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The	regions	or	spaces	around	the	nucleus	where	the	probability	of	finding	an	electron	is	zero	are	called	nodes.The	atomic	orbitals	or	orbital	wave	functions	can	be	represented	by	the	product	of	two	wave	functions,	radial	and	angular	wave	function.	A	node	is	a	point	where	a	wave	function	passes	through	zero.	The	nodes	are	classified	into	two	types	(i)
Radial	nodes	and	(ii)	Angular	nodes.The	spherical	surfaces	around	the	nucleus	where	the	probability	of	finding	an	electron	is	zero	are	called	radial	nodes.	The	planes	or	planar	areas	around	the	nucleus	where	the	probability	of	finding	an	electron	is	zero	are	called	angular	nodes.	Radial	nodes	are	the	spherical	surface	region	where	the	probability	of
finding	an	electron	is	zero.	It	depends	on	both	the	values	of	the	principal	quantum	number	and	the	azimuthal	quantum	number.	The	number	of	nodes	of	particular	orbital	an	increases	with	increase	in	their	principal	quantum	number.Radial	nodes	can	be	find	out	by	the	formulaNumber	of	Radial	nodes	=	n-l-1	=	n-(l+1)Where	n	=	principal	quantum
number,l	=	Azimuthal	quantum	number	(a)	Calculating	the	number	of	radial	nodes	of	1s	orbital;In	1s	orbital,	the	value	of	principal	quantum	number	(n)=	1	and	the	value	of	Azimuthal	quantum	number	(l)=	0Number	of	Radial	nodes	=	n	l-1	=	1-0-1=	0(b)	Calculating	the	number	of	radial	nodes	of	2s	orbital;In	1s	orbital,	the	value	of	principal	quantum
number	(n)=	2	and	the	value	of	Azimuthal	quantum	number	(l)=	0Number	of	Radial	nodes	=	n	l-1=	2-0-1=	1(c)	Calculating	the	number	of	radial	nodes	of	3s	orbital;In	1s	orbital,	the	value	of	principal	quantum	number	(n)=	3	and	the	value	of	Azimuthal	quantum	number	(l)=	0Number	of	Radial	nodes	=	n	l	-1	=	3	0	1=	2(d)	Calculating	the	number	of
radial	nodes	of	2p	orbital;In	2p	orbital,	the	value	of	principal	quantum	number	(n)=	2	and	the	value	of	Azimuthal	quantum	number	(l)=	1Number	of	Radial	nodes	=	n-l-1	=	2-1-1=	0(e)	Calculating	the	number	of	radial	nodes	of	3d	orbital;In	2p	orbital,	the	value	of	principal	quantum	number	(n)=	3	and	the	value	of	Azimuthal	quantum	number	(l)=
2Number	of	Radial	nodes	=	n-l-1	=	3-2-1=	0	Formula	for	Angular	nodesThe	planes	or	planar	areas	around	the	nucleus	where	the	probability	of	finding	an	electron	is	zero	are	called	angular	nodes.	The	value	of	the	angular	nodes	does	not	depend	upon	the	value	of	the	principal	quantum	number.	It	only	depends	on	the	value	of	the	azimuthal	quantum
number.Number	of	Angular	nodes	=	lWhere	l	=	Azimuthal	quantum	numberNote:	Angular	nodes	are	also	called	Nodal	planes.Calculation	of	Angular	node(a)	Calculating	the	angular	nodes/	nodal	planes	of	1s	orbital;In	1s	orbital,	the	value	of	Azimuthal	quantum	number	(l)=	0Number	of	Angular	nodes	=	l	=	0(b)	Calculating	the	angular	nodes/	nodal
planes	of	2s	orbital;In	2s	orbital,	the	value	of	Azimuthal	quantum	number	(l)=	0Number	of	Angular	nodes	=	l	=	0(c)	Calculating	the	angular	nodes/	nodal	planes	of	2p	orbital;In	2p	orbital,	the	value	of	Azimuthal	quantum	number	(l)=	1Number	of	Angular	nodes	=	l	=	1	(d)	Calculating	the	angular	nodes/	nodal	planes	of	3d	orbital;In	3d	orbital,	the	value
