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When	there	are	no	polar	bonds	in	a	molecule,	there	is	no	permanent	charge	difference	between	one	part	of	the	molecule	and	another,	and	the	molecule	is	nonpolar.	For	example,	the	Cl2	molecule	has	no	polar	bonds	because	the	electron	charge	is	identical	on	both	atoms.	It	is	therefore	a	nonpolar	molecule.	None	of	the	bonds	in	hydrocarbon	molecules,
such	as	hexane,	C6H14,	are	significantly	polar,	so	hydrocarbons	are	nonpolar	molecular	substances.A	molecule	can	possess	polarbonds	and	still	be	nonpolar.	If	the	polar	bonds	are	evenly	(or	symmetrically)distributed,	the	bond	dipoles	cancel	and	do	not	create	a	molecular	dipole.	Forexample,	the	three	bonds	in	a	molecule	of	BF3	are	significantly
polar,	but	theyare	symmetrically	arranged	around	the	central	boron	atom.	No	side	of	themolecule	has	more	negative	or	positive	charge	than	another	side,	and	so	themolecule	is	nonpolar:A	water	molecule	is	polarbecause	(1)	its	O-H	bonds	are	significantly	polar,	and	(2)	its	bent	geometrymakes	the	distribution	of	those	polar	bonds	asymmetrical.	The
side	of	the	watermolecule	containing	the	more	electronegative	oxygen	atom	is	partially	negative,and	the	side	of	the	molecule	containing	the	less	electronegative	hydrogen	atomsis	partially	positive.	SampleStudy	Sheet:	Predicting	Molecular	Polarity	Tip-off	You	are	asked	to	predict	whether	a	molecule	is	polar	or	nonpolar;	or	you	are	asked	a
questionthat	cannot	be	answered	unless	you	know	whether	a	molecule	is	polar	or	nonpolar.(For	example,	you	are	asked	to	predict	the	type	of	attraction	holding	theparticles	together	in	a	given	liquid	or	solid.)	General	Steps	-Step	1:	Draw	a	reasonable	Lewis	structure	for	the	substance.Step	2:	Identify	each	bond	as	either	polar	or	nonpolar.	(Ifthe
difference	in	electronegativity	for	the	atoms	in	a	bond	is	greater	than	0.4,we	consider	the	bond	polar.	If	the	difference	in	electronegativity	is	less	than0.4,	the	bond	is	essentially	nonpolar.)	If	there	are	no	polar	bonds,	the	molecule	is	nonpolar.	If	the	molecule	has	polar	bonds,	move	on	to	Step	3.	Step	3:	If	there	is	only	one	central	atom,	examine
theelectron	groups	around	it.	If	there	are	no	lone	pairs	on	the	central	atom,	and	if	all	thebonds	to	the	central	atom	are	the	same,	the	molecule	is	nonpolar.	(This	shortcutis	described	more	fully	in	the	Example	that	follows.)	If	the	central	atom	has	at	least	one	polar	bond	and	if	the	groupsbonded	to	the	central	atom	are	not	all	identical,	the	molecule	is
probablypolar.	Move	on	to	Step	4.	Step	4:	Draw	a	geometric	sketch	of	the	molecule.Step	5:	Determine	the	symmetry	of	the	molecule	using	thefollowing	steps.	Describe	the	polar	bonds	with	arrows	pointing	toward	the	moreelectronegative	element.	Use	the	length	of	the	arrow	to	show	the	relativepolarities	of	the	different	bonds.	(A	greater	difference	in
electronegativitysuggests	a	more	polar	bond,	which	is	described	with	a	longer	arrow.)	Decide	whether	the	arrangement	of	arrows	is	symmetrical	orasymmetrical	If	the	arrangement	is	symmetrical	and	the	arrows	are	of	equallength,	the	molecule	is	nonpolar.	If	the	arrows	are	of	different	lengths,	and	if	they	do	not	balanceeach	other,	the	molecule	is
polar.	If	the	arrangement	is	asymmetrical,	the	molecule	is	polar.	EXAMPLE	Predicting	Molecular	Polarity:	Decidewhether	the	molecules	represented	by	the	following	formulas	are	polar	ornonpolar.	(You	may	need	to	draw	Lewis	structures	and	geometric	sketches	to	doso.)	a.	CO2	b.	OF2c.	CCl4	d.	CH2Cl2e.	HCN	Solution:a.	The	Lewis	structure	for	CO2
isThe	electronegativities	of	carbon	and	oxygenare	2.55	and	3.44.	The	0.89	difference	in	electronegativity	indicates	that	theC-O	bonds	are	polar,	but	the	symmetrical	arrangement	of	these	bonds	makesthe	molecule	nonpolar.If	we	put	arrows	into	the	geometric	sketch	for	CO2,	we	see	that	they	exactly	balance	each	other,	in	both	direction	andmagnitude.
