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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	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.	From	the	semicircular	dining	room,	aglow	with	silver	and	scarlet,	to	the	piped-in	trance	soundtrack,	Michael	Schlow's	subtly	hedonistic	flagship	would	make	a	great	backdrop	for	some	modern-day	Fellini	-	who	would	undoubtedly	cast	his
leads	straight	from	the	jet-	and	trend-setting	clientele.	Of	course,	it's	the	glamorous	New	French	cuisine	that	would	steal	the	scene.	If	dinner	is	too	pricey	for	your	budget,	cut	to	the	bar	for	top-notch	cocktails	and	finger	food.	An	atom	is	the	basic	unit	of	an	element.	An	atom	is	a	form	of	matter	which	may	not	be	further	broken	down	using	any	chemical
means.	A	typical	atom	consists	of	protons,	neutrons,	and	electrons.	Any	element	listed	on	the	periodic	table	consists	of	specific	atoms.	Hydrogen,	helium,	oxygen,	and	uranium	are	examples	of	types	of	atoms.	Some	matter	is	either	smaller	or	larger	than	an	atom.	Examples	of	chemical	species	that	are	not	typically	considered	atoms	includes	particles
that	are	components	of	atoms:	protons,	neutrons,	and	electrons.	Molecules	and	compounds	consist	of	atoms	but	are	not	themselves	atoms.	Examples	of	molecules	and	compounds	include	salt	(NaCl),	water	(H2O)	and	methanol	(CH2OH).	Electrically	charged	atoms	are	called	ions.	They	are	still	types	of	atoms.	Monoatomic	ions	include	H+	and	O2-.
There	are	also	molecular	ions,	which	are	not	atoms	(e.g.,	ozone,	O3-).	Would	you	consider	a	single	unit	of	hydrogen	to	be	an	example	of	an	atom?	Keep	in	mind,	most	hydrogen	"atoms"	do	not	have	a	proton,	neutron,	and	electron.	Given	that	the	number	of	protons	determines	the	identity	of	an	element,	many	scientists	consider	a	single	proton	to	be	an
atom	of	the	element	hydrogen.	Crystalline	silicon	was	the	semiconductor	material	used	in	the	earliest	successful	PV	devices	and	continues	to	be	the	most	widely	used	PV	material	today.	While	other	PV	materials	and	designs	exploit	the	PV	effect	in	slightly	different	ways,	understanding	how	the	effect	works	in	crystalline	silicon	gives	us	a	basic
understanding	of	how	it	works	in	all	devices.	All	matter	is	composed	of	atoms,	which	are,	in	turn,	composed	of	positively	charged	protons,	negatively	charged	electrons,	and	neutral	neutrons.	The	protons	and	neutrons,	which	are	approximately	equal	in	size,	make	up	the	close-packed	central	"nucleus"	of	the	atom.	This	is	where	almost	all	the	mass	of
the	atom	is	located.	Meanwhile,	the	much	lighter	electrons	orbit	the	nucleus	at	very	high	velocities.	Although	the	atom	is	built	from	oppositely	charged	particles,	its	overall	charge	is	neutral	because	it	contains	an	equal	number	of	positive	protons	and	negative	electrons.	The	four	electrons	that	orbit	the	nucleus	in	the	outermost	or	"valence"	energy
level	are	given	to,	accepted	from	or	shared	with	other	atoms.	The	electrons	orbit	the	nucleus	at	different	distances	and	this	is	determined	by	their	energy	level.	For	example,	an	electron	with	less	energy	would	orbit	closer	to	the	nucleus,	whereas	one	of	greater	energy	orbits	further	away.	It	is	the	electrons	that	are	furthest	from	the	nucleus	that
interacts	with	those	of	neighboring	atoms	to	determine	the	way	solid	structures	are	formed.	Although	the	silicon	atom	has	14	electrons,	their	natural	orbital	arrangement	allows	only	the	outer	four	of	these	to	be	given	to,	accepted	from,	or	shared	with	other	atoms.	These	outer	four	electrons	are	called	"valence"	electrons	and	they	play	an	immensely
important	role	in	producing	the	photovoltaic	effect.	So	what	is	the	photovoltaic	effect	or	PV?	The	photovoltaic	effect	is	the	basic	physical	process	through	which	a	photovoltaic	cell	converts	energy	from	the	sun	into	usable	electricity.	Sunlight	itself	is	composed	of	photons	or	particles	of	solar	energy.	And	these	photons	contain	various	amounts	of
energy	that	correspond	to	the	different	wavelengths	of	the	solar	spectrum.	It’s	when	silicon	is	in	its	crystalline	form	that	the	conversion	of	solar	energy	into	electricity	can	take	place.	Large	numbers	of	silicon	atoms	can	bond	together	to	form	a	crystal	through	their	valence	electrons.	In	a	crystalline	solid,	each	silicon	atom	normally	shares	one	of	its
four	valence	electrons	in	a	"covalent"	bond	with	each	of	four	neighboring	silicon	atoms.	The	solid	then	consists	of	basic	units	of	five	silicon	atoms:	the	original	atom	plus	the	four	other	atoms	with	which	it	shares	its	valence	electrons.	In	the	basic	unit	of	crystalline	silicon	solid,	a	silicon	atom	shares	each	of	its	four	valence	electrons	with	each	of	four
neighboring	atoms.	The	solid	silicon	crystal	is	composed	of	a	regular	series	of	units	of	five	silicon	atoms.	This	regular	and	fixed	arrangement	of	silicon	atoms	is	known	as	the	"crystal	lattice."
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