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Open	system	and	closed	system	in	thermodynamics

The	amount	of	heat	absorbed	from	the	environment	in	order	to	keep	the	temperature	of	the	battery	constant	(represented	by	the	TΔS	term)	and	any	work	done	against	the	atmosphere	(represented	by	the	PΔV	term)	are	automatically	taken	into	account	in	the	energy	balance.	The	cup	also	will	feel	warm;	this	indicates	that	energy	is	coming	outside	as
thermal	energy.	So,	there	is	no	exchange	of	matter.	The	gas	molecules	in	the	air	also	cannot	enter	the	cup	because	of	the	lid.	Closed	System:	The	boundary	of	a	closed	system	is	completely	closed.	can	be	considered	as	closed	system	for	practical	cases.	For	example,	the	earth	can	be	recognized	as	an	open	system.	Everything	in	this	universe	external	to
the	system	is	called	surroundings.	Figure	2:	The	covered	pot	is	an	example	of	a	closed	system	since	it	cannot	exchange	matter	with	the	surrounding	because	of	the	lid.	Boundary	of	the	System	Open	System:	Open	systems	have	boundaries	which	are	not	closed.	This	is	because	the	system	has	shared	heat	energy	with	the	surrounding	until	the
temperature	of	the	system	becomes	equal	to	the	temperature	of	the	surrounding.	We	use	cars	and	bikes	in	our	daily	routine	to	travel.	Key	Areas	Covered	1.	The	inner	surfaces	of	the	cylinder	and	piston	are	considered	as	the	boundary.	Energy	can	be	exchanged	or	transferred	as	potential	energy	or	kinetic	energy.	However,	if	the	path	is	specified	to	be
any	reversible	isothermal	process,	then	the	heat	associated	with	the	maximum	work	(Wmax)	is	Qmax	=	TΔS.	Isolated	System	A	system	which	cannot	exchange	matter	or	energy	with	the	surroundings	is	known	as	an	isolated	system.	Exchange	of	matter	between	the	open	system	and	the	surrounding	occurs	easily.	In	thermodynamic	terms,	energy
exchange	is	characterized	by	potential	energy,	kinetic	energy,	and	thermal	energy.		If	this	system	is	kept	at	a	normal	temperature	for	a	long	time,	it	can	be	observed	that	the	cup,	lid	or	water	is	no	longer	warm.	References:	1.”A	System	and	Its	Surroundings.”	Chemistry	LibreTexts.	Practically,	the	matter	inside	a	flask	having	inbuild	radiation	shields
can	be	considered	as	isolated	system.	A	system	is	a	part	of	the	universe	which	is	being	studied	and	surrounding	is	the	rest	of	the	universe	other	than	that	particular	system.	Notice	in	particular	that	the	entropy	can	now	spontaneously	decrease	(i.e.,	TΔS	can	be	negative),	provided	that	this	decrease	is	more	than	offset	by	the	ΔU	+	PΔV	terms	in	the
definition	of	ΔG.	The	change	between	these	two	states	is	the	maximum	amount	of	electrical	work	that	can	be	extracted	from	the	battery	at	constant	temperature	and	pressure.	But	energy	can	be	transferred	mostly	as	heat	or	thermal	energy.	The	margin	of	the	system	which	separates	it	from	the	surrounding	is	called	boundary.	Nuclear	power,
electronic	heat	sink	and	rocket	launch	involve	thermodynamics.	Example:	If	the	piston	and	cylinder	arrangement	in	which	the	fluid	like	air	or	gas	is	being	compressed	or	expanded	is	insulated,	it	becomes	an	isolated	system.	Web.	The	Zeroth	law	of	thermodynamics	states	that	“if	two	thermodynamic	systems	are	in	thermal	equilibrium	with	a	third
