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Which	of	the	following	is	an	example	of	matter

Matter	has	mass	and	occupies	space.What	is	matter?	In	science,	matter	is	defined	as	any	substance	that	has	mass	and	takes	up	space.	Basically,	it’s	anything	that	can	be	touched.	Yet,	there	are	also	phenomena	that	are	not	matter,	such	as	light,	sounds,	and	other	forms	of	energy.	A	space	devoid	of	all	matter	is	called	a	vacuum.Anything	you	can	touch,
taste,	or	smell	consists	of	matter.	Examples	of	matter	include:AtomsIonsMoleculesFurniturePeoplePlantsWaterRocksYou	can	observe	things	which	are	not	matter.	Typically,	these	are	forms	of	energy,	such	as	sunlight,	rainbows,	thoughts,	emotions,	music,	and	radio	waves.You	can	identify	matter	by	its	chemical	composition	and	its	state.	States	of
matter	encountered	in	daily	life	include	solids,	liquids,	gases,	and	plasma.	Other	states	of	matter	exist	near	absolute	zero	and	at	extremely	high	temperatures.Solid	–	State	of	matter	with	a	defined	shape	and	volume.	Particles	are	packed	close	together.	Example:	IceLiquid	–	State	of	matter	with	defined	volume,	but	no	defined	shape.	Space	between
particles	allows	this	form	of	matter	to	flow.	Example:	WaterGas	–	State	of	matter	without	a	defined	volume	or	shape.	Particles	can	adjust	to	the	size	and	shape	of	their	container.	Example:	Water	vapor	in	cloudsThe	terms	“matter”	and	“mass”	are	related,	but	don’t	mean	exactly	the	same	thing.	Mass	is	a	measure	of	the	amount	of	matter	in	the	sample.
For	example,	you	might	have	a	block	of	carbon.	It	consists	of	carbon	atoms	(a	form	of	matter).	You	could	use	a	balance	to	measure	the	block’s	mass	to	obtain	a	mass	in	units	of	grams	or	pounds.	Mass	is	a	property	of	a	sample	of	matter.Matter	consists	of	building	blocks.	In	chemistry,	atoms	and	ions	are	the	smallest	units	of	matter	that	cannot	be
broken	down	using	any	chemical	reaction.	But,	nuclear	reactions	can	break	atoms	into	their	subunits.	The	basic	subunits	of	atoms	and	ions	are	protons,	neutrons,	and	electrons.	The	number	of	protons	in	an	atom	identifies	its	element.Protons,	neutrons,	and	electrons	are	subatomic	particles,	but	there	are	even	smaller	units	of	matter.	Protons	and
neutrons	are	examples	of	subatomic	particles	called	baryons,	which	are	made	of	quarks.	Electrons	are	examples	of	subatomic	particles	called	leptons.	So,	in	physics,	one	definition	of	matter	is	that	it	consists	of	leptons	or	quarks.Antimatter	consists	of	antiparticles.	Antimatter	is	still	matter,	but	while	ordinary	matter	consists	of	leptons	and	baryons
with	a	positive	number,	antimatter	consists	of	leptons	and	baryons	with	a	negative	number.	So,	there	are	antielectrons	(called	positrons),	antiprotons,	and	antineutrons.Antimatter	occurs	in	the	world.	For	example,	lightning	strikes,	radioactive	decay,	and	cosmic	rays	all	produce	antimatter.	When	antimatter	encounters	ordinary	matter,	the	two
annihilate	each	other,	releasing	a	lot	of	energy.	But,	this	isn’t	the	universe-ending	event	you	see	in	science	fiction.	It	happens	all	the	time.Matter	made	from	protons,	neutrons,	and	electrons	is	sometimes	called	ordinary	matter.	Similarly,	a	substance	made	of	leptons	or	quarks	is	ordinary	matter.	Scientists	estimate	about	4%	of	the	universe	consists	of
ordinary	matter.	About	23%	is	made	of	dark	matter	and	73%	consists	of	dark	energy.	The	simplest	definition	of	dark	matter	is	that	it	consists	of	non-baryonic	particles.Dark	matter	is	one	form	of	what	physicists	call	“exotic	matter.”	Other	types	of	dark	matter	may	exist,	potentially	with	bizarre	properties,	such	as	negative	mass!de	Podesta,	M.	(2002).
Understanding	the	Properties	of	Matter	(2nd	ed.).	CRC	Press.	ISBN	978-0-415-25788-6.Olmsted,	J.;	Williams,	G.M.	(1996).	Chemistry:	The	Molecular	Science	(2nd	ed.).	Jones	&	Bartlett.	ISBN	978-0-8151-8450-8.Tsan,	U.C.	(2012).	“Negative	Numbers	And	Antimatter	Particles”.	International	Journal	of	Modern	Physics	E.	21	(1):	1250005–1–1250005–23.