This	shows	the	symmetry	of	the	bonds.	b.	The	Lewis	structure	for	OF2	isThe	electronegativities	of	oxygen	and	fluorine,3.44	and	3.98,	respectively,	produce	a	0.54	difference	that	leads	us	to	predictthat	the	O-F	bonds	are	polar.	The	molecular	geometry	of	OF2	is	bent.	Suchan	asymmetrical	distribution	of	polar	bonds	would	produce	a	polar	molecule.	c.
The	molecular	geometry	of	CCl4	istetrahedral.	Even	though	the	C-Cl	bonds	are	polar,	their	symmetrical	arrangementmakes	the	molecule	nonpolar.d.	TheLewis	structure	for	CH2Cl2	isThe	electronegativities	of	hydrogen,	carbon,	andchlorine	are	2.20,	2.55,	and	3.16.	The	0.35	difference	in	electronegativity	forthe	H-C	bonds	tells	us	that	they	are
essentially	nonpolar.	The	0.61difference	in	electronegativity	for	the	C-Cl	bonds	shows	that	they	arepolar.	The	following	geometric	sketches	show	that	the	polar	bonds	areasymmetrically	arranged,	so	the	molecule	is	polar.	(Notice	that	the	Lewisstructure	above	incorrectly	suggests	that	the	bonds	are	symmetrically	arranged.Keep	in	mind	that	Lewis
structures	often	give	a	false	impression	of	the	geometryof	the	molecules	they	represent.)	e.	TheLewis	structure	and	geometric	sketch	for	HCN	are	the	same:The	electronegativities	of	hydrogen,carbon,	and	nitrogen	are	2.20,	2.55,	and	3.04.	The	0.35	difference	inelectronegativity	for	the	H-C	bond	shows	that	it	is	essentially	nonpolar.	The0.49	difference
in	electronegativity	for	the	C-N	bond	tells	us	that	it	is	polar.Molecules	with	one	polar	bond	are	always	polar.	1Write	the	symbols	for	all	atoms	in	the	molecule.	Atomic	symbols	for	atoms	can	be	found	on	the	periodic	table.	These	symbols	are	used	to	represent	each	atom	in	a	Lewis	dot	structure.	Be	sure	not	to	mix	up	the	symbols,	as	this	would	cause
confusion.[1]For	example,	if	you	are	looking	at	a	water	molecule,	you	would	write	out	O,	H,	and	H.	2Find	the	central	atom.	The	central	atom	is	the	atom	that	all	(or	at	least	most)	of	the	other	atoms	are	bonded	to.	Those	atoms	may	or	may	not	be	bonded	to	each	other	as	well.	As	a	rule	of	thumb,	central	atoms	are	usually	atoms	with	low
electronegativity.[2]The	water	molecule	breaks	this	general	trend	since	the	oxygen	atom	(the	most	electronegative	atom	in	the	molecule)	is	the	center	atom.Carbon	dioxide	is	an	example	of	a	molecule	that	follows	the	trend	of	center	atoms	being	less	electronegative.	In	this	case,	carbon	is	the	center	atom.	Advertisement	3Add	all	of	the	bonds.	Use	the
octet	rule	to	determine	the	number	and	type	of	bonds	present.	Each	atomsvalence	shell	should	contain	8	electrons	for	the	molecule	to	be	stable.	Some	atoms	may	be	double	or	triple	bonded	to	achieve	this.[3]In	a	water	molecule,	add	a	single	bond	from	the	oxygen	to	both	hydrogens.	The	hydrogens	are	not	bonded	to	each	other.4Include	unbound
electrons.	While	most	electrons	are	used	in	bonding,	some	atoms	have	a	set	of	non-bonding	electrons.	These	electrons	should	also	be	included	in	the	Lewis	structure,	as	they	are	very	important	when	determining	polarity.	Represent	all	electrons	(bonded	and	unbonded)	with	dots	around	their	respective	atoms.[4]Oxygen	has	2	lone	pair	electrons.	This
