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The	periodic	table	lists	an	element's	symbol,	atomic	number,	and	atomic	weight.	In	some	cases,	additional	information	is	also	provided,	such	as	the	element	name	and	group.	2019	Periodic	Table	of	the	Elements.	Todd	Helmenstine,	sciencenotes.org	This	color	periodic	table	contains	the	accepted	standard	atomic	weights	(atomic	masses)	of	each
element	as	accepted	by	the	IUPAC.	The	IUPAC	doesn't	update	these	values	annually,	so	these	are	the	most	recent	values	for	2019.	This	periodic	table	is	suitable	for	a	computer	and	mobile	device	wallpaper.	The	1920x1080	image	file	is	a	PDF	file	that	you	can	download	and	print.	The	periodic	table	is	high	definition	(HD),	optimized	for	printing,	and
resizes	cleanly.	In	December,	2018,	the	IUPAC	updated	its	periodic	table	to	include	revisions	to	the	atomic	weight	values.	You	may	notice	the	table	includes	a	range	of	values	for	most	elements.	This	is	because	the	isotope	ratio	greatly	depends	on	the	element	sample	source.	Also,	atomic	weight	values,	typically	listed	in	brackets,	are	no	longer	included
for	synthetic	elements.	This	is	because	only	specific	isotopes	are	made	and	there	is	no	natural	abundance.	For	most	chemistry	calculations,	you'll	want	a	single	value	for	atomic	weight.	This	is	why	the	2019	periodic	table	lists	the	latest	(2015)	single	numbers.	However,	you	can	get	the	latest	range	of	values	from	the	IUPAC	table.	Atomic	radius	is	a
term	used	to	describe	the	size	of	an	atom.	However,	there	is	no	standard	definition	for	this	value.	The	atomic	radius	may	refer	to	the	ionic	radius,	covalent	radius,	metallic	radius,	or	van	der	Waals	radius.	No	matter	what	criteria	you	use	to	describe	the	atomic	radius,	the	size	of	an	atom	is	dependent	on	how	far	out	its	electrons	extend.	The	atomic
radius	of	an	element	tends	to	increase	the	further	down	you	go	in	an	element	group.	That's	because	the	electrons	become	more	tightly	packed	as	you	move	across	the	periodic	table,	so	while	there	are	more	electrons	for	elements	of	increasing	atomic	number,	the	atomic	radius	may	decrease.	The	atomic	radius	moving	down	an	element	period	or
column	tends	to	increase	because	an	additional	electron	shell	is	added	for	each	new	row.	In	general,	the	largest	atoms	are	at	the	bottom	left	side	of	the	periodic	table.	The	atomic	and	ionic	radius	is	the	same	for	atoms	of	neutral	elements,	such	as	argon,	krypton,	and	neon.	However,	many	atoms	of	elements	are	more	stable	than	atomic	ions.	If	the
atom	loses	its	outermost	electron,	it	becomes	a	cation	or	positively	charged	ion.	Examples	include	K+	and	Na+.	Some	atoms	might	lose	multiple	outer	electrons,	such	as	Ca2+.	When	electrons	are	removed	from	an	atom,	it	might	lose	its	outermost	electron	shell,	making	the	ionic	radius	smaller	than	the	atomic	radius.	In	contrast,	some	atoms	are	more
stable	if	they	gain	one	or	more	electrons,	forming	an	anion	or	negatively	charged	atomic	ion.	Examples	include	Cl-	and	F-.	Because	another	electron	shell	isn't	added,	the	size	difference	between	the	atomic	radius	and	ionic	radius	of	an	anion	isn't	as	much	as	for	a	cation.	The	anion	ionic	radius	is	the	same	as	or	slightly	larger	than	the	atomic	radius.