doi:10.1142/S021830131250005XRelated	Posts	What	do	steam,	a	bicycle,	and	a	cup	of	tea	all	have	in	common?	They	are	all	made	of	matter.Now	imagine	a	mountain,	a	lake	and	air.These	three	things	are	the	three	states	in	which	matter	occurs:	solids,	liquids,	and	gases.Mountains	are	made	from	rock.	Rock	is	an	example	of	a	solid.	A	lake	is	made	up	of
water.	This	is	an	example	of	a	liquid.	The	air	we	breathe	is	a	gas.Rocks,	like	those	found	in	the	Mourne	mountains,	are	a	solidA	solid,	such	as	a	table,	has	a	definite	shape	that	is	difficult	to	change.This	is	because	the	particles	of	a	solid	have	very	firm	bonds,	which	means	solids	are	usually	difficult	to	break.Most	solids	are	hard.	Some	examples	of	hard
solids	include	mountains,	tables,	books,	and	balls.Solids	such	as	rubber	have	a	shape	that	can	be	changed.Rocks,	like	those	found	in	the	Mourne	mountains,	are	a	solidWater,	like	in	Lough	Neagh,	is	a	liquidSo	what	do	liquids	have	in	common	with	each	other?	Well,	for	a	start,	liquids	can	flow.	They	do	not	have	fixed	shapes.A	liquid's	shape	changes	to
fit	its	container.	However,	they	do	have	a	fixed	volume.Next	time	you	have	a	drink,	look	carefully	inside	your	glass.	The	liquid	you	are	drinking	has	taken	on	the	shape	of	the	glass.However,	if	you	spilt	that	drink,	the	shape	of	the	liquid	changes.	And	if	you	pour	any	remaining	liquid	into	a	different	container,	the	shape	of	the	liquid	changes.	But	the
volume	remains	the	same.Water	is	the	most	common	liquid	and	is	essential	for	life.	It	is	found	in	oceans,	rivers,	lakes,	and	even	in	the	air	as	water	vapour.Water,	like	in	Lough	Neagh,	is	a	liquidThe	air,	that	is	all	around	us,	is	made	up	of	gases.Now	let's	think	about	gases.	A	gas	quickly	fills	any	space	it	is	put	into	because	its	particles	move	fast.This
means	that	a	gas	takes	the	shape	of	its	container.	For	example,	we	fill	balloons	up	with	the	gas	helium.Gases	do	not	have	fixed	shapes,	and	they	move	easily.	We	are	not	able	to	see	most.For	example,	we	walk	through	the	air	when	we're	walking	about	during	our	day.	Mostly	we	cannot	see	this	air	or	even	feel	the	air.The	air,	that	is	all	around	us,	is
made	up	of	gases.The	three	states	of	matter	(solids,	liquids	and	gases)	are	all	around	us	and	are	used	in	many	different	ways.A	bicycle	is	a	great	way	to	see	three	states	of	matter	existing	together	in	one	place.	Many	parts	of	a	bicycle	are	made	of	solids.	A	bicycle	frame	is	solid,	as	are	the	wheels.Your	bicycle	tyres	are	filled	with	air,	a	gas.	And	the	oil
on	your	bicycle	chain	is	an	excellent	example	of	a	liquid.Matter	can	change	from	one	state	to	another,	for	example,	a	liquid	into	a	solid	or	a	gas	into	a	liquid.	How	can	we	change	liquids	into	solids?	We	need	either	a	change	in	temperature	or	pressure.Let's	use	water	as	it	as	a	perfect	example.	How	does	water	turn	into	ice?	Through	freezing,	when	the
temperature	becomes	really	cold.And	how	does	ice	turn	into	water?	When	the	temperature	is	hot	enough,	ice	melts.Water	is	unusual	as	it	can	be	found	in	all	three	states	of	matter.In	solid	form,	water	is	ice;	in	liquid	form,	water	and,	as	a	gas,	steam.	In	all	three	different	states,	water	is	essential	to	everything	on	Earth.Skip	image	galleryWhen	water	is
at	room	temperature	it	is	a	liquid.When	water	is	frozen	it	turns	to	ice,	a	solid.When	water	boils	it	turns	into	steam,	a	gas.Language:EnglishCymraegGaeilgeGàidhlig	Matter	has	mass	and	occupies	space.What	is	matter?	In	science,	matter	is	defined	as	any	substance	that	has	mass	and	takes	up	space.	Basically,	it’s	anything	that	can	be	touched.	Yet,
there	are	also	phenomena	that	are	not	matter,	such	as	light,	sounds,	and	other	forms	of	energy.	A	space	devoid	of	all	matter	is	called	a	vacuum.Anything	you	can	touch,	taste,	or	smell	consists	of	matter.	Examples	of	matter	include:AtomsIonsMoleculesFurniturePeoplePlantsWaterRocksYou	can	observe	things	which	are	not	matter.	Typically,	these	are
forms	of	energy,	such	as	sunlight,	rainbows,	thoughts,	emotions,	music,	and	radio	waves.You	can	identify	matter	by	its	chemical	composition	and	its	state.	States	of	matter	encountered	in	daily	life	include	solids,	liquids,	gases,	and	plasma.	Other	states	of	matter	exist	near	absolute	zero	and	at	extremely	high	temperatures.Solid	–	State	of	matter	with	a
defined	shape	and	volume.	Particles	are	packed	close	together.	Example:	IceLiquid	–	State	of	matter	with	defined	volume,	but	no	defined	shape.	Space	between	particles	allows	this	form	of	matter	to	flow.	Example:	WaterGas	–	State	of	matter	without	a	defined	volume	or	shape.	Particles	can	adjust	to	the	size	and	shape	of	their	container.	Example:
Water	vapor	in	cloudsThe	terms	“matter”	and	“mass”	are	related,	but	don’t	mean	exactly	the	same	thing.	Mass	is	a	measure	of	the	amount	of	matter	in	the	sample.	For	example,	you	might	have	a	block	of	carbon.	It	consists	of	carbon	atoms	(a	form	of	matter).	You	could	use	a	balance	to	measure	the	block’s	mass	to	obtain	a	mass	in	units	of	grams	or