means	they	are	not	used	for	bonding,	but	stay	attached	to	the	oxygen.5Look	for	dipoles.	A	dipole	exists	when	electrons	are	unevenly	distributed	from	one	side	of	the	molecule	to	the	other.	If	this	is	present,	then	the	molecule	is	polar.	If	the	distribution	looks	even,	the	molecule	is	nonpolar.[5]Since	electrons	are	more	attracted	to	oxygen	than	hydrogen,
they	tend	to	congregate	on	that	end	of	the	molecule.	That	gives	the	oxygen	a	negative	charge	and	the	hydrogens	a	positive	charge,	creating	a	dipole.	Thus,	water	is	polar.	Advertisement	1Fill	a	beaker	with	water.	Water	is	a	polar	solvent.	Put	100	mL	of	water	into	a	clean	beaker.	Set	the	beaker	aside	to	come	back	to	later.[6]2Add	a	nonpolar	solvent	to
a	new	beaker.	Nonpolar	solvents	include	things	like	toluene,	gasoline,	and	oils.	Add	100	mL	of	a	chosen	nonpolar	solvent	to	another	beaker.	Let	this	beaker	sit	beside	the	water	beaker.[7]Many	nonpolar	solvents	fall	into	the	category	of	volatile	organic	compounds	(VOCs)	and	are	quite	dangerous.	Be	careful	when	heating	them,	and	always	wear	a	mask
and	gloves.For	example,	you	could	put	vegetable	oil	into	the	second	container.	It	is	not	volatile,	but	still	acts	as	a	nonpolar	solvent.Acetone	is	also	relatively	safe	organic	solvent,	but	you	should	still	keep	it	away	from	fire	and	wear	your	mask	and	gloves.	Acetone	is	a	volatile	compound.3Place	equal	amounts	of	the	substance	into	each	beaker.	Put	the
substance	in	question	into	the	beaker	filled	with	water	and	the	beaker	filled	with	the	nonpolar	solvent.	Be	sure	to	use	the	same	amount	in	each	beaker	for	consistency.	You	can	start	by	adding	10-20	mL	into	each	new	beaker.[8]For	example,	you	could	put	20	mL	of	isopropyl	alcohol	into	each	beaker.4Stir	and/or	heat	the	mixtures.	The	solvents	may
need	to	be	heated	or	stirred	to	spur	interaction.	If	this	is	the	case,	be	sure	that	you	stir	and	heat	the	solvents	to	the	same	degree.	That	said,	heating	organic	solvents,	such	as	toluene,	is	very	dangerous	and	you	should	exercise	caution.[9]There	is	no	need	to	heat	when	testing	isopropyl	alcohol.	Stirring	is	sufficient.If	heating,	use	a	hot	plate	and	heat
slowly.	Do	not	heat	organic	solvents	with	a	flame.5Allow	both	beakers	to	cool.	Once	the	substance	seems	to	have	interacted	with	one	or	both	of	the	solvents,	let	them	each	cool.	This	will	give	the	substance	a	chance	to	separate	from	the	solvent	if	it	is	not	compatible.	It	also	makes	the	samples	easier	for	you	to	handle.[10]6Observe	the	outcomes.	Look
for	any	solids	or	liquids	separating	from	the	solvent.	This	indicates	that	the	substance	is	not	compatible	with	that	solvent.	Since	polar	molecules	are	compatible	with	polar	solvents	and	nonpolar	molecules	are	compatible	with	nonpolar	solvents,	you	can	deduce	that	any	substance	that	dissolves	in	water	is	polar.	Any	substance	that	does	not	dissolve	in
water,	but	dissolves	in	gasoline,	toluene,	acetone,	or	another	nonpolar	solvent	is	nonpolar.[11]Once	both	beakers	settle,	you	will	notice	that	the	isopropyl	alcohol	dissolved	completely	in	the	water.	However,	there	will	be	2	distinct	layers	where	the	alcohol	separated	from	the	vegetable	oil	in	the	second	beaker.	This	shows	that	isopropyl	alcohol	is	polar.