system	separately,	then	they	are	in	thermal	equilibrium	with	each	other.”.	If	matter	is	added,	the	mass	will	increase	and	if	matter	is	removed,	the	mass	will	decrease.	Thermodynamic	system	is	defined	as	a	definite	quantity	of	matter	or	a	region	in	space	upon	which	attention	is	concentrated	for	the	analysis	of	a	problem.	16	June	2017.2.”Open,	Closed
and	Isolated	Systems	in	Physical	Chemistry.”	Foundations	of	Physical	Science.	Recall	that	the	internal	energy	change	(ΔU)	of	a	system	is	given	by	ΔU	=	Q	−	W,	(7)	where	Q	is	the	heat	absorbed	and	W	is	the	work	done.	“coffee	steam	2”	by	waferboard	(CC	BY	2.0)	via	Flickr	Kinetic	energy	is	the	energy	carrying	by	an	object	while	moving.	As	previously
established,	the	quantity	−Wmax	=	ΔU	−	TΔS	(11)	is	a	state	function	equal	to	the	change	in	the	Helmholtz	free	energy.	For	example,	a	stationary	object	can	exchange	heat	with	the	surrounding.	The	system	which	involves	the	processing	of	heat	and	converting	it	to	useful	work	involves	thermodynamic	processes.	This	does	not	represent	a	violation	of
the	second	law	of	thermodynamics,	because	a	living	organism	does	not	constitute	a	closed	system.	When	the	battery	is	fully	charged,	its	Gibbs	free	energy	is	at	a	maximum,	and	when	it	is	fully	discharged	(i.e.,	dead),	its	Gibbs	free	energy	is	at	a	minimum.	The	below	figure	shows	the	thermodynamic	system,	surroundings	and	boundary	concept.	The
Zeroth	law	of	thermodynamics	states	that	thermodynamic	processes	do	not	affect	the	total	energy	of	the	system.	For	example,	if	a	warm	cup	of	water	is	covered	by	placing	a	lid	on	the	top	of	the	cup,	then	steam	cannot	escape	the	system	because	of	the	lid.	System	and	surrounding	are	two	basic	terms	used	in	thermodynamics.	In	this	article,	let	us
study	in	detail	the	thermodynamic	system	and	its	types.	It	is	for	the	description	of	these	cases	that	the	Gibbs	free	energy	was	introduced.	Closed	System:	Closed	systems	cannot	exchange	matter	with	the	surrounding.	Conclusion	Everywhere	in	the	environment,	there	are	interactions	between	systems	and	their	surroundings.	The	surroundings	contain
everything	other	than	the	system.	Therefore,	in	a	closed	system,	the	mass	remains	constant	because	the	matter	cannot	be	removed	or	added.	In	order	to	simplify	the	application	of	the	laws	of	thermodynamics	to	open	systems,	parameters	with	the	dimensions	of	energy,	known	as	thermodynamic	potentials,	are	introduced	to	describe	the	system.
Example:	Reactants	are	present	in	a	thermos	flask	or	an	insulated	vessel,	where	neither	energy	nor	matter	is	exchanged	with	the	environment.	Internal	Mass	Open	System:	The	mass	of	the	system	will	vary	with	time	in	open	systems.	Due	to	the	capability	of	exchanging	matter	between	open	system	and	surrounding,	the	internal	mass	of	an	open	system
varies	with	time.	Here	the	boundary	is	an	imaginary	surface	enclosing	the	beaker	and	reactants.	As	with	the	Helmholtz	case,	when	the	Gibbs	free	energy	reaches	its	minimum	value,	the	system	has	reached	its	equilibrium	state,	and	no	further	work	can	be	extracted	from	it.	Example:	A	steam	turbine,	a	pool	filled	with	water,	where	the	water	can	enter
or	leave	the	pool.	The	main	difference	between	open	and	closed	system	is	that,	in	open	system,	matter	can	be	exchanged	with	the	surrounding	whereas,	in	a	closed	system,	matter	cannot	be	exchanged	with	the	surrounding.	Energy	is	exchanged	as	heat	or	any	other	form.	Example:	In	a	car,	the	engine	burns	gasoline	inside	the	cylinder	and	is