pounds.	Mass	is	a	property	of	a	sample	of	matter.Matter	consists	of	building	blocks.	In	chemistry,	atoms	and	ions	are	the	smallest	units	of	matter	that	cannot	be	broken	down	using	any	chemical	reaction.	But,	nuclear	reactions	can	break	atoms	into	their	subunits.	The	basic	subunits	of	atoms	and	ions	are	protons,	neutrons,	and	electrons.	The	number
of	protons	in	an	atom	identifies	its	element.Protons,	neutrons,	and	electrons	are	subatomic	particles,	but	there	are	even	smaller	units	of	matter.	Protons	and	neutrons	are	examples	of	subatomic	particles	called	baryons,	which	are	made	of	quarks.	Electrons	are	examples	of	subatomic	particles	called	leptons.	So,	in	physics,	one	definition	of	matter	is
that	it	consists	of	leptons	or	quarks.Antimatter	consists	of	antiparticles.	Antimatter	is	still	matter,	but	while	ordinary	matter	consists	of	leptons	and	baryons	with	a	positive	number,	antimatter	consists	of	leptons	and	baryons	with	a	negative	number.	So,	there	are	antielectrons	(called	positrons),	antiprotons,	and	antineutrons.Antimatter	occurs	in	the
world.	For	example,	lightning	strikes,	radioactive	decay,	and	cosmic	rays	all	produce	antimatter.	When	antimatter	encounters	ordinary	matter,	the	two	annihilate	each	other,	releasing	a	lot	of	energy.	But,	this	isn’t	the	universe-ending	event	you	see	in	science	fiction.	It	happens	all	the	time.Matter	made	from	protons,	neutrons,	and	electrons	is
sometimes	called	ordinary	matter.	Similarly,	a	substance	made	of	leptons	or	quarks	is	ordinary	matter.	Scientists	estimate	about	4%	of	the	universe	consists	of	ordinary	matter.	About	23%	is	made	of	dark	matter	and	73%	consists	of	dark	energy.	The	simplest	definition	of	dark	matter	is	that	it	consists	of	non-baryonic	particles.Dark	matter	is	one	form
of	what	physicists	call	“exotic	matter.”	Other	types	of	dark	matter	may	exist,	potentially	with	bizarre	properties,	such	as	negative	mass!de	Podesta,	M.	(2002).	Understanding	the	Properties	of	Matter	(2nd	ed.).	CRC	Press.	ISBN	978-0-415-25788-6.Olmsted,	J.;	Williams,	G.M.	(1996).	Chemistry:	The	Molecular	Science	(2nd	ed.).	Jones	&	Bartlett.	ISBN
978-0-8151-8450-8.Tsan,	U.C.	(2012).	“Negative	Numbers	And	Antimatter	Particles”.	International	Journal	of	Modern	Physics	E.	21	(1):	1250005–1–1250005–23.	doi:10.1142/S021830131250005XRelated	Posts	Matter	has	mass	and	occupies	space.What	is	matter?	In	science,	matter	is	defined	as	any	substance	that	has	mass	and	takes	up	space.
Basically,	it’s	anything	that	can	be	touched.	Yet,	there	are	also	phenomena	that	are	not	matter,	such	as	light,	sounds,	and	other	forms	of	energy.	A	space	devoid	of	all	matter	is	called	a	vacuum.Anything	you	can	touch,	taste,	or	smell	consists	of	matter.	Examples	of	matter	include:AtomsIonsMoleculesFurniturePeoplePlantsWaterRocksYou	can	observe
things	which	are	not	matter.	Typically,	these	are	forms	of	energy,	such	as	sunlight,	rainbows,	thoughts,	emotions,	music,	and	radio	waves.You	can	identify	matter	by	its	chemical	composition	and	its	state.	States	of	matter	encountered	in	daily	life	include	solids,	liquids,	gases,	and	plasma.	Other	states	of	matter	exist	near	absolute	zero	and	at	extremely
high	temperatures.Solid	–	State	of	matter	with	a	defined	shape	and	volume.	Particles	are	packed	close	together.	Example:	IceLiquid	–	State	of	matter	with	defined	volume,	but	no	defined	shape.	Space	between	particles	allows	this	form	of	matter	to	flow.	Example:	WaterGas	–	State	of	matter	without	a	defined	volume	or	shape.	Particles	can	adjust	to
the	size	and	shape	of	their	container.	Example:	Water	vapor	in	cloudsThe	terms	“matter”	and	“mass”	are	related,	but	don’t	mean	exactly	the	same	thing.	Mass	is	a	measure	of	the	amount	of	matter	in	the	sample.	For	example,	you	might	have	a	block	of	carbon.	It	consists	of	carbon	atoms	(a	form	of	matter).	You	could	use	a	balance	to	measure	the
block’s	mass	to	obtain	a	mass	in	units	of	grams	or	pounds.	Mass	is	a	property	of	a	sample	of	matter.Matter	consists	of	building	blocks.	In	chemistry,	atoms	and	ions	are	the	smallest	units	of	matter	that	cannot	be	broken	down	using	any	chemical	reaction.	But,	nuclear	reactions	can	break	atoms	into	their	subunits.	The	basic	subunits	of	atoms	and	ions
are	protons,	neutrons,	and	electrons.	The	number	of	protons	in	an	atom	identifies	its	element.Protons,	neutrons,	and	electrons	are	subatomic	particles,	but	there	are	even	smaller	units	of	matter.	Protons	and	neutrons	are	examples	of	subatomic	particles	called	baryons,	which	are	made	of	quarks.	Electrons	are	examples	of	subatomic	particles	called
leptons.	So,	in	physics,	one	definition	of	matter	is	that	it	consists	of	leptons	or	quarks.Antimatter	consists	of	antiparticles.	Antimatter	is	still	matter,	but	while	ordinary	matter	consists	of	leptons	and	baryons	with	a	positive	number,	antimatter	consists	of	leptons	and	baryons	with	a	negative	number.	So,	there	are	antielectrons	(called	positrons),