Advertisement	1Bring	the	substance	close	to	a	magnet.	If	you	bring	a	substance	close	to	a	magnet	or	magnetically	charged	object,	you	may	be	able	to	tell	if	it	is	polar	or	nonpolar.	Place	the	substance	on	a	bench	and	bring	the	magnet	close.	Avoid	touching	the	substance	with	the	magnet.2Look	for	any	interaction.	If	there	is	any	attraction	or	repulsion
from	the	magnet,	your	substance	is	polar.	However,	that	does	not	mean	that	the	substance	is	nonpolar	if	the	magnet	does	not	interact.	Some	polar	molecules	are	not	polarized	enough	to	interact	with	a	weak	magnet.For	example,	if	you	have	a	running	stream	of	water,	a	magnet	will	cause	the	stream	to	bend	away	from	the	magnet.	This	shows	a	clear
interaction.3Heat	the	substance	in	question	in	a	microwave.	Microwaves	work	by	using	high-frequency	electromagnetic	radiation	to	cause	polar	molecules	to	spin.	The	spinning	creates	friction,	which	creates	heat.	To	test	the	polarity	of	your	substance,	place	it	in	the	microwave.[12]Never	put	metals,	flammables,	or	explosives	into	a	microwave.If	you
put	water	in	the	microwave,	you	will	notice	that	it	gets	hot.	It	is	polar.If	you	try	putting	baby	oil	in	the	microwave,	you	will	notice	that	the	microwave	doesnt	seem	to	heat	it	very	well.	It	is	nonpolar.4Observe	the	substance.	Look	for	signs	of	deformation	or	melting.	Check	to	see	whether	the	substance	is	hot.	If	the	microwave	affected	the	substance,	it	is
polar.[13]When	the	microwave	comes	on,	the	substance	will	be	subjected	to	radiation.	If	it	is	a	polar	substance,	the	radiation	will	make	the	molecules	spin	(though	this	will	not	be	visible).	If	the	substance	is	nonpolar,	the	microwaves	will	have	little	effect.	Advertisement	Ask	a	Question	Advertisement	This	article	was	co-authored	by	Bess	Ruff,	MA.	Bess
Ruff	is	a	Geography	PhD	student	at	Florida	State	University.	She	received	her	MA	in	Environmental	Science	and	Management	from	the	University	of	California,	Santa	Barbara	in	2016.	She	has	conducted	survey	work	for	marine	spatial	planning	projects	in	the	Caribbean	and	provided	research	support	as	a	graduate	fellow	for	the	Sustainable	Fisheries
Group.	This	article	has	been	viewed	63,132	times.	Co-authors:	6	Updated:	December	15,	2024	Views:63,132	Categories:	Chemistry	PrintSend	fan	mail	to	authors	Thanks	to	all	authors	for	creating	a	page	that	has	been	read	63,132	times.	Separation	of	electric	charge	in	a	molecule"Polar	molecule"	and	"Nonpolar"	redirect	here.	For	other	uses	of	the
term	"Polar",	see	Polar.This	article	needs	additional	citations	for	verification.	Please	help	improve	this	article	by	adding	citations	to	reliable	sources.	Unsourced	material	may	be	challenged	and	removed.Find	sources:"Chemical	polarity"news	newspapers	books	scholar	JSTOR	(January	2015)	(Learn	how	and	when	to	remove	this	message)A	water
molecule,	a	commonly	used	example	of	polarity.	Two	charges	are	present	with	a	negative	charge	in	the	middle	(red	shade),	and	a	positive	charge	at	the	ends	(blue	shade).	In	chemistry,	polarity	is	a	separation	of	electric	charge	leading	to	a	molecule	or	its	chemical	groups	having	an	electric	dipole	moment,	with	a	negatively	charged	end	and	a	positively