of	Azimuthal	quantum	number	(l)=	2Number	of	Angular	nodes	=	l	=	2Calculations	of	a	Total	number	of	nodesThe	total	number	of	nodes	is	defined	as	the	sum	of	the	number	of	radial	nodes	and	angular	nodes.Total	number	of	nodes	=	Number	of	radial	nodes	+	Number	of	Angular	nodes	=	(n-l-1)	+	l	=	(n-1)Total	number	of	nodes	=(n-1)Note:	If	the	node
at	r	=	is	also	considered	then	the	number	of	nodes	will	be	n	(not	n-1)(a)	Calculating	the	total	number	of	nodes	of	2s	orbital:In	2s	orbital,	the	value	of	principal	quantum	number	(n)=	2	and	the	value	of	Azimuthal	quantum	number	(l)=	0Total	number	of	nodes	=	n-1=	2-1=	1The	formula	for	angular	nodes	is	equal	to	l	.	The	formula	for	radial	nodes	is
equal	to	n-l-1.	Here	n	represents	the	principal	quantum	number	and	l	represents	the	azimuthal	quantum	number.Nodal	planes	are	also	called	angular	nodes.	The	planes	passing	through	the	nucleus	where	the	probability	of	finding	an	electron	is	zero	are	called	nodal	planes.	The	number	of	nodal	planes	of	an	orbital	is	equal	to	the	value	of	its	azimuthal
quantum	number.An	orbital	contains	two	types	of	nodes	i.e	radial	nodes	and	angular	nodes.The	spherical	surfaces	around	the	nucleus	where	the	probability	of	finding	an	electron	is	zero	are	called	radial	nodes.	The	planes	or	planar	areas	around	the	nucleus	where	the	probability	of	finding	an	electron	is	zero	are	called	angular	nodes.	Radial	nodes
depend	on	both	principal	quantum	numbers	and	azimuthal	quantum	numbers.	Angular	nodes	depend	only	on	azimuthal	quantum	numbers.In	4s	orbital,	the	value	of	principal	quantum	number	(n)=	4	and	the	value	of	Azimuthal	quantum	number	(l)=	0,	Number	of	Radial	nodes	=	n-l-1=	4-0-1=	3.Doubtnut	is	No.1	Study	App	and	Learning	App	with
Instant	Video	Solutions	for	NCERT	Class	6,	Class	7,	Class	8,	Class	9,	Class	10,	Class	11	and	Class	12,	IIT	JEE	prep,	NEET	preparation	and	CBSE,	UP	Board,	Bihar	Board,	Rajasthan	Board,	MP	Board,	Telangana	Board	etc	NCERT	solutions	for	CBSE	and	other	state	boards	is	a	key	requirement	for	students.	Doubtnut	helps	with	homework,	doubts	and
solutions	to	all	the	questions.	It	has	helped	students	get	under	AIR	100	in	NEET	&	IIT	JEE.	Get	PDF	and	video	solutions	of	IIT-JEE	Mains	&	Advanced	previous	year	papers,	NEET	previous	year	papers,	NCERT	books	for	classes	6	to	12,	CBSE,	Pathfinder	Publications,	RD	Sharma,	RS	Aggarwal,	Manohar	Ray,	Cengage	books	for	boards	and	competitive
exams.Doubtnut	is	the	perfect	NEET	and	IIT	JEE	preparation	App.	Get	solutions	for	NEET	and	IIT	JEE	previous	years	papers,	along	with	chapter	wise	NEET	MCQ	solutions.	Get	all	the	study	material	in	Hindi	medium	and	English	medium	for	IIT	JEE	and	NEET	preparation1.	Radial	and	angular	parts	of	the	hydrogenic	wavefunctions,	variations	for	1s,
2s,	2p,	3s,	3p	and	3dorbitals	?Mr.	Mithil	Fal	Desai,	Ph.	D.Assistant	Professor	in	ChemistryShree	Mallikarjun	and	Shri	Chetan	Manju	Desai	CollegeCanacona,	Goa	2.	+	+	+	(	)	=	-----------1Schrodinger	equation	with	Cartesian	coordinates	3.	Cartesian	coordinates	and	Polar	coordinates	r(x,	y,	z)	or	(r,	,	)x	axiszaxisx	=	r	sin	cos	y	=	r	sin	sin	z	=	r	cos	m	=	4.	(
)	+	(	)	+	+	(	)	=	-----------2(r,	,	)	=	R(r),	(),	()(r,	,	)	=	R(r),	Y(,	)Schrodinger	equation	with	polar	coordinatesWe	have,	5.	(r,	,	)	=	R(r),	Y(,	)n	=	Rnl(r),	Ylm(,	)Schrodinger	equation	with	polar	coordinatesWe	have,	6.	Radial	component	R(r)	of	wave	function	gives	the	distribution	ofelectron	as	a	function	of	radius	r(distance	from	the	nucleus)Radial	wave