antiprotons,	and	antineutrons.Antimatter	occurs	in	the	world.	For	example,	lightning	strikes,	radioactive	decay,	and	cosmic	rays	all	produce	antimatter.	When	antimatter	encounters	ordinary	matter,	the	two	annihilate	each	other,	releasing	a	lot	of	energy.	But,	this	isn’t	the	universe-ending	event	you	see	in	science	fiction.	It	happens	all	the	time.Matter
made	from	protons,	neutrons,	and	electrons	is	sometimes	called	ordinary	matter.	Similarly,	a	substance	made	of	leptons	or	quarks	is	ordinary	matter.	Scientists	estimate	about	4%	of	the	universe	consists	of	ordinary	matter.	About	23%	is	made	of	dark	matter	and	73%	consists	of	dark	energy.	The	simplest	definition	of	dark	matter	is	that	it	consists	of
non-baryonic	particles.Dark	matter	is	one	form	of	what	physicists	call	“exotic	matter.”	Other	types	of	dark	matter	may	exist,	potentially	with	bizarre	properties,	such	as	negative	mass!de	Podesta,	M.	(2002).	Understanding	the	Properties	of	Matter	(2nd	ed.).	CRC	Press.	ISBN	978-0-415-25788-6.Olmsted,	J.;	Williams,	G.M.	(1996).	Chemistry:	The
Molecular	Science	(2nd	ed.).	Jones	&	Bartlett.	ISBN	978-0-8151-8450-8.Tsan,	U.C.	(2012).	“Negative	Numbers	And	Antimatter	Particles”.	International	Journal	of	Modern	Physics	E.	21	(1):	1250005–1–1250005–23.	doi:10.1142/S021830131250005XRelated	Posts	Anything	you	can	touch	or	taste	is	an	example	of	matter.	Matter	has	mass	and	occupies
space.Can	you	name	examples	of	matter?	It’s	easy,	once	you	understand	what	matter	is	(and	is	not).	Matter	is	anything	that	has	mass	and	takes	up	space.	Any	object	you	can	touch,	taste,	or	smell	is	an	example	of	matter.Elements	and	compounds	are	pure	forms	of	matter.	All	living	things	are	examples	of	matter.	So	are	non-living	things	and	man-made
objects.	Matter	exists	as	solids,	liquids,	and	gases	and	can	change	forms.A	personA	petInsectsA	treeBacteriaGoldOxygenAirCloudsWaterVegetable	oilSnowJupiterThe	SunWoodA	cakePaperIce	creamA	computerA	tablePaintGlassPlasticA	shirtBloodSteelSandThe	oceanYou	observe	many	things	which	are	not	matter.	This	is	because	matter	can	be
converted	into	energy,	which	does	not	have	mass	or	volume.	Light,	heat,	sound,	emotions,	and	rainbows	are	not	matter.	Some	objects	consist	of	both	matter	and	energy,	like	the	Sun.	You	can’t	rely	on	the	senses	of	sight	and	hearing	to	detect	matter.	But,	if	you	can	weigh,	touch,	taste,	or	smell	something,	then	it	is	an	example	of	matter.de	Podesta,	M.
(2002).	Understanding	the	Properties	of	Matter	(2nd	ed.).	CRC	Press.	ISBN	978-0-415-25788-6.Related	Posts	By	the	end	of	this	module,	you	will	be	able	to:	Describe	the	basic	properties	of	each	physical	state	of	matter:	solid,	liquid,	and	gas	Define	and	give	examples	of	atoms	and	molecules	Classify	matter	as	an	element,	compound,	homogeneous
mixture,	or	heterogeneous	mixture	with	regard	to	its	physical	state	and	composition	Distinguish	between	mass	and	weight	Apply	the	law	of	conservation	of	matter	Matter	is	defined	as	anything	that	occupies	space	and	has	mass,	and	it	is	all	around	us.	A	book	is	matter,	a	computer	is	matter,	food	is	matter,	and	dirt	in	the	ground	is	matter.	Things	that
are	not	matter	include	thoughts,	ideas,	emotions,	and	hopes.Solids	and	liquids	are	more	obviously	matter:	We	can	see	that	they	take	up	space,	and	their	weight	tells	us	that	they	have	mass.	Gases	are	also	matter;	if	gases	did	not	take	up	space,	a	balloon	would	stay	collapsed	rather	than	inflate	when	filled	with	gas.	Solids,	liquids,	and	gases	are	the
three	states	of	matter	commonly	found	on	earth	(Figure	1).	A	solid	is	rigid	and	possesses	a	definite	shape.	A	liquid	flows	and	takes	the	shape	of	a	container,	except	that	it	forms	a	flat	or	slightly	curved	upper	surface	when	acted	upon	by	gravity.	(In	zero	gravity,	liquids	assume	a	spherical	shape.)	Both	liquid	and	solid	samples	have	volumes	that	are	very
nearly	independent	of	pressure.	A	gas	takes	both	the	shape	and	volume	of	its	container.	Figure	1.	The	three	most	common	states	or	phases	of	matter	are	solid,	liquid,	and	gas.	A	fourth	state	of	matter,	plasma,	occurs	naturally	in	the	interiors	of	stars.	A	plasma	is	a	gaseous	state	of	matter	that	contains	appreciable	numbers	of	electrically	charged
particles	(Figure	2).	The	presence	of	these	charged	particles	imparts	unique	properties	to	plasmas	that	justify	their	classification	as	a	state	of	matter	distinct	from	gases.	In	addition	to	stars,	plasmas	are	found	in	some	other	high-temperature	environments	(both	natural	and	man-made),	such	as	lightning	strikes,	certain	television	screens,	and
specialized	analytical	instruments	used	to	detect	trace	amounts	of	metals.	Figure	2.	A	plasma	torch	can	be	used	to	cut	metal.	(credit:	“Hypertherm”/Wikimedia	Commons)	In	a	tiny	cell	in	a	plasma	television,	the	plasma	emits	ultraviolet	light,	which	in	turn	causes	the	display	at	that	location	to	appear	a	specific	color.	The	composite	of	these	tiny	dots	of