charged	end.Polar	molecules	must	contain	one	or	more	polar	bonds	due	to	a	difference	in	electronegativity	between	the	bonded	atoms.	Molecules	containing	polar	bonds	have	no	molecular	polarity	if	the	bond	dipoles	cancel	each	other	out	by	symmetry.Polar	molecules	interact	through	dipole-dipole	intermolecular	forces	and	hydrogen	bonds.	Polarity
underlies	a	number	of	physical	properties	including	surface	tension,	solubility,	and	melting	and	boiling	points.In	a	molecule	of	hydrogen	fluoride	(HF),	the	more	electronegative	atom	(fluorine)	is	shown	in	yellow.	Because	the	electrons	spend	more	time	by	the	fluorine	atom	in	the	HF	bond,	the	red	represents	partially	negatively	charged	regions,	while
blue	represents	partially	positively	charged	regions.Not	all	atoms	attract	electrons	with	the	same	force.	The	amount	of	"pull"	an	atom	exerts	on	its	electrons	is	called	its	electronegativity.	Atoms	with	high	electronegativities	such	as	fluorine,	oxygen,	and	nitrogen	exert	a	greater	pull	on	electrons	than	atoms	with	lower	electronegativities	such	as	alkali
metals	and	alkaline	earth	metals.	In	a	bond,	this	leads	to	unequal	sharing	of	electrons	between	the	atoms,	as	electrons	will	be	drawn	closer	to	the	atom	with	the	higher	electronegativity.Because	electrons	have	a	negative	charge,	the	unequal	sharing	of	electrons	within	a	bond	leads	to	the	formation	of	an	electric	dipole:	a	separation	of	positive	and
negative	electric	charge.	Because	the	amount	of	charge	separated	in	such	dipoles	is	usually	smaller	than	a	fundamental	charge,	they	are	called	partial	charges,	denoted	as	+	(delta	plus)	and	(delta	minus).	These	symbols	were	introduced	by	Sir	Christopher	Ingold	and	Edith	Hilda	(Usherwood)	Ingold	in	1926.[1][2]	The	bond	dipole	moment	is	calculated
by	multiplying	the	amount	of	charge	separated	and	the	distance	between	the	charges.These	dipoles	within	molecules	can	interact	with	dipoles	in	other	molecules,	creating	dipole-dipole	intermolecular	forces.Bonds	can	fall	between	one	of	two	extremes	completely	nonpolar	or	completely	polar.	A	completely	nonpolar	bond	occurs	when	the
electronegativities	are	identical	and	therefore	possess	a	difference	of	zero.	A	completely	polar	bond	is	more	correctly	called	an	ionic	bond,	and	occurs	when	the	difference	between	electronegativities	is	large	enough	that	one	atom	actually	takes	an	electron	from	the	other.	The	terms	"polar"	and	"nonpolar"	are	usually	applied	to	covalent	bonds,	that	is,
bonds	where	the	polarity	is	not	complete.	To	determine	the	polarity	of	a	covalent	bond	using	numerical	means,	the	difference	between	the	electronegativity	of	the	atoms	is	used.Bond	polarity	is	typically	divided	into	three	groups	that	are	loosely	based	on	the	difference	in	electronegativity	between	the	two	bonded	atoms.	According	to	the	Pauling
scale:Nonpolar	bonds	generally	occur	when	the	difference	in	electronegativity	between	the	two	atoms	is	less	than	0.5Polar	bonds	generally	occur	when	the	difference	in	electronegativity	between	the	two	atoms	is	roughly	between	0.5	and	2.0Ionic	bonds	generally	occur	when	the	difference	in	electronegativity	between	the	two	atoms	is	greater	than
2.0Pauling	based	this	classification	scheme	on	the	partial	ionic	character	of	a	bond,	which	is	an	approximate	function	of	the	difference	in	electronegativity	between	the	two	bonded	atoms.	He	estimated	that	a	difference	of	1.7	corresponds	to	50%	ionic	character,	so	that	a	greater	difference	corresponds	to	a	bond	which	is	predominantly	ionic.[3]As	a