Overall,	the	trend	for	the	ionic	radius	is	the	same	as	for	the	atomic	radius:	increasing	in	size	moving	across	and	decreasing	moving	down	the	periodic	table.	However,	it's	tricky	to	measure	the	ionic	radius,	not	the	least	because	charged	atomic	ions	repel	each	other.	You	can't	put	atoms	under	a	normal	microscope	and	measure	their	size—although	you
can	"kind	of"	do	it	using	an	atomic	force	microscope.	Also,	atoms	don't	sit	still	for	examination;	they	are	constantly	in	motion.	Thus,	any	measure	of	atomic	(or	ionic)	radius	is	an	estimate	that	contains	a	large	margin	of	error.	The	atomic	radius	is	measured	based	on	the	distance	between	the	nuclei	of	two	atoms	that	are	barely	touching	each	other,
which	means	the	electron	shells	of	the	two	atoms	are	just	touching	each	other.	This	diameter	between	the	atoms	is	divided	by	two	to	give	the	radius.	It's	important,	however,	that	the	two	atoms	don't	share	a	chemical	bond	(e.g.,	O2,	H2)	because	the	bond	implies	an	overlap	of	the	electron	shells	or	a	shared	outer	shell.	The	atomic	radii	of	atoms	cited	in
the	literature	are	usually	empirical	data	taken	from	crystals.	For	newer	elements,	the	atomic	radii	are	theoretical	or	calculated	values,	based	on	the	probable	size	of	the	electron	shells.	A	picometer	is	1-trillionth	of	a	meter.	The	atomic	radius	of	the	hydrogen	atom	is	about	53	picometers.The	atomic	radius	of	an	iron	atom	is	about	156	picometers.The
largest	measured	atom	is	cesium,	which	has	a	radius	of	about	298	picometers.	You	can't	simply	whip	out	a	yardstick	or	ruler	to	measure	the	size	of	an	atom.	These	building	blocks	of	all	matter	are	much	too	small,	and,	since	electrons	are	always	in	motion,	the	diameter	of	an	atom	is	a	bit	fuzzy.	Two	measures	used	to	describe	atomic	size	are	atomic
radius	and	ionic	radius.	The	two	are	very	similar—and	in	some	cases,	even	the	same—but	there	are	minor	and	important	differences	between	them.	Read	on	to	learn	more	about	these	two	ways	to	measure	an	atom.	There	are	different	ways	to	measure	the	size	of	the	atom,	including	atomic	radius,	ionic	radius,	covalent	radius,	and	van	der	Waals
radius.The	atomic	radius	is	half	the	diameter	of	a	neutral	atom.	In	other	words,	it	is	half	the	diameter	of	an	atom,	measuring	across	the	outer	stable	electrons.The	ionic	radius	is	half	the	distance	between	two	gas	atoms	that	are	just	touching	each	other.	This	value	may	be	the	same	as	the	atomic	radius,	or	it	may	be	larger	for	anions	and	the	same	size
or	smaller	for	cations.Both	atomic	and	ionic	radius	follow	the	same	trend	on	the	periodic	table.	Generally,	radius	decreases	moving	across	a	period	(row)	and	increases	moving	down	a	group	(column).	The	atomic	radius	is	the	distance	from	the	atomic	nucleus	to	the	outermost	stable	electron	of	a	neutral	atom.	In	practice,	the	value	is	obtained	by
measuring	the	diameter	of	an	atom	and	dividing	it	in	half.	The	radii	of	neutral	atoms	range	from	30	to	300	pm	or	trillionths	of	a	meter.	The	atomic	radius	is	a	term	used	to	describe	the	size	of	the	atom.	However,	there	is	no	standard	definition	for	this	value.	Atomic	radius	may	actually	refer	to	the	ionic	radius,	as	well	as	the	covalent	radius,	metallic
radius,	or	van	der	Waals	radius.	The	ionic	radius	is	half	the	distance	between	two	gas	atoms	that	are	just	touching	each	other.	Values	range	from	30	pm	to	over	200	pm.	In	a	neutral	atom,	the	atomic	and	ionic	radius	are	the	same,	but	many	elements	exist	as	anions	or	cations.	If	the	atom	loses	its	outermost	electron	(positively	charged	or	cation),	the