color	makes	up	the	image	that	you	see.	Watch	this	video	to	learn	more	about	plasma	and	the	places	you	encounter	it.	Some	samples	of	matter	appear	to	have	properties	of	solids,	liquids,	and/or	gases	at	the	same	time.	This	can	occur	when	the	sample	is	composed	of	many	small	pieces.	For	example,	we	can	pour	sand	as	if	it	were	a	liquid	because	it	is
composed	of	many	small	grains	of	solid	sand.	Matter	can	also	have	properties	of	more	than	one	state	when	it	is	a	mixture,	such	as	with	clouds.	Clouds	appear	to	behave	somewhat	like	gases,	but	they	are	actually	mixtures	of	air	(gas)	and	tiny	particles	of	water	(liquid	or	solid).	The	mass	of	an	object	is	a	measure	of	the	amount	of	matter	in	it.	One	way	to
measure	an	object’s	mass	is	to	measure	the	force	it	takes	to	accelerate	the	object.	It	takes	much	more	force	to	accelerate	a	car	than	a	bicycle	because	the	car	has	much	more	mass.	A	more	common	way	to	determine	the	mass	of	an	object	is	to	use	a	balance	to	compare	its	mass	with	a	standard	mass.	Although	weight	is	related	to	mass,	it	is	not	the
same	thing.	Weight	refers	to	the	force	that	gravity	exerts	on	an	object.	This	force	is	directly	proportional	to	the	mass	of	the	object.	The	weight	of	an	object	changes	as	the	force	of	gravity	changes,	but	its	mass	does	not.	An	astronaut’s	mass	does	not	change	just	because	she	goes	to	the	moon.	But	her	weight	on	the	moon	is	only	one-sixth	her	earth-
bound	weight	because	the	moon’s	gravity	is	only	one-sixth	that	of	the	earth’s.	She	may	feel	“weightless”	during	her	trip	when	she	experiences	negligible	external	forces	(gravitational	or	any	other),	although	she	is,	of	course,	never	“massless.”	The	law	of	conservation	of	matter	summarizes	many	scientific	observations	about	matter:	It	states	that	there
is	no	detectable	change	in	the	total	quantity	of	matter	present	when	matter	converts	from	one	type	to	another	(a	chemical	change)	or	changes	among	solid,	liquid,	or	gaseous	states	(a	physical	change).	Brewing	beer	and	the	operation	of	batteries	provide	examples	of	the	conservation	of	matter	(Figure	3).	During	the	brewing	of	beer,	the	ingredients
(water,	yeast,	grains,	malt,	hops,	and	sugar)	are	converted	into	beer	(water,	alcohol,	carbonation,	and	flavoring	substances)	with	no	actual	loss	of	substance.	This	is	most	clearly	seen	during	the	bottling	process,	when	glucose	turns	into	ethanol	and	carbon	dioxide,	and	the	total	mass	of	the	substances	does	not	change.	This	can	also	be	seen	in	a	lead-
acid	car	battery:	The	original	substances	(lead,	lead	oxide,	and	sulfuric	acid),	which	are	capable	of	producing	electricity,	are	changed	into	other	substances	(lead	sulfate	and	water)	that	do	not	produce	electricity,	with	no	change	in	the	actual	amount	of	matter.	Figure	3.	(a)	The	mass	of	beer	precursor	materials	is	the	same	as	the	mass	of	beer
produced:	Sugar	has	become	alcohol	and	carbonation.	(b)	The	mass	of	the	lead,	lead	oxide	plates,	and	sulfuric	acid	that	goes	into	the	production	of	electricity	is	exactly	equal	to	the	mass	of	lead	sulfate	and	water	that	is	formed.	Although	this	conservation	law	holds	true	for	all	conversions	of	matter,	convincing	examples	are	few	and	far	between
because,	outside	of	the	controlled	conditions	in	a	laboratory,	we	seldom	collect	all	of	the	material	that	is	produced	during	a	particular	conversion.	For	example,	when	you	eat,	digest,	and	assimilate	food,	all	of	the	matter	in	the	original	food	is	preserved.	But	because	some	of	the	matter	is	incorporated	into	your	body,	and	much	is	excreted	as	various
types	of	waste,	it	is	challenging	to	verify	by	measurement.	Which	of	the	following	can	be	describe	as	being	matter?	Check	Your	Learning	Which	of	the	following	can	be	describe	as	being	matter?	the	moon	an	idea	for	a	new	invention	Atoms	and	Molecules	An	atom	is	the	smallest	particle	of	an	element	that	has	the	properties	of	that	element	and	can
enter	into	a	chemical	combination.	Consider	the	element	gold,	for	example.	Imagine	cutting	a	gold	nugget	in	half,	then	cutting	one	of	the	halves	in	half,	and	repeating	this	process	until	a	piece	of	gold	remained	that	was	so	small	that	it	could	not	be	cut	in	half	(regardless	of	how	tiny	your	knife	may	be).	This	minimally	sized	piece	of	gold	is	an	atom	(from
the	Greek	atomos,	meaning	“indivisible”)	(Figure	4).	This	atom	would	no	longer	be	gold	if	it	were	divided	any	further.	Figure	4.	(a)	This	photograph	shows	a	gold	nugget.	uniform	stripes	of	light	and	dark	gold,	as	seen	through	microscope	(b)	A	scanning-tunneling	microscope	(STM)	can	generate	views	of	the	surfaces	of	solids,	such	as	this	image	of	a
gold	crystal.	Each	sphere	represents	one	gold	atom.	(credit	a:	modification	of	work	by	United	States	Geological	Survey;	credit	b:	modification	of	work	by	“Erwinrossen”/Wikimedia	Commons)	The	first	suggestion	that	matter	is	composed	of	atoms	is	attributed	to	the	Greek	philosophers	Leucippus	and	Democritus,	who	developed	their	ideas	in	the	5th