quantum-mechanical	description,	Pauling	proposed	that	the	wave	function	for	a	polar	molecule	AB	is	a	linear	combination	of	wave	functions	for	covalent	and	ionic	molecules:	=	a(A:B)	+	b(A+B).	The	amount	of	covalent	and	ionic	character	depends	on	the	values	of	the	squared	coefficients	a2	and	b2.[4]A	diagram	showing	the	bond	dipole	moments	of
boron	trifluoride.	shows	an	increase	in	negative	charge	and	+	shows	an	increase	in	positive	charge.	Note	that	the	dipole	moments	drawn	in	this	diagram	represent	the	shift	of	the	valence	electrons	as	the	origin	of	the	charge,	which	is	opposite	the	direction	of	the	actual	electric	dipole	moment.The	bond	dipole	moment[5]	uses	the	idea	of	electric	dipole
moment	to	measure	the	polarity	of	a	chemical	bond	within	a	molecule.	It	occurs	whenever	there	is	a	separation	of	positive	and	negative	charges.	The	bond	dipole	is	given	by:	=	d	{\displaystyle	\mu	=\delta	\,d}	.The	bond	dipole	is	modeled	as	+	with	a	distance	d	between	the	partial	charges	+	and	.	It	is	a	vector,	parallel	to	the	bond	axis,	pointing	from
minus	to	plus,[6]	as	is	conventional	for	electric	dipole	moment	vectors.Chemists	often	draw	the	vector	pointing	from	plus	to	minus.[7]	This	vector	can	be	physically	interpreted	as	the	movement	undergone	by	electrons	when	the	two	atoms	are	placed	a	distance	d	apart	and	allowed	to	interact,	the	electrons	will	move	from	their	free	state	positions	to	be
localised	more	around	the	more	electronegative	atom.The	SI	unit	for	electric	dipole	moment	is	the	coulombmeter.	This	is	too	large	to	be	practical	on	the	molecular	scale.	Bond	dipole	moments	are	commonly	measured	in	debyes,	represented	by	the	symbol	D,	which	is	obtained	by	measuring	the	charge	{\displaystyle	\delta	}	in	units	of	1010
statcoulomb	and	the	distance	d	in	Angstroms.	Based	on	the	conversion	factor	of1010	statcoulomb	being	0.208	units	of	elementary	charge,	so	1.0	debye	results	from	an	electron	and	a	proton	separated	by	0.208.	A	useful	conversion	factor	is	1D=3.335641030Cm.[8]	For	diatomic	molecules	there	is	only	one	(single	or	multiple)	bond	so	the	bond	dipole
moment	is	the	molecular	dipole	moment,	with	typical	values	in	the	range	of	0	to	11D.	At	one	extreme,	a	symmetrical	molecule	such	as	bromine,	Br2,	has	zero	dipole	moment,	while	near	the	other	extreme,	gas	phase	potassium	bromide,	KBr,	which	is	highly	ionic,	has	a	dipole	moment	of	10.41D.[9][pageneeded][10][verification	needed]For	polyatomic
molecules,	there	is	more	than	one	bond.	The	total	molecular	dipole	moment	may	be	approximated	as	the	vector	sum	of	the	individual	bond	dipole	moments.	Often	bond	dipoles	are	obtained	by	the	reverse	process:	a	known	total	dipole	of	a	molecule	can	be	decomposed	into	bond	dipoles.	This	is	done	to	transfer	bond	dipole	moments	to	molecules	that
have	the	same	bonds,	but	for	which	the	total	dipole	moment	is	not	yet	known.	The	vector	sum	of	the	transferred	bond	dipoles	gives	an	estimate	for	the	total	(unknown)	dipole	of	the	molecule.See	also:	Dipole	Molecular	dipolesA	molecule	is	composed	of	one	or	more	chemical	bonds	between	molecular	orbitals	of	different	atoms.	A	molecule	may	be	polar