considered	as	a	thermodynamic	system;	the	radiator,	piston,	exhaust	system	and	air	outside	form	the	environment	of	the	system.	Thermodynamics	is	a	branch	of	physics	which	explains	the	energy	transfer	between	objects	and	surrounding.	Example:	Reactants	placed	in	a	closed	vessel	made	of	materials	like	steel,	copper,	and	silver	are	an	ideal
example	of	a	closed	system	since	the	material	of	the	vessel	is	conducting	in	nature.	To	keep	them	going,	we	fill	in	petrol	or	diesel	as	per	the	design	of	the	vehicle.	N.p.,	n.d.	Web.	Thermodynamics	is	the	branch	of	science	that	deals	with	heat	and	temperature	and	the	inter-conversion	of	heat	and	other	forms	of	energy.	“345707”	(Public	Domain)	via
Pixabay2.	Thus,	the	equilibrium	condition	becomes	the	condition	of	minimum	Gibbs	free	energy	for	open	systems	held	at	constant	temperature	and	pressure,	and	the	direction	of	spontaneous	change	is	always	toward	a	state	of	lower	free	energy	for	the	system	(like	a	ball	rolling	downhill	into	a	valley).	Thermodynamics	is	a	branch	of	physics	which
explains	the	energy	transfer	between	objects	and	surrounding.	Since	thermodynamics	deals	with	the	bulk	system	and	does	not	deal	with	the	molecular	constitution	of	matter,	it	is	known	as	macroscopic	science.	Thermal	energy	or	heat	is	also	exchanged	between	open	systems	and	their	surroundings.	Thermodynamic	systems	can	exchange	energy	or
matter	with	the	external	environment	and	can	also	undergo	internal	transformations.	For	example,	chemical	reactions	in	an	open	test	tube—or	in	the	growth	of	a	tomato	in	a	garden—take	place	under	conditions	of	(nearly)	constant	atmospheric	pressure.	But	sometimes,	potential	energy	can	be	converted	into	kinetic	energy	or	the	opposite	can	occur.
Every	interaction	between	the	system	and	surroundings	occurs	across	the	boundary.	It	is	the	measurement	of	energy	in	a	thermodynamic	system.	As	further	discussed	below,	a	simple	example	is	the	spontaneous	condensation	of	steam	into	water.	Closed	System	A	system	which	has	the	ability	to	exchange	only	energy	with	its	surroundings	and	cannot
exchange	matter	is	known	as	a	closed	system.	A	refrigerator	is	an	open	system	that	absorbs	heat	from	a	closed	space	and	passes	it	to	a	warmer	area.	Potential	energy	is	the	stored	energy.	This	leads	to	the	definition	of	the	Helmholtz	free	energy	F	=	U	−	TS	(9)	such	that,	for	any	isothermal	change	of	the	system,	ΔF	=	ΔU	−	TΔS	(10)	is	the	negative	of
the	maximum	work	that	can	be	extracted	from	the	system.	This	can	also	be	easily	explained	by	adding	matter	or	removing	matter.	The	resulting	formulas	are	expressed	in	terms	of	the	Helmholtz	free	energy	F	and	the	Gibbs	free	energy	G,	named	after	the	19th-century	German	physiologist	and	physicist	Hermann	von	Helmholtz	and	the
contemporaneous	American	physicist	Josiah	Willard	Gibbs.	If	the	thermodynamic	system	has	the	capacity	to	exchange	both	matter	and	energy	with	its	surroundings,	it	is	said	to	be	an	open	system.A	system	which	has	the	ability	to	exchange	only	energy	with	its	surroundings	and	cannot	exchange	matter,	it	is	known	as	a	closed	system.	A	system	is
thought	of	as	being	held	at	a	constant	temperature	T	by	a	heat	reservoir	(i.e.,	the	environment),	but	the	heat	reservoir	is	no	longer	considered	to	be	part	of	the	system.	Terms	in	thermodynamic	can	also	be	used	to	understand	chemical	behavior	of	chemical	species.	Although	the	Helmholtz	free	energy	is	useful	in	describing	processes	that	take	place