ionic	radius	is	smaller	than	the	atomic	radius	because	the	atom	loses	an	electron	energy	shell.	If	the	atom	gains	an	electron	(negatively	charged	or	anion),	usually	the	electron	falls	into	an	existing	energy	shell	so	the	size	of	the	ionic	radius	and	atomic	radius	are	comparable.	The	concept	of	the	ionic	radius	is	further	complicated	by	the	shape	of	atoms
and	ions.	While	particles	of	matter	are	often	depicted	as	spheres,	they	aren't	always	round.	Researchers	have	discovered	chalcogen	ions	are	actually	ellipsoid	in	shape.	Whichever	method	you	use	to	describe	atomic	size,	it	displays	a	trend	or	periodicity	in	the	periodic	table.	Periodicity	refers	to	the	recurring	trends	that	are	seen	in	the	element
properties.	These	trends	became	apparent	to	Demitri	Mendeleev	when	he	arranged	the	elements	in	order	of	increasing	mass.	Based	on	the	properties	that	were	displayed	by	the	known	elements,	Mendeleev	was	able	to	predict	where	there	were	holes	in	his	table,	or	elements	yet	to	be	discovered.	The	modern	periodic	table	is	very	similar	to
Mendeleev's	table	but	today,	elements	are	ordered	by	increasing	atomic	number,	which	reflects	the	number	of	protons	in	an	atom.	There	aren't	any	undiscovered	elements,	although	new	elements	can	be	created	that	have	even	higher	numbers	of	protons.	Atomic	and	ionic	radius	increase	as	you	move	down	a	column	(group)	of	the	periodic	table
because	an	electron	shell	is	added	to	the	atoms.	Atomic	size	decreases	as	you	move	across	a	row—or	period—of	the	table	because	the	increased	number	of	protons	exerts	a	stronger	pull	on	the	electrons.	Noble	gasses	are	the	exception.	Although	the	size	of	a	noble	gas	atom	does	increase	as	you	move	down	the	column,	these	atoms	are	larger	than	the
preceding	atoms	in	a	row.	Basdevant,	J.-L.;	Rich,	J.;	Spiro,	M.	"Fundamentals	in	Nuclear	Physics".	Springer.	2005.	ISBN	978-0-387-01672-6.	Cotton,	F.	A.;	Wilkinson,	G.	"Advanced	Inorganic	Chemistry"	(5th	ed.,	p.1385).	Wiley.	1988.	ISBN	978-0-471-84997-1.Pauling,	L.	"The	Nature	of	the	Chemical	Bond"	(3rd	ed.).	Ithaca,	NY:	Cornell	University	Press.
1960Wasastjerna,	J.	A.	"On	the	Radii	of	Ions".	Comm.	Phys.-Math.,	Soc.	Sci.	Fenn.	1	(38):	1–25.	1923	Each	atom	of	atomic	number	3	has	three	protons.	Lithium	may	have	a	different	number	of	neutrons	and	electrons,	depending	on	the	isotope	or	ion.	ROGER	HARRIS/SCIENCE	PHOTO	LIBRARY	/	Getty	Images	Lithium	is	the	element	that	is	atomic
number	3	on	the	periodic	table.	These	means	each	atom	contains	3	protons.	Lithium	is	a	soft,	silvery,	light	alkali	metal	denoted	with	the	symbol	Li.	Here	are	interesting	facts	about	atomic	number	3:	Lithium	is	the	lightest	metal	and	the	lightest	solid	element	at	ordinary	temperature	and	pressure.	The	density	of	the	solid	near	room	temperature	is
0.534	g/cm3.	This	means	it	not	only	floats	on	water,	but	is	only	about	half	as	dense	as	it.	It	is	so	light,	it	can	even	float	on	oil.	It	also	has	the	highest	specific	heat	capacity	of	a	solid	element.	Element	number	3	has	the	highest	melting	point	and	boiling	point	of	the	alkali	metals.	Element	number	3	is	soft	enough	to	cut	with	shears.	Freshly	cut	metal	is