function	=	R(r)Radial	component	of	wave	functionRadial	wave	function	depends	on	principle	quantum	number	n	andazimuthal	quantum	number	l	and	have	a	common	function.	7.	Angular	component	Y(,	)	of	wave	function	gives	the	distribution	ofelectron	as	a	function	of	angle	(,	).Angular	component	of	wave	function	=	Y(,	)Angular	component	of	wave
functionAngular	component	depends	on	azimuthal	quantum	number	l	andmagnetic	quantum	number.	9.	Radial	variation	of	wave	functionPlot	the	graph	of	R(r)	v/s	r	for1s,	2s,	3s,	3p	and	3d	orbital	10.	Angular	variation	of	atomic	orbital	AnswerVerified	Hint:	The	question	will	be	solved	on	the	basis	of	the	solutions	in	consideration	with	the	Schrodingers
equation	for	the	atomic	orbitals.	Identify	the	terms	n,	l	and	m$_{l}$;	and	the	connection	with	the	radial	part	of	wave	function	could	be	known.Complete	step	by	step	answer:*	First,	we	will	define	the	radial	wave	function.	Radial	wave	functions	are	considered	in	the	solutions	of	Schrodinger	equation	as	mentioned.*	We	can	say	that	it	is	defined	in	terms
of	the	spherical	coordinates,	one	spherical	coordinate	depicts	the	distance	from	the	central	of	the	nucleus,	the	second	coordinate	represents	angle	to	that	of	the	positive	axis	i.e.	z-axis.*	Now,	the	third	one	represents	the	angle	to	that	of	angle	in	the	xy-plane	i.e.	positive	x-axis.*	If	we	talk	about	the	mentioned	options;	n	represents	the	principal	quantum
number	i.e.	1,	2,	3,	..so	on.*	The	l	represents	the	azimuthal	quantum	number	i.e.	0,	1,	,	n-1.*	Now,	the	next	we	have	a	magnetic	quantum	number	(m$_{l}$),	i.e.	l,	-2,	-1,	0,	1,	..l.*	The	radial	wave	function	shows	its	dependence	on	principal	quantum	number,	and	the	azimuthal	quantum	number,	as	it	relates	to	the	position	of	an	electron	at	a	specific
point.*	In	the	last,	we	can	conclude	that	the	radial	part	of	wave	function	depends	on	the	quantum	numbers	n,	and	l.Hence,	the	correct	option	is	(A),	and	(B).Note:	Dont	get	confused	between	the	radial	wave	function,	and	the	angular	wave	function.	We	already	discussed	the	dependence	of	radial	wave	functions.	The	angular	wave	function	depends	upon
azimuthal	quantum	number,	and	the	magnetic	quantum	number.	Also,	Principal	quantum	number	helps	in	determining	the	most	probable	distance	and	energy	of	an	electron	whereas	the	significance	of	azimuthal	quantum	number	is	in	determining	the	shape	of	the	orbital	and	its	angular	momentum.	Logic:	Radial	probability	distribution	curve	gives	an
idea	about	the	electron	density	at	a	radial	distance	from	the	nucleus.	The	value	of	4r22	(radial	probability	density	function)	becomes	zero	at	a	nodal	point,	also	known	as	a	radial	node.	The	number	of	radial	nodes	for	an	orbital	=	n-l-1.	Where	n	=	principal	quantum	number	and	l=	azimuthal	quantum	number.	Keywords:	atomic	structure	graphs,	radial
and	angular	distribution	curves,	radial	distribution	curve	for	3p	orbital,	3s	and	3d	orbitals,	radial	probability	distribution	function	2s	orbital	Solution:	Since	n	=	3	and	l	=	1	for	the	given	atomic	orbital	(3p	orbital),	the	number	of	radial	nodes	=	3-1-1	=	1.	Hence	the	radial	probability	distribution	curve	should	contain	a	trough	representing	a	radial	node.