century	BCE.	However,	it	was	not	until	the	early	nineteenth	century	that	John	Dalton	(1766–1844),	a	British	schoolteacher	with	a	keen	interest	in	science,	supported	this	hypothesis	with	quantitative	measurements.	Since	that	time,	repeated	experiments	have	confirmed	many	aspects	of	this	hypothesis,	and	it	has	become	one	of	the	central	theories	of
chemistry.	Other	aspects	of	Dalton’s	atomic	theory	are	still	used	but	with	minor	revisions	(details	of	Dalton’s	theory	are	provided	in	the	chapter	on	atoms	and	molecules).	An	atom	is	so	small	that	its	size	is	difficult	to	imagine.	One	of	the	smallest	things	we	can	see	with	our	unaided	eye	is	a	single	thread	of	a	spider	web:	These	strands	are	about
1/10,000	of	a	centimeter	(0.00001	cm)	in	diameter.	Although	the	cross-section	of	one	strand	is	almost	impossible	to	see	without	a	microscope,	it	is	huge	on	an	atomic	scale.	A	single	carbon	atom	in	the	web	has	a	diameter	of	about	0.000000015	centimeter,	and	it	would	take	about	7000	carbon	atoms	to	span	the	diameter	of	the	strand.	To	put	this	in
perspective,	if	a	carbon	atom	were	the	size	of	a	dime,	the	cross-section	of	one	strand	would	be	larger	than	a	football	field,	which	would	require	about	150	million	carbon	atom	“dimes”	to	cover	it.	(Figure	5)	shows	increasingly	close	microscopic	and	atomic-level	views	of	ordinary	cotton.	Figure	5.	These	images	provide	an	increasingly	closer	view:	(a)	a
cotton	boll,	(b)	a	single	cotton	fiber	viewed	under	an	optical	microscope	(magnified	40	times),	(c)	an	image	of	a	cotton	fiber	obtained	with	an	electron	microscope	(much	higher	magnification	than	with	the	optical	microscope);	and	(d	and	e)	atomic-level	models	of	the	fiber	(spheres	of	different	colors	represent	atoms	of	different	elements).	(credit	c:
modification	of	work	by	“Featheredtar”/Wikimedia	Commons)	An	atom	is	so	light	that	its	mass	is	also	difficult	to	imagine.	A	billion	lead	atoms	(1,000,000,000	atoms)	weigh	about	3	×	10-13	grams,	a	mass	that	is	far	too	light	to	be	weighed	on	even	the	world’s	most	sensitive	balances.	It	would	require	over	300,000,000,000,000	lead	atoms	(300	trillion,
or	3	×	1014)	to	be	weighed,	and	they	would	weigh	only	0.0000001	gram.	It	is	rare	to	find	collections	of	individual	atoms.	Only	a	few	elements,	such	as	the	gases	helium,	neon,	and	argon,	consist	of	a	collection	of	individual	atoms	that	move	about	independently	of	one	another.	Other	elements,	such	as	the	gases	hydrogen,	nitrogen,	oxygen,	and	chlorine,
are	composed	of	units	that	consist	of	pairs	of	atoms	(Figure	6).	One	form	of	the	element	phosphorus	consists	of	units	composed	of	four	phosphorus	atoms.	The	element	sulfur	exists	in	various	forms,	one	of	which	consists	of	units	composed	of	eight	sulfur	atoms.	These	units	are	called	molecules.	A	molecule	consists	of	two	or	more	atoms	joined	by
strong	forces	called	chemical	bonds.	The	atoms	in	a	molecule	move	around	as	a	unit,	much	like	the	cans	of	soda	in	a	six-pack	or	a	bunch	of	keys	joined	together	on	a	single	key	ring.	A	molecule	may	consist	of	two	or	more	identical	atoms,	as	in	the	molecules	found	in	the	elements	hydrogen,	oxygen,	and	sulfur,	or	it	may	consist	of	two	or	more	different
atoms,	as	in	the	molecules	found	in	water.	Each	water	molecule	is	a	unit	that	contains	two	hydrogen	atoms	and	one	oxygen	atom.	Each	glucose	molecule	is	a	unit	that	contains	6	carbon	atoms,	12	hydrogen	atoms,	and	6	oxygen	atoms.	Like	atoms,	molecules	are	incredibly	small	and	light.	If	an	ordinary	glass	of	water	were	enlarged	to	the	size	of	the
earth,	the	water	molecules	inside	it	would	be	about	the	size	of	golf	balls.	Figure	6.	The	elements	hydrogen,	oxygen,	phosphorus,	and	sulfur	form	molecules	consisting	of	two	or	more	atoms	of	the	same	element.	The	compounds	water,	carbon	dioxide,	and	glucose	consist	of	combinations	of	atoms	of	different	elements.	Classifying	Matter	We	can	classify
matter	into	several	categories.	Two	broad	categories	are	mixtures	and	pure	substances.	A	pure	substance	has	a	constant	composition.	All	specimens	of	a	pure	substance	have	exactly	the	same	makeup	and	properties.	Any	sample	of	sucrose	(table	sugar)	consists	of	42.1%	carbon,	6.5%	hydrogen,	and	51.4%	oxygen	by	mass.	Any	sample	of	sucrose	also
has	the	same	physical	properties,	such	as	melting	point,	color,	and	sweetness,	regardless	of	the	source	from	which	it	is	isolated.	We	can	divide	pure	substances	into	two	classes:	elements	and	compounds.	Pure	substances	that	cannot	be	broken	down	into	simpler	substances	by	chemical	changes	are	called	elements.	Iron,	silver,	gold,	aluminum,	sulfur,
oxygen,	and	copper	are	familiar	examples	of	the	more	than	100	known	elements,	of	which	about	90	occur	naturally	on	the	earth,	and	two	dozen	or	so	have	been	created	in	laboratories.	Pure	substances	that	can	be	broken	down	by	chemical	changes	are	called	compounds.	This	breakdown	may	produce	either	elements	or	other	compounds,	or	both.