inside	a	container	with	rigid	walls,	most	processes	in	the	real	world	take	place	under	constant	pressure	rather	than	constant	volume.	The	actual	work	extracted	could	be	smaller	than	the	ideal	maximum,	or	even	zero,	which	implies	that	W	≤	−ΔF,	with	equality	applying	in	the	ideal	limiting	case	of	a	reversible	process.	The	system	boundary	sometimes
permit	either	both	types	of	interaction	or	only	one	type	of	interaction	or	no	interaction.	But	energy	exchange	is	a	bit	more	complicated	because	energy	can	be	exchanged	in	different	forms	and	different	conversions	may	occur	during	this	exchange.	What	is	an	Open	System						–	Definition,	Characteristics	2.	Image	Courtesy:	1.	In	this	case,	the	earth	is
the	system,	and	space	is	the	surrounding.	A	thermodynamic	system	refers	to	that	part	of	the	universe	in	which	observations	are	made,	and	the	remaining	universe	constitutes	the	surroundings.	Examples	of	isolated	system:	A	perfect	isolated	system	does	not	exist	as	energy	interaction	in	the	form	of	heat	radiation	will	always	occur	so	long	as	there	exist
temperature	difference	between	system	and	surroundings.	Systems	can	exist	in	three	ways	as	open	systems,	closed	systems,	and	isolated	systems.	The	main	difference	between	open	and	closed	system	is	that	in	an	open	system,	matter	can	be	exchanged	with	the	surrounding	whereas,	in	a	closed	system,	matter	cannot	be	exchanged	with	the
surrounding.	What	is	a	Closed	System						–	Definition,	Characteristics	3.			Figure	1:	Since	the	mug	is	not	covered,	both	energy	and	matter	can	be	exchanged	with	the	surrounding.	Unlike	the	case	of	an	isolated	system	as	considered	previously,	it	does	not	include	the	entropy	change	of	the	heat	reservoir	(i.e.,	the	surroundings)	required	to	keep	the
temperature	constant.	In	general,	Q	and	W	separately	are	not	state	functions,	because	they	are	path-dependent.	“coffee	steam	2”	by	waferboard	(CC	BY	2.0)	via	Flickr	In	order	to	continue	enjoying	our	site,	we	ask	that	you	confirm	your	identity	as	a	human.	But	energy	is	passed	through	this	boundary	as	photons	because	energy	is	not	particulate.	The
one	additional	precaution	required	is	that	work	done	against	the	atmosphere	be	included	if	the	system	expands	or	contracts	in	the	course	of	the	process	being	considered.	Some	examples	of	thermodynamic	systems	are	washing	machines,	refrigerators	and	air-conditioners.	With	this	substitution	the	above	equation	can	be	rearranged	as	−Wmax	=	ΔU
−	TΔS.	But	if	we	touch	the	lid	after	some	time,	we	can	feel	that	it	is	warm.	When	the	cylinder	is	heated	or	cooled,	it	does	not	lose	its	mass.	Thank	you	very	much	for	your	cooperation.	Thermodynamic	systems	are	classified	as	:	Open	systems	Closed	systems	Isolated	Systems	Open	System	If	the	thermodynamic	system	has	the	capacity	to	exchange	both
matter	and	energy	with	its	surroundings,	it	is	said	to	be	an	open	system.	This	is	called	an	equilibrium.	Based	on	the	interaction	scenario	between	the	system	and	surroundings,	thermodynamic	systems	can	be	classified	into	three	categories,	as	enlisted	below.	The	key	conceptual	step	is	to	separate	a	system	from	its	heat	reservoir.	It	exchanges	the	heat
to	its	surroundings	through	a	boundary.	Most	real	thermodynamic	systems	are	open	systems	that	exchange	heat	and	work	with	their	environment,	rather	than	the	closed	systems	described	thus	far.	A	cylinder	in	which	the	valve	is	closed	is	an	example	of	a	closed	system.	Stay	tuned	with	BYJU’S	for	more	such	interesting	articles	on	physics,	chemistry