There	are	two	graphs	showing	this	behavior.	The	correct	one	is	option-3	since	the	position	of	principal	maximum	(largest	peak)	occurs	at	a	greater	distance.	I	mean	the	crest	with	greater	height	should	be	farther	away	from	the	nucleus	when	compared	to	the	smaller	crest.	EXTRA	INFORMATION	-	FROM	QUANTUM	MECHANICS	Wavefunction,	nlm
(r,,	)	The	amplitude	or	intensity	of	three-dimensional	electron	wave	is	known	as	Wavefunction	and	is	represented	by	nlm	(r,,	).	It	has	both	radial	and	angular	parts.	nlm	(r,,	)	=	Radial	part	x	Angular	part	=	Rnl(r)	x	lm(,	)	where,	Rnl(r)	=	Radial	wavefunction	lm(,	)	=	Angular	wavefunction	Radial	probability	density:	The	square	of	the	radial	wavefunction
is	known	as	radial	probability	density.	Radial	probability	density	=	R2nl(r)	Radial	probability:	It	is	the	probability	of	finding	the	electron	within	the	spherical	shell	enclosed	between	a	sphere	of	radius	'r	+	dr'	and	a	sphere	of	radius	"r'	from	the	nucleus.	The	relation	between	radial	probability	and	radial	probability	density	is	given	as:	Radial	Probability
=	Radial	Probability	Density	x	Volume	of	spherical	shell	=	4r2drR2nl(r)	Radial	probability	distribution	or	Radial	probability	function:	It	is	also	known	as	radial	probability	density	function,	it	is	given	by	4r2R2nl(r).	In	the	graphs	shown	in	question,	2	is	shown	instead	of	R2nl(r).	It	gives	idea	about	the	distribution	of	electron	density	at	a	radial	distance
around	the	nucleus	without	considering	the	direction	or	angle.	BEST	CSIR	NET	-	GATE	Chemistry	Study	Material	&	Online	Coaching	FOLLOW-UP	PRACTICE	QUESTIONSRADIAL	PROBABILITY	DISTRIBUTION	CURVES	Q-1:	Which	of	the	following	statements	is/are	correct?	1)	The	radial	probability	distribution	curves	for	2s	atomic	orbital	has	one
trough	representing	a	radial	node.	2)	The	radial	probability	distribution	curves	for	2s,	3p	and	4d	atomic	orbitals	are	similar	in	shape	(source:	)	3)	The	number	of	angular	nodes	cannot	be	found	using	radial	distribution	curves.	4)	All	Answer:	4	All	the	statements	are	correct.	*	The	number	of	radial	nodes	for	2s	orbital	=	n-l-1	=	2-0-1	=	1.	*	Since	2s,	3p
and	4d	orbitals	have	the	same	number	of	radial	nodes,	the	radial	distribution	curves	have	similar	shapes.	However,	the	principal	maxima	are	at	different	radial	distances	from	the	nucleus.	*	Angular	nodes	or	nodal	planes	have	directional	nature	and	hence	angular	part	of	the	wavefunction	should	be	employed	to	get	information	about	them.	The	radial
distribution	curves	have	no	clue	about	angular	nodes.	Q-2:	Which	of	the	following	atomic	orbital	with	1	angular	node	shows	3	maxima	in	its	radial	probability	distribution	curve?	1)	3s	2)	5d	3)	4p	4)	None	of	the	above	Answer:	3	Since	there	are	3	maxima,	the	number	of	radial	nodes	must	be	2.	The	3s,	5d	and	4p	orbitals	have	two	radial	nodes.	However,
only	the	p	orbitals	have	one	angular	node.	Q-3:	The	radial	probability	distribution	curve	obtained	for	an	orbital	wavefunction	of	valence	electron	of	an	alkaline	earth	metal	atom	has	4	peaks.	The	metal	is:	1)	Potassium	2)	Calcium	3)	Barium	4)	Magnesium	Answer:	2	Since	there	are	3	peaks,	the	number	of	radial	nodes	is	3.	Hence	the	valence	electron	of
alkaline	earth	metal	atom	resides	in	4s	orbital.	Therefore	the	metal	is	Calcium.	Q-4:	The	number	of	peaks	observed	in	the	radial	distribution	curve	for	4p	atomic	orbital	is:	A)	1	B)	2	C)	3	D)	0	Answer:	C	The	number	of	radial	nodes	in	4p	orbital	=	n-l-1	=	4-1-1	=	2	Therefore,	the	number	of	peaks	=	3.	HOME	WORK	QUESTIONS	-	RADIAL	PROBABILITY
