspective, and systems thinking In-depth
presentations of applied systems thinking, including holism, element dependencies, expansive and
contractive thinking, and concepts of structure, classification, and boundaries Comprehensive
explorations of system representations leading to analysis In-depth discussions of supporting system
decisions, including the system decision process (SDP), tradespace methods, multi-criteria value
modeling, working with stakeholders, and the system environment Perfect for undergraduate and
graduate students studying systems engineering and systems engineering management, Decision
Making in Systems Engineering and Management will also earn a place in the libraries of practicing
system engineers and researchers with an interest in the topic.
  system in chemistry definition: Dictionary of Chemistry Andrew Hunt, 2014-04-08 This
Dictionary provides an explanation of the main ideas of and concepts central to chemistry. Each
entry in this A-Z resource begins with a clear, one-sentence definition that explains why the term is
important. These sentences are followed by a fuller explanation and, where appropriate, examples,



diagrams, tables and equations. Key terms such as inorganic chemistry, organic chemistry, physical
chemistry, the chemical industry, and qualitative analysis tell the user about the main features of
important aspects of chemistry, with cross-references leading to related terms in each field. Other
entries give a historical perspective, showing in outline how important themes of chemistry have
developed.
  system in chemistry definition: Macmillan Dictionary of Chemistry D. Brynn Hibbert, A.M.
James, 1987-09-17
  system in chemistry definition: Encyclopedia of Astrobiology Muriel Gargaud, William M.
Irvine, Ricardo Amils, Philippe Claeys, Henderson James Cleaves, Maryvonne Gerin, Daniel Rouan,
Tilman Spohn, Stéphane Tirard, Michel Viso, 2023-07-27 Now in its third edition the Encyclopedia of
Astrobiology serves as the key to a common understanding in the extremely interdisciplinary
community of astrobiologists. Each new or experienced researcher and graduate student in adjacent
fields of astrobiology will appreciate this reference work in the quest to understand the big picture.
The carefully selected group of active researchers contributing to this work are aiming to give a
comprehensive international perspective on and to accelerate the interdisciplinary advance of
astrobiology. The interdisciplinary field of astrobiology constitutes a joint arena where provocative
discoveries are coalescing concerning, e.g. the prevalence of exoplanets, the diversity and hardiness
of life, and its chances for emergence. Biologists, astrophysicists, (bio)-chemists, geoscientists and
space scientists share this exciting mission of revealing the origin and commonality of life in the
Universe. With its overview articles and its definitions the Encyclopedia of Astrobiology not only
provides a common language and understanding for the members of the different disciplines but
also serves for educating a new generation of young astrobiologists who are no longer separated by
the jargon of individual scientific disciplines. This new edition offers ~170 new entries. More than
half of the existing entries were updated, expanded or supplemented with figures supporting the
understanding of the text. Especially in the fields of astrochemistry and terrestrial extremophiles but
also in exoplanets and space sciences in general there is a huge body of new results that have been
taken into account in this new edition. Because the entries in the Encyclopedia are in alphabetical
order without regard for scientific field, this edition includes a section “Astrobiology by Discipline”
which lists the entries by scientific field and subfield. This should be particularly helpful to those
enquiring about astrobiology, as it illustrates the broad and detailed nature of the field.
  system in chemistry definition: Textbook of Physical Chemistry Azariah Thomas Lincoln, 1920
  system in chemistry definition: A System of Physical Chemistry William Cudmore McCullagh
Lewis, 1925
  system in chemistry definition: The History and Heritage of Scientific and Technological
Information Systems W. Boyd Rayward, Mary Ellen Bowden, 2004 Emphasis for the second
conference on the history of information science systems was on scientific and technical information
systems in the period from the Second World War up through the early 1990s. These proceedings
present the papers of historians of science and technology, information scientists, and scientists in
other fields on a wide range of topics: informatics in chemistry; biology and medicine; information
developments in multinational, industrial, and military settings; biographical studies of pioneering
individuals; and the transformation of information systems and formats in the twentieth century.
  system in chemistry definition: Chambers's Encyclopaedia. A Dictionary of Universal
Knowledge ... (on the Basis of the Latest Edition of the German Conversations Lexicon); Illustrated
with Maps and ... Engravings Encyclopaedias, 1868
  system in chemistry definition: Traceability in Chemical Measurement Paul De Bièvre,
Helmut Günzler, 2005-01-12 Metrological traceability of chemical measurement results means the
establishment of a relation to metrological stated references through an unbroken chain of
comparisons. This volume collects 56 outstanding papers on the topic, mostly published in the period
2000-2003 in the journal Accreditation and Quality Assurance. They provide the latest
understanding, and possibly the rationalenbsp;why it is important to integrate the concept of
metrological traceability including suitable measurement standards such as certified reference