and	maths	in	an	engaging	way	with	video	explanations.	Examples	of	open	system:	Boiler,	Nuclear	reactor,	Combustion	chamber,	Turbine,	Condenser,	Pump,	Heat	exchanger,	etc.	The	universe	=	The	system	+	The	surroundings	A	thermodynamic	system	is	embedded	in	its	environment	or	surroundings,	through	which	it	can	exchange	heat	with,	and	do
work	on.	Air-conditioner	is	a	closed	system	that	circulates	refrigerant	inside	the	system,	altering	the	pressure	of	the	refrigerant	at	different	points	to	promote	the	transfer	of	heat.	Examples	of	closed	system:	Refrigerant	or	working	fluid	of	refrigerator	unit,	Coolant	of	nuclear	PWR	or	PHWR,	Hot	water	kept	inside	a	PETE	bottle,	etc.	Because	the
quantities	U,	T,	and	S	on	the	right-hand	side	are	all	state	functions,	it	follows	that	−Wmax	must	also	be	a	state	function.	“coffee	steam	2”	by	waferboard	(CC	BY	2.0)	via	Flickr	Thermodynamics	is	a	branch	of	physics	which	explains	the	energy	transfer	between	objects	and	surrounding.	Thus,	this	is	an	open	system.	The	petrol	or	diesel	in	the	vehicle
undergoes	combustion	inside	the	engine	and	is	an	ideal	example	of	a	thermodynamic	system.	Thus,	no	mass	interaction	occurs	between	a	closed	system	and	its	surroundings.	Example:	Consider	a	beaker	in	the	presence	of	reactants	in	an	open	beaker.	There	are	two	distinct	ways	of	interaction	between	system	and	surroundings,	as	enlisted	below.
Difference	Between	Open	and	Closed	Systems	Definition	Open	System:	An	open	system	is	a	thermodynamic	system	where	energy	and	matter	can	be	exchanged	with	its	surrounding.	16	June	2017.	Mass	interaction	Energy	interaction	(like	heat,	work,	etc.)	It	is	worth	mentioning	here	that	energy	interaction	can	be	in	different	forms	like	heat	transfer,
work	transfer,	electrical	energy	transfer,	etc.	The	system	is	separated	from	the	surroundings	by	the	system	boundary.	Closed	System:	A	closed	system	is	a	thermodynamic	system	where	energy	can	be	exchanged	with	its	surrounding	but	not	matter.	Then	it	has	both	potential	energy	and	thermal	energy.	If	this	additional	entropy	change	of	the	reservoir
were	included,	the	total	entropy	change	would	be	zero,	as	in	the	case	of	an	isolated	system.	(13)	This	leads	to	the	definition	of	the	Gibbs	free	energy	G	=	U	+	PV	−	TS	(14)	such	that,	for	any	isothermal	change	of	the	system	at	constant	pressure,	ΔG	=	ΔU	+	PΔV	−	TΔS	(15)	is	the	negative	of	the	maximum	work	W′max	that	can	be	extracted	from	the
system,	other	than	atmospheric	work.	A	system	which	cannot	exchange	matter	or	energy	with	the	surroundings,	is	known	as	an	isolated	system.	Isolated	system	and	its	example	All	such	thermodynamic	systems	where	neither	mass	interaction	nor	energy	interaction	occurs	between	the	concerned	system	and	its	surroundings	are	called	isolated
systems.	Thermodynamic	System	and	Types	A	system	that	is	delimited	from	the	surroundings	by	real	or	hypothetical	boundaries	is	known	as	a	thermodynamic	system.	Available	here.	Systems	can	be	either	opened,	closed	or	isolated.	Suppose	that	the	process	being	considered	involves	a	large	change	in	volume	(ΔV),	such	as	happens	when	water	boils
to	form	steam.	Although	the	entropy	of	water	is	much	less	than	the	entropy	of	steam,	the	process	occurs	spontaneously	provided	that	enough	heat	energy	is	taken	away	from	the	system	to	keep	the	temperature	from	rising	as	the	steam	condenses.	Exchange	of	Matter	Open	System:	Open	systems	can	exchange	matter	with	the	surrounding.	Read	more