DISTRIBUTION	CURVES	Question	1)	Is	it	possible	to	get	the	shapes	of	orbitals	with	the	help	of	radial	probability	distribution	curves?	Answer:	No.	Since	radial	probability	distribution	curves	are	plotted	for	electron	density	at	radial	distance	for	a	spherical	shell,	there	is	no	direction	or	angle	is	mentioned.	Hence	it	is	not	possible	to	get	the	exact	shape
of	atomic	orbitals	from	radial	distribution	curves.	We	have	to	take	the	support	of	angular	distribution	curves.	Question	2)	What	is	exactly	a	radial	node?	(copied	from	adichemistry.com).	What	is	the	difference	between	an	angular	node	and	a	radial	node?	Answer:	Radial	nodes	are	regions	around	the	nucleus	where	the	probability	of	finding	electron	is
zero.	They	do	not	pass	through	the	nucleus.	The	angular	nodes	are	the	planes	where	the	probability	of	finding	electron	is	zero	and	they	pass	through	the	nucleus.	Question	3)	Calculate	the	number	of	radial	nodes	for	1s,	2s,	3s,	2p,	3p,	4p,	3d,	4d	&	5d	orbitals.	Hint:	Use	the	equation	n-l-1.	Question	4)	How	many	radial	nodes	are	there	in	4f	orbital?
Answer:	number	of	radial	nodes	=	n-l-1	=	4	-	3	-	1	=	0	radial	nodes	for	4f	orbital.	Question	5)	At	what	distance	is	the	radial	probability	maximum	for	1s	orbital?	Answer:	0.053	nm.	It	is	equal	to	the	Bohr's	radius	of	1st	orbit	in	hydrogen	atom.	Question	6)	Radial	probability	distribution	curves	are	the	plots	of	4r22	vs	distance	from	the	nucleus.	The	curve
has	number	of	maxima	which	is	different	for	different	orbitals.	The	number	of	spherical	nodes	present	in	4p	orbital	and	5d	orbital	respectively	are,.................	(Answer:	2	&	2)	Question	7)	The	variation	of	radial	probability	densityR2(r)	as	a	function	of	distance	r	of	the	electron	from	the	nucleus	for	3p	orbital,	when	shown	graphically,	the	graph	shows
..........	peaks	with	the	smallest	one	.........	to	the	nucleus.	(Answer:	2,	closer)	Question	8)	The	radial	probability	distribution	function	for	a	hydrogen	atom	state	has	one	peak,	at	r	=	0.476	nm.	The	nl	spectroscopic	notation	of	this	state	is......?	(solved	-	free)	A)	3p	B)	3d	C)	4f	D)	2p	Answer:	radius	of	nth	orbit	(r)	=	0.053	x	n2	nm	Plugin	the	values	now,
0.476	=	0.053	x	n2	nm	or	n	=	3	Since	the	graph	has	only	one	peak,	there	is	no	nodal	region.	This	is	possible	for	3d	orbital.	Question	9)	The	probability	distribution	curve	for	2s	electron	appears	like	that	of:	1)	1s	orbital	2)	2p	orbital	3)	3p	orbital	4)	3d	orbital	Answer:	3	10)	Draw	the	graph	of	radius	of	orbit	in	hydrogen	atom	as	a	function	of	orbit
number.	11)	What	is	the	value	of	(n	+	l	+	r)	in	a	given	wave	function,	where	n	=	principle	quantum	number	and	l	=	azimuthal	quantum	number	and	r	=	total	number	of	node	present	in	given	wave	function	=181(6)1/2(Za)7/2r2eZt/3a(3cos21)	12)	The	radial	probability	curve	obtained	for	an	orbital	wave	function	has	3	peaks	and	2	radial	nodes.	The
valence	electron	of	which	one	of	the	following	metals	does	this	wave	function	correspond	to:	A)	Ca	B)	Mg	C)	Li	D)	Cs	Answer:	B	Question	13)	The	radial	probability	distribution	curve	of	an	orbital	of	H	(hydrogen	atom)	has	4	local	maxima.	If	orbital	has	3	angular	nodes	then	orbital	will	be......?	Solution:	The	4	local	maxima	indicate	3	radial	nodes.	The	3