Mercury(II)	oxide,	an	orange,	crystalline	solid,	can	be	broken	down	by	heat	into	the	elements	mercury	and	oxygen	(Figure	7).	When	heated	in	the	absence	of	air,	the	compound	sucrose	is	broken	down	into	the	element	carbon	and	the	compound	water.	(The	initial	stage	of	this	process,	when	the	sugar	is	turning	brown,	is	known	as	caramelization—this
is	what	imparts	the	characteristic	sweet	and	nutty	flavor	to	caramel	apples,	caramelized	onions,	and	caramel).	Silver(I)	chloride	is	a	white	solid	that	can	be	broken	down	into	its	elements,	silver	and	chlorine,	by	absorption	of	light.	This	property	is	the	basis	for	the	use	of	this	compound	in	photographic	films	and	photochromic	eyeglasses	(those	with
lenses	that	darken	when	exposed	to	light).	Figure	7.	(a)The	compound	mercury(II)	oxide,	(b)when	heated,	(c)	decomposes	into	silvery	droplets	of	liquid	mercury	and	invisible	oxygen	gas.	(credit:	modification	of	work	by	Paul	Flowers)	Many	compounds	break	down	when	heated.	This	video	shows	the	breakdown	of	mercury	oxide,	HgO.	You	can	also	view
an	example	of	the	photochemical	decomposition	of	silver	chloride	(AgCl),	the	basis	of	early	photography.	The	properties	of	combined	elements	are	different	from	those	in	the	free,	or	uncombined,	state.	For	example,	white	crystalline	sugar	(sucrose)	is	a	compound	resulting	from	the	chemical	combination	of	the	element	carbon,	which	is	a	black	solid	in
one	of	its	uncombined	forms,	and	the	two	elements	hydrogen	and	oxygen,	which	are	colorless	gases	when	uncombined.	Free	sodium,	an	element	that	is	a	soft,	shiny,	metallic	solid,	and	free	chlorine,	an	element	that	is	a	yellow-green	gas,	combine	to	form	sodium	chloride	(table	salt),	a	compound	that	is	a	white,	crystalline	solid.	A	mixture	is	composed
of	two	or	more	types	of	matter	that	can	be	present	in	varying	amounts	and	can	be	separated	by	physical	changes,	such	as	evaporation	(you	will	learn	more	about	this	later).	A	mixture	with	a	composition	that	varies	from	point	to	point	is	called	a	heterogeneous	mixture.	Italian	dressing	is	an	example	of	a	heterogeneous	mixture	(Figure	8).	Its
composition	can	vary	because	we	can	make	it	from	varying	amounts	of	oil,	vinegar,	and	herbs.	It	is	not	the	same	from	point	to	point	throughout	the	mixture—one	drop	may	be	mostly	vinegar,	whereas	a	different	drop	may	be	mostly	oil	or	herbs	because	the	oil	and	vinegar	separate	and	the	herbs	settle.	Other	examples	of	heterogeneous	mixtures	are
chocolate	chip	cookies	(we	can	see	the	separate	bits	of	chocolate,	nuts,	and	cookie	dough)	and	granite	(we	can	see	the	quartz,	mica,	feldspar,	and	more).	A	homogeneous	mixture,	also	called	a	solution,	exhibits	a	uniform	composition	and	appears	visually	the	same	throughout.	An	example	of	a	solution	is	a	sports	drink,	consisting	of	water,	sugar,
coloring,	flavoring,	and	electrolytes	mixed	together	uniformly	(Figure	8).	Each	drop	of	a	sports	drink	tastes	the	same	because	each	drop	contains	the	same	amounts	of	water,	sugar,	and	other	components.	Note	that	the	composition	of	a	sports	drink	can	vary—it	could	be	made	with	somewhat	more	or	less	sugar,	flavoring,	or	other	components,	and	still
be	a	sports	drink.	Other	examples	of	homogeneous	mixtures	include	air,	maple	syrup,	gasoline,	and	a	solution	of	salt	in	water.	Figure	8.	(a)	Oil	and	vinegar	salad	dressing	is	a	heterogeneous	mixture	because	its	composition	is	not	uniform	throughout.	(b)	A	commercial	sports	drink	is	a	homogeneous	mixture	because	its	composition	is	uniform
throughout.	(credit	a	“left”:	modification	of	work	by	John	Mayer;	credit	a	“right”:	modification	of	work	by	Umberto	Salvagnin;	credit	b	“left:	modification	of	work	by	Jeff	Bedford)	Although	there	are	just	over	100	elements,	tens	of	millions	of	chemical	compounds	result	from	different	combinations	of	these	elements.	Each	compound	has	a	specific
composition	and	possesses	definite	chemical	and	physical	properties	by	which	we	can	distinguish	it	from	all	other	compounds.	And,	of	course,	there	are	innumerable	ways	to	combine	elements	and	compounds	to	form	different	mixtures.	A	summary	of	how	to	distinguish	between	the	various	major	classifications	of	matter	is	shown	in	(Figure	9).	Figure
9.	Depending	on	its	properties,	a	given	substance	can	be	classified	as	a	homogeneous	mixture,	a	heterogeneous	mixture,	a	compound,	or	an	element.	Eleven	elements	make	up	about	99%	of	the	earth’s	crust	and	atmosphere	(Table	1).	Oxygen	constitutes	nearly	one-half	and	silicon	about	one-quarter	of	the	total	quantity	of	these	elements.	A	majority	of
elements	on	earth	are	found	in	chemical	combinations	with	other	elements;	about	one-quarter	of	the	elements	are	also	found	in	the	free	state.	Table	1.	Elemental	Composition	of	Earth	Element	Symbol	Percent	Mass	Element	Symbol	Percent	Mass	oxygen	O	49.20	chlorine	Cl	0.19	silicon	Si	25.67	phosphorus	P	0.11	aluminum	Al	7.50	manganese	Mn	0.09