materials, into the standard measurement procedures of every analytical laboratory. In addition, this
anthology considers the benefits to both the analytical laboratory and the user of the measurement
results.
  system in chemistry definition: Separation and Identification of the Silt-sized
Heavy-mineral Fraction in Sediments Judith A. Commeau, Lawrence J. Poppe, R. F. Commeau,
Geological Survey (U.S.), 1992 See journals under US Geological survey. Circular 1071.
  system in chemistry definition: 1991 Annual Report on Alaska's Mineral Resources , 1991
  system in chemistry definition: Methods in Systems Biology Daniel Jameson, Malkhey Verma,
Hans Westerhoff, 2011-09-26 Systems biology is a term used to describe a number of trends in
bioscience research and a movement that draws on those trends. This volume in the Methods in
Enzymology series comprehensively covers the methods in systems biology. With an international
board of authors, this volume is split into sections that cover subjects such as machines for systems
biology, protein production and quantification for systems biology, and enzymatic assays in systems
biology research. This volume in the Methods in Enzymology series comprehensively covers the
methods in systems biology With an international board of authors, this volume is split into sections
that cover subjects such as machines for systems biology, protein production and quantification for
systems biology, and enzymatic assays in systems biology research
  system in chemistry definition: Systems Biology Lilia Alberghina, Hans V. Westerhoff,
2007-10-04 For life to be understood and disease to become manageable, the wealth of postgenomic
data now needs to be made dynamic. This development requires systems biology, integrating
computational models for cells and organisms in health and disease; quantitative experiments
(high-throughput, genome-wide, living cell, in silico); and new concepts and principles concerning
interactions. This book defines the new field of systems biology and discusses the most efficient
experimental and computational strategies. The benefits for industry, such as the new
network-based drug-target design validation, and testing, are also presented.
  system in chemistry definition: Encyclopedia of Volcanoes Haraldur Sigurdsson, Bruce
Houghton, Hazel Rymer, John Stix, Steve McNutt, 1999-10-23 Volcanoes are unquestionably one of
the most spectacular and awe-inspiring features of the physical world. Our paradoxical fascination
with them stems from their majestic beauty and powerful, if sometimes deadly, destructiveness.
Notwithstanding the tremendous advances in volcanology since ancient times, some of the mystery
surrounding volcanic eruptions remains today. The Encyclopedia of Volcanoes summarizes our
present knowledge of volcanoes. Through its thematic organization around the melting of the earth,
it provides a comprehensive source of information on the multidisciplinary influences of volcanic
eruptions--both the destructive as well as the beneficial aspects.The majority of the chapters focus
on the geoscience-related aspects of volcanism (radioactive heat source, melting rock, ascent of
magma, surface phenomena associated with exiting magma, extraterrestrial volcanism, etc.). In
addition, complementary chapters discuss the multidisciplinary aspects of volcanism; these include
the history of volcanology, geothermal energy resources, interaction with the oceans and
atmosphere, health aspects of volcanism, mitigation of volcanic disasters, post-eruption ecology, and
the impact of eruptions on organismal biodiversity. In addition to its appeal to educators, students,
and professional and amateur scientists, the Encyclopedia of Volcanoes functions as an important
information resource for administrators and officials responsible for developing and implementing
volcanic hazard mitigation around the world.* The first and only reference work to cover all aspects
of volcanology* More than 80 separate peer-reviewed articles--all original contributions by leading
authors from major institutions of science around the world, commissioned for this work* An
integrated transition from the volcanic process through hazards, risk, and societal impacts, with an
emphasis on how volcanoes have influenced and shaped society* Convenient single-volume format
with topics arranged thematically--articles provide coverage of nine different aspects of volcanology*
Each entry in the Encyclopedia begins with an outline of the article content and a concise definition
of the subject of the article* 3,000 Glossary entries explain key terms* Further Reading lists appear
at the end of each entry* Extensive cross-referencing system links related articles* Sixteen pages of



color will convey the science and excitement of this often violent phenomena * Large 8 1/2 x 11 page
size, easy-to-read double-column format
  system in chemistry definition: Encyclopaedic Dictionary of Information Technology
and Systems A.E. Cawkell, 2013-10-10 No detailed description available for Encyclopaedic
Dictionary of Information Technology and Systems.
  system in chemistry definition: Electrochemistry of Functional Supramolecular Systems
Paola Ceroni, Alberto Credi, Margherita Venturi, 2010-01-19 With contributions from the most
prominent experts around the world, this resource provides an accessible summary of
electrochemical techniques and the applications of electrochemical concepts to molecular-level
systems. It describes the most important electro-active functional supramolecular systems developed
so far, including rotaxanes and catenanes as molecular machines and as elements for information
processing; dendrimers as molecular batteries, sensors, light harvesting antennae, and drug delivery
systems; and bio-hybrid devices.
  system in chemistry definition: U.S. Geological Survey Circular , 1992
  system in chemistry definition: Academic Press Dictionary of Science and Technology
Christopher G. Morris, Academic Press, 1992-08-27 A Dictonary of Science and Technology. Color
Illustration Section. Symbols and Units. Fundamental Physical Constants. Measurement Conversion.
Periodic Table of the Elements. Atomic Weights. Particles. The Solar System. Geologial Timetable.
Five-Kingdom Classification of Organisms. Chronology of Modern Science. Photo Credits.
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