angular	nodes	denote	an	'f'	orbital	with	azimuthal	quantum	no	(l)	=	3.	No.	of	radial	nodes	=	n	-	l	-	1	=	3	Therefore,	n	=	3	+	3	+1	=	7	Answer:	The	orbital	is	7f.	Question	14)	select	the	correct	statement	from	the	below	given	options.	A)	number	of	peaks	in	radial	probability	distribution	function	versus	radius	is	same	as	in	probability	density	versus
radius	for	s-orbitals.	B)	number	of	peaks	in	radial	probability	distribution	function	versus	radius	is	more	than	as	in	probability	density	versus	radius	of	orbitals	other	than	s-orbitals	C)	number	of	peaks	in	radial	probability	distribution	function	versus	radius	is	more	than	as	in	probability	density	versus	radius	of	s-orbitals	D)	number	of	peaks	in	radial
probability	distribution	function	versus	radius	is	less	than	as	in	probability	density	versus	radius	of	orbitals	other	than	s-orbitals	<	Previous	question	Question	paper	Next	question	>	Author:	Aditya	vardhan	Vutturi	www.adichemistry.com	Doubtnut	is	No.1	Study	App	and	Learning	App	with	Instant	Video	Solutions	for	NCERT	Class	6,	Class	7,	Class	8,
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AIR	100	in	NEET	&	IIT	JEE.	Get	PDF	and	video	solutions	of	IIT-JEE	Mains	&	Advanced	previous	year	papers,	NEET	previous	year	papers,	NCERT	books	for	classes	6	to	12,	CBSE,	Pathfinder	Publications,	RD	Sharma,	RS	Aggarwal,	Manohar	Ray,	Cengage	books	for	boards	and	competitive	exams.Doubtnut	is	the	perfect	NEET	and	IIT	JEE	preparation
App.	Get	solutions	for	NEET	and	IIT	JEE	previous	years	papers,	along	with	chapter	wise	NEET	MCQ	solutions.	Get	all	the	study	material	in	Hindi	medium	and	English	medium	for	IIT	JEE	and	NEET	preparation	The	overall	atomic	orbital	for	any	one	electron	can	be	symbolized	as	.	This	function	incorporates	all	the	features	we	discussed	when	talking
spherical	harmonics.	The	function	can	be	written	as	a	product	of	two	parts.	The	function	can	be	written	in	Cartesian	space	as	we	are	familiar	with	but	a	mathematically	simpler	way	to	write	it	is	in	polar	coordinates,	.	In	this	polar	coordinate	space,	we	can	still	represent	the	full	3d	space	but	now,	any	nodes	that	depend	on	the	radius	(spherical	shaped
nodes)	can	be	expressed	as	simply	the	value	of	where	the	functions	crosses	zero.	similarly,	by	expressing	the	wave	functions	in	polar	coordinates,	we	will	be	using	sines	and	cosines	of	those	angles.	Since	sines	and	cosines	cross	zero,	we	will	have	the	angular	notes	described.	The	relation	ship	between	polar	coordinates	and	Cartesian	coordinates	can
be	seen	in	the	following	diagram.Relationship	between	Cartesian	coordinates	and	polar	coordinates	.	The	variable	represents	the	radial	distance	from	the	nucleus	(at	the	origin	of	the	axes).	The	variable	is	the	angle	from	the	z	axis	and	the	variable	is	the	angle	from	the	axis	to	the	projection	of	the	vector	into	the	plane.	You	can	convert	from	polar
coordinates	to	Cartesian	coordinates	using	the	following	equations,	So,	we	can	write	the	atomic	orbital	in	terms	of	cartesian	coordinates	or	in	polar	coordinates	.	Now	that	we	have	the	function	in	polar	coordinates,	we	can	rewrite	the	overall	wave	function	as	the	product	of	two	functions,	a	radial	part	shows	how	the	functions	vary	with	the	distance,	,
from	the	nucleus	and	the	angular	part	shows	how	the	function	varies	with	angles	and	.	This	is	actually	a	common	mathematical	technique	called	separation	of	variables.	It	allows	us	in	this	case	to	more	easily	visualize	how	the	functions	vary	with	radius	(the	radial	function)	and	with	angle	(the	angular	function).	The	functions	tend	to	zero	as	the	radial