iron	Fe	4.71	carbon	C	0.08	calcium	Ca	3.39	sulfur	S	0.06	sodium	Na	2.63	barium	Ba	0.04	potassium	K	2.40	nitrogen	N	0.03	magnesium	Mg	1.93	fluorine	F	0.03	hydrogen	H	0.87	strontium	Sr	0.02	titanium	Ti	0.58	all	others	–	0.47	Matter	is	anything	that	occupies	space	and	has	mass.	The	basic	building	block	of	matter	is	the	atom,	the	smallest	unit	of
an	element	that	can	enter	into	combinations	with	atoms	of	the	same	or	other	elements.	In	many	substances,	atoms	are	combined	into	molecules.	On	earth,	matter	commonly	exists	in	three	states:	solids,	of	fixed	shape	and	volume;	liquids,	of	variable	shape	but	fixed	volume;	and	gases,	of	variable	shape	and	volume.	Under	high-temperature	conditions,
matter	also	can	exist	as	a	plasma.	Most	matter	is	a	mixture:	It	is	composed	of	two	or	more	types	of	matter	that	can	be	present	in	varying	amounts	and	can	be	separated	by	physical	means.	Heterogeneous	mixtures	vary	in	composition	from	point	to	point;	homogeneous	mixtures	have	the	same	composition	from	point	to	point.	Pure	substances	consist	of
only	one	type	of	matter.	A	pure	substance	can	be	an	element,	which	consists	of	only	one	type	of	atom	and	cannot	be	broken	down	by	a	chemical	change,	or	a	compound,	which	consists	of	two	or	more	types	of	atoms.	Why	do	we	use	an	object’s	mass,	rather	than	its	weight,	to	indicate	the	amount	of	matter	it	contains?	What	properties	distinguish	solids
from	liquids?	Liquids	from	gases?	Solids	from	gases?	How	does	a	heterogeneous	mixture	differ	from	a	homogeneous	mixture?	How	are	they	similar?	How	does	a	homogeneous	mixture	differ	from	a	pure	substance?	How	are	they	similar?	How	does	an	element	differ	from	a	compound?	How	are	they	similar?	How	do	molecules	of	elements	and	molecules
of	compounds	differ?	In	what	ways	are	they	similar	How	does	an	atom	differ	from	a	molecule?	In	what	ways	are	they	similar?	Many	of	the	items	you	purchase	are	mixtures	of	pure	compounds.	Select	three	of	these	commercial	products	and	prepare	a	list	of	the	ingredients	that	are	pure	compounds.	Classify	each	of	the	following	as	an	element,	a
compound,	or	a	mixture:	copper	water	nitrogen	sulfur	air	sucrose	a	substance	composed	of	molecules	each	of	which	contains	two	iodine	atoms	gasoline	Classify	each	of	the	following	as	an	element,	a	compound,	or	a	mixture:	iron	oxygen	mercury	oxide	pancake	syrup	carbon	dioxide	a	substance	composed	of	molecules	each	of	which	contains	one
hydrogen	atom	and	one	chlorine	atom	baking	soda	baking	powder	A	sulfur	atom	and	a	sulfur	molecule	are	not	identical.	What	is	the	difference?	How	are	the	molecules	in	oxygen	gas,	the	molecules	in	hydrogen	gas,	and	water	molecules	similar?	How	do	they	differ?	We	refer	to	astronauts	in	space	as	weightless,	but	not	without	mass.	Why?	As	we	drive
an	automobile,	we	don’t	think	about	the	chemicals	consumed	and	produced.	Prepare	a	list	of	the	principal	chemicals	consumed	and	produced	during	the	operation	of	an	automobile.	Matter	is	everywhere	around	us.	Make	a	list	by	name	of	fifteen	different	kinds	of	matter	that	you	encounter	every	day.	Your	list	should	include	(and	label	at	least	one
example	of	each)	the	following:	a	solid,	a	liquid,	a	gas,	an	element,	a	compound,	a	homogenous	mixture,	a	heterogeneous	mixture,	and	a	pure	substance.	atom:	smallest	particle	of	an	element	that	can	enter	into	a	chemical	combination	compound:	pure	substance	that	can	be	decomposed	into	two	or	more	elements	element:	substance	that	is	composed
of	a	single	type	of	atom;	a	substance	that	cannot	be	decomposed	by	a	chemical	change	gas:	state	in	which	matter	has	neither	definite	volume	nor	shape	heterogeneous	mixture:	combination	of	substances	with	a	composition	that	varies	from	point	to	point	homogeneous	mixture:	(also,	solution)	combination	of	substances	with	a	composition	that	is
uniform	throughout	liquid:	state	of	matter	that	has	a	definite	volume	but	indefinite	shape	law	of	conservation	of	matter:	when	matter	converts	from	one	type	to	another	or	changes	form,	there	is	no	detectable	change	in	the	total	amount	of	matter	present	mass:	fundamental	property	indicating	amount	of	matter	matter:	anything	that	occupies	space	and
has	mass	mixture:	matter	that	can	be	separated	into	its	components	by	physical	means	molecule:	bonded	collection	of	two	or	more	atoms	of	the	same	or	different	elements	plasma:	gaseous	state	of	matter	containing	a	large	number	of	electrically	charged	atoms	and/or	molecules	pure	substance:	homogeneous	substance	that	has	a	constant	composition
solid:	state	of	matter	that	is	rigid,	has	a	definite	shape,	and	has	a	fairly	constant	volume	weight:	force	that	gravity	exerts	on	an	object