silver-colored,	with	a	metallic	luster.	However,	moist	air	quickly	corrodes	the	metal,	turning	it	dull	gray	and	finally	black.	Among	its	uses,	lithium	is	used	in	medications	for	bipolar	disorder,	to	make	lithium	ion	batteries,	and	to	add	a	red	color	to	fireworks.	It's	also	used	in	glass	and	ceramics	and	to	make	high	temperature	lubricant	grease.	It	is	a
coolant	in	breeder	reactors	and	a	source	of	tritium	when	atomic	number	3	is	bombarded	with	neutrons.	Lithium	is	the	only	alkali	metal	that	reacts	with	nitrogen.	Yet,	it	is	the	least	reactive	metal	in	its	element	group.	This	is	because	the	lithium	valence	electron	is	so	close	to	the	atomic	nucleus.	While	lithium	metal	burns	in	water,	it	does	not	do	so	as
vigorously	as	sodium	or	potassium.	Lithium	metal	will	burn	in	air	and	should	be	stored	under	kerosene	or	in	an	inert	atmosphere,	like	argon.	Don't	try	to	extinguish	a	lithium	fire	with	water	as	it	will	only	make	it	worse!	Because	the	human	body	contains	a	lot	of	water,	lithium	will	also	burn	skin.	It	is	corrosive	and	should	not	be	handled	without
protective	gear.	The	name	for	the	element	comes	from	the	Greek	word	"lithos",	which	means	"stone".	Lithium	was	discovered	in	the	mineral	petalite	(LiAISi4O10).	Brazilian	naturalist	and	statesman,	Jozé	Bonifácio	de	Andralda	e	Silva	found	the	stone	on	the	Swedish	isle	Utö.	Although	the	mineral	looked	like	an	ordinary	gray	rock,	it	flared	red	when
thrown	into	a	fire.	Swedish	chemist	Johan	August	Arfvedson	determined	the	mineral	contained	a	previously	unknown	element.	He	couldn't	isolate	a	pure	specimen,	but	did	produce	a	lithium	salt	from	petalite	in	1817.	The	atomic	mass	of	lithium	is	6.941.	The	atomic	mass	is	a	weighted	average	that	accounts	for	the	natural	isotope	abundance	of	the
element.	Lithium	is	believed	to	be	one	of	only	three	chemical	elements	produced	in	the	Big	Bang	that	formed	the	universe.	The	other	two	elements	are	hydrogen	and	helium.	However,	lithium	is	relatively	uncommon	in	the	universe.	Scientists	believe	the	reason	is	that	lithium	is	nearly	unstable,	with	isotopes	that	have	the	lowest	binding	energies	per
nucleon	of	any	stable	nuclides.	Several	isotopes	of	lithium	are	known,	but	the	natural	element	is	a	mix	of	two	stable	isotopes.	Li-7	(92.41	percent	natural	abundance)	and	Li-6	(7.59	percent	natural	abundance).	The	most	stable	radioisotope	is	lithium-8,	which	has	a	half-life	of	838	ms.	Lithium	readily	loses	its	outer	electron	to	form	the	Li+	ion.	This
leaves	the	atom	with	a	stable	inner	shell	of	two	electrons.	The	lithium	ion	readily	conducts	electricity.	Because	of	its	high	reactivity,	lithium	is	not	found	in	nature	as	a	pure	element,	but	the	ion	is	abundant	in	sea	water.	Lithium	compounds	are	found	in	clay.	Mankind's	first	fusion	reaction	involved	atomic	number	3,	in	which	lithium	was	used	to	make
hydrogen	isotopes	for	fusion	by	Mark	Oliphant	in	1932.	Lithium	is	found	in	trace	amounts	in	living	organisms,	but	its	function	is	unclear.	Lithium	salts	are	used	to	treat	bipolar	disorder,	where	they	act	to	stabilize	mood.	Lithium	is	a	superconductor	at	ordinary	pressure	at	an	extremely	low	temperature.	It	also	superconducts	at	higher	temperatures
when	the	pressure	is	very	high	(greater	than	20	GPa).	Lithium	displays	multiple	crystal	structures	and	allotropes.	It	exhibits	a	rhombohedral	crystal	structure	(nine	layer	repeat	spacing)	around	4	K	(liquid	helium	temperature),	transitioning	to	a	face-centered	cubic	and	body-centered	cubic	structure	as	the	temperature	increases.
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