distance	tends	to	zero.	That	is	represented	in	the	reverse	exponential	part	of	the	radial	function	for	any	orbital.	You	will	see	something	like	in	all	the	radial	functions.	This	is	a	generic	reverse	exponential	where	the	value	goes	to	zero	as	goes	to	infinity.	Note:	That	table	looks	a	bit	daunting	at	first	glance	but	with	a	bit	of	thought,	it	is	not	that	hard	to
understand.	The	first	take-a-way	is	that	those	orbitals	are	simply	math	functions.	They	dont	have	anything	in	them	that	is	truly	incomprehensible.	Lets	look	at	a	few	examples	and	see	how	these	equations	work.Consider	the	1s	orbital.	Notice	that	there	is	only	one	angular	function	for	all	orbitals.	it	is	simply	a	constant.	there	is	no	angular	dependence
for	an	orbital.	All	orbitals	are	spherical.	Notice	the	radial	part	of	the	function.	It	has	two	parts.	The	constant	in	front	of	the	exponential	and	the	exponential	decay	part	.	The	constant	in	front,	along	with	the	constant	in	the	angular	part	together	are	called	the	normalization	factor.	This	is	to	make	sure	the	orbital	is	exactly	the	right	size	to	hole	1	electron.
When	integrated	over	3-space,	the	result	is	1,	i.e.,	one	electron	exactly	fits	in	each	orbital.	The	exponential	decay,	as	described	above	means	the	orbital	tends	to	zero	as	the	distance	from	the	nucleus	becomes	zero.	If	you	square	the	wave	function,	you	will	get	the	electron	probability	function.	So	another	way	of	saying	this	is	as	the	radial	distance
increases	to	infinity,	the	probability	of	finding	the	electron	goes	to	zero.1s	orbital.	Note	that	it	is	spherical	and	it	has	no	edge.	It	slowly	gets	thinner	as	you	move	further	from	the	centre	(nucleus).	this	is	due	to	the	exponential	decay	term	().2s	orbitalNow,	lets	consider	a	slightly	more	complicated	orbital,	a	orbital.	This	one	has	so	there	are	no	radial
nodes	(remember,	quantum	number	is	the	number	of	angular	nodes),	that	means	the	one	node	in	the	orbital	must	be	radial	(spherical).	We	expect	to	see	the	function	go	through	zero	and	change	phase	at	a	certain	distance	(at	the	node).	Looking	at	the	radial	part	of	the	function,	you	see	some	constants	again,	which	we	can	ignore	as	just	part	of
normalization.	You	can	see	the	exponential	decay	term	just	as	you	saw	in	the	orbital.	Whats	new	is	the	parenthetical	term	.	This	term	will	make	the	whole	function	go	to	zero	when	.	Now	look	at	the	simulation	of	the	orbital.Simulation	of	a	orbital.	The	colours	represent	the	phase	of	the	orbital.	the	red	is	one	phase	and	the	green	is	the	opposite.	At	the
boundary	between	the	two	colours,	you	can	see	the	spherical	node.	This	would	occur	at	the	distance	according	to	the	table	of	orbital	functions	listed	above.So,	we	can	make	up	any	orbital	we	want	by	combining	the	correct	combination	of	angular	and	radial	parts	from	the	table	above.2pz	orbitalLets	make	an	orbital	with	an	angular	node	rather	than	a
radial	node.	The	function	is	the	simplest	orbital	that	has	an	angular	node.	Lets	make	a	function;	you	make	it	by	multiplying	the	angular	with	the	radial	part.	Note	that	the	radial	part	has	only	the	exponential	decay	part.	There	are	no	parts	of	this	radial	function	that	go	to	zero.	The	angular	part	of	the	function	has	a	in	it;	anywhere	that	is	zero,	the	whole