about	thermodynamics.	The	boundary	is	the	wall	that	separates	the	system	and	the	environment.	Matter	cannot	be	exchanged	in	a	closed	system	because	matter	contains	particles	which	cannot	cross	the	boundary	of	the	system.	The	zeroth	law	of	thermodynamics	states	that	thermodynamic	processes	do	not	affect	the	total	energy	of	the	system.	Closed
System:	In	closed	systems,	the	mass	of	the	system	is	constant.	Sunlight	and	rocket	can	be	explained	as	energy	and	matter,	respectively.	A	familiar	example	of	free	energy	changes	is	provided	by	an	automobile	battery.	A	closed	system	is	a	system	where	only	energy	can	be	exchanged	but	not	matter.	The	system	and	the	surroundings	together	make	up
the	universe.	Libretexts,	21	July	2016.	What	is	the	difference	between	Open	and	Closed	Systems						–	Comparison	of	Key	Differences	Key	Terms:	Energy,	Kinetic	Energy	System,	Matter,	Potential	Energy,	Surrounding,	Thermodynamics	What	is	an	Open	System	An	open	system	can	be	defined	as	a	system	which	can	exchange	both	matter	and	energy
with	the	surrounding.	Substituting	this	partition	into	the	above	equation	for	−Wmax	and	moving	the	PΔV	term	to	the	right-hand	side	then	yields	−W′max	=	ΔU	+	PΔV	−	TΔS.	Typically,	processes	are	specified	as	taking	place	at	constant	volume	and	temperature	in	order	that	no	correction	is	needed.	Closed	system	and	its	example	All	such
thermodynamic	systems	where	only	energy	interaction	occurs	between	the	concerned	system	and	its	surroundings	are	called	closed	systems.	As	before,	the	actual	work	extracted	could	be	smaller	than	the	ideal	maximum,	or	even	zero,	which	implies	that	W′	≤	−ΔG,	with	equality	applying	in	the	ideal	limiting	case	of	a	reversible	process.	However,	the
energy	of	a	system	always	exists	in	one	of	these	three	states	or	in	two	states	at	the	same	time.	Open	system	Closed	system	Isolated	system	Open	system	and	its	example	All	such	thermodynamic	systems	where	both	the	mass	interaction	and	energy	interaction	occur	between	the	concerned	system	and	its	surroundings	are	called	open	systems.	The	work
done	by	the	expanding	water	vapour	as	it	pushes	back	the	surrounding	air	at	pressure	P	is	PΔV.	Thus,	the	equilibrium	condition	of	maximum	entropy	for	isolated	systems	becomes	the	condition	of	minimum	Helmholtz	free	energy	for	open	systems	held	at	constant	temperature.	When	the	Helmholtz	free	energy	reaches	its	minimum	value,	the	system
has	reached	its	equilibrium	state,	and	no	further	work	can	be	extracted	from	it.	For	example,	living	systems	are	clearly	able	to	achieve	a	local	reduction	in	their	entropy	as	they	grow	and	develop;	they	create	structures	of	greater	internal	energy	(i.e.,	they	lower	entropy)	out	of	the	nutrients	they	absorb.	(8)	Note	that	here	ΔS	is	the	entropy	change	just
of	the	system	being	held	at	constant	temperature,	such	as	a	battery.	Sunlight	can	reach	the	earth	surface	and	we	can	send	rockets	to	space.	This	is	the	amount	of	work	that	is	now	split	out	from	Wmax	by	writing	it	in	the	form	Wmax	=	W′max	+	PΔV,	(12)	where	W′max	is	the	maximum	work	that	can	be	extracted	from	the	process	taking	place	at
constant	temperature	T	and	pressure	P,	other	than	the	atmospheric	work	(PΔV).
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