function	will	go	to	zero.	Since	the	cosine	function	passes	through	zero	at	(aka	90),	this	means	the	node	will	be	in	the	plane.	Look	at	this	projection	of	the	orbital,	looking	down	the	axis	with	the	axis	vertical.The	orbital.	Notice	that	the	axis	is	vertical	in	this	view.	the	node	is	in	the	plane	so	the	lobes	are	along	the	axis.	the	colours	represent	the	phase	of
the	orbital	so	the	boundary	where	the	phase	changes	is	the	node,	the	plane.	This	is	horizontal	in	this	image.So,	we	have	seen	a	radial	node	and	an	angular	nodes	and	seen	the	functions	that	have	defined	them	in	our	math.	We	can	imagine	that	any	orbital	can	be	described	using	this	kind	of	function,	except	that	as	the	number	of	nodes	increases,	the
math	would	get	more	complicated.3d(xy)	orbitalLets	try	something	a	bit	more	complicated;	a	function.	Notice	that	all	the	3d	functions	have	the	same	radial	part,	so	we	just	choose	the	correct	angular	part	and	multiply	it	to	the	radial	part.This	is	a	orbitial.	you	are	looking	down	the	axis,	the	axis	is	vertical	and	the	x	axis	is	horizontal.	The	nodes	are
planar,	there	are	two	of	them	(	means	2	nodes;	means	they	are	both	angular).	One	is	in	the	plane	and	the	other	is	in	the	zx	plane.This	orbital,	like	all	the	others	has	a	normalization	constant.	It	tails	off	to	zero	as	the	distance	goes	to	infinity.	But	this	one	has	angular	nodes.	there	are	sine	and	cosine	functions	and	you	know	that	these	pass	through	zero
once	as	you	go	around	the	unit	circle.	The	particular	combination	of	angular	functions	in	the	3d(xy)	orbital	gives	us	this	shape.	Note	that	there	are	no	left-over	spherical	nodes;	n=3	means	2	nodes.	means	they	are	both	angular	(planar	in	this	case).3pz	orbitalOK,	One	last	orbital.	This	one	also	with	two	nodes.	So	it	must	be	an	function.	This	one	has	one
angular	node	(so	;	a	p	orbital)	and	one	radial	node.	This	function	will	look	similar	to	the	2p	function	above	but	you	will	also	be	able	to	see	the	radial	node	in	addition	to	the	angular	planar	node.This	is	a	orbital.	It	is	projected	in	the	same	orientation	as	the	orbital	above.	Notice,	just	like	in	the	orbital	above,	there	is	a	planar	node	in	the	xy	plane.	In
addition	to	that	angular	node,	you	can	easily	see	a	radial	node	that	is	centered	on	the	nucleus.	This	radial	node	occurs	at	a	distance	of	according	to	the	function	table	above	and	it	cuts	the	two	lobes	of	the	p	into	smaller	parts	making	a	kind	of	mushroom	topped	shape.	I	have	drawn	(free-hand)	the	two	nodes	in	red	for	you	to	visualize	easier.	Notice,	the
colour	changes	each	time	you	cross	one	of	the	nodes.	That	indicates	that	the	phase	changes	when	you	cross	the	nodes.	In	black/white	drawings,	we	often	use	+	and	instead	of	colours	to	represent	the	two	phases.Finally,	to	make	up	the	entire	wave	function	for	a	multi-electron	atom,	you	would	multiply	one	complete	orbital	for	each	electron	in	the	atom
into	an	overall	wave	function	for	the	entire	atom.In	theory,	you	would	be	able	to	do	this	for	multi-atomic	species,	multiplying	all	the	atomic	orbitals	on	all	the	atoms	together,	with	proper	adjustments	of	the	normalization	factors,	to	make	new	molecular	orbitals.	But	that	is	a	process	for	an	upper-year	class.Once	you	have	a	wave	function	for	your
species,	you	use	the	Schrdinger	equation	to	get	out	the	array	of	energies	..
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