either	as	a	result	of	polar	bonds	due	to	differences	in	electronegativity	as	described	above,	or	as	a	result	of	an	asymmetric	arrangement	of	nonpolar	covalent	bonds	and	non-bonding	pairs	of	electrons	known	as	a	full	molecular	orbital.While	the	molecules	can	be	described	as	"polar	covalent",	"nonpolar	covalent",	or	"ionic",	this	is	often	a	relative	term,
with	one	molecule	simply	being	more	polar	or	more	nonpolar	than	another.	However,	the	following	properties	are	typical	of	such	molecules.When	comparing	a	polar	and	nonpolar	molecule	with	similar	molar	masses,	the	polar	molecule	in	general	has	a	higher	boiling	point,	because	the	dipoledipole	interaction	between	polar	molecules	results	in
stronger	intermolecular	attractions.	One	common	form	of	polar	interaction	is	the	hydrogen	bond,	which	is	also	known	as	the	H-bond.	For	example,	water	forms	H-bonds	and	has	a	molar	mass	M	=	18	and	a	boiling	point	of	+100C,	compared	to	nonpolar	methane	with	M	=	16	and	a	boiling	point	of	161C.Due	to	the	polar	nature	of	the	water	molecule
itself,	other	polar	molecules	are	generally	able	to	dissolve	in	water.	Most	nonpolar	molecules	are	water-insoluble	(hydrophobic)	at	room	temperature.	Many	nonpolar	organic	solvents,	such	as	turpentine,	are	able	to	dissolve	nonpolar	substances.Polar	compounds	tend	to	have	higher	surface	tension	than	nonpolar	compounds.[citation	needed]Polar
liquids	have	a	tendency	to	rise	against	gravity	in	a	small	diameter	tube.[citation	needed]Polar	liquids	have	a	tendency	to	be	more	viscous	than	nonpolar	liquids.[citation	needed]	For	example,	nonpolar	hexane	is	much	less	viscous	than	polar	water.	However,	molecule	size	is	a	much	stronger	factor	on	viscosity	than	polarity,	where	compounds	with
larger	molecules	are	more	viscous	than	compounds	with	smaller	molecules.[citation	needed]	Thus,	water	(small	polar	molecules)	is	less	viscous	than	hexadecane	(large	nonpolar	molecules).The	water	molecule	is	made	up	of	oxygen	and	hydrogen,	with	respective	electronegativities	of	3.44	and	2.20.	The	electronegativity	difference	polarizes	each	HO
bond,	shifting	its	electrons	towards	the	oxygen	(illustrated	by	red	arrows).	These	effects	add	as	vectors	to	make	the	overall	molecule	polar.A	polar	molecule	has	a	net	dipole	as	a	result	of	the	opposing	charges	(i.e.	having	partial	positive	and	partial	negative	charges)	from	polar	bonds	arranged	asymmetrically.	Water	(H2O)	is	an	example	of	a	polar
molecule	since	it	has	a	slight	positive	charge	on	one	side	and	a	slight	negative	charge	on	the	other.	The	dipoles	do	not	cancel	out,	resulting	in	a	net	dipole.	The	dipole	moment	of	water	depends	on	its	state.	In	the	gas	phase	the	dipole	moment	is	1.86	debye	(D),[11]	whereas	liquid	water	(	2.95	D)[12]	and	ice	(	3.09	D)[13]	are	higher	due	to	differing
hydrogen-bonded	environments.	Other	examples	include	sugars	(like	sucrose),	which	have	many	polar	oxygenhydrogen	(OH)	groups	and	are	overall	highly	polar.If	the	bond	dipole	moments	of	the	molecule	do	not	cancel,	the	molecule	is	polar.	For	example,	the	water	molecule	(H2O)	contains	two	polar	OH	bonds	in	a	bent	(nonlinear)	geometry.	The
bond	dipole	moments	do	not	cancel,	so	that	the	molecule	forms	a	molecular	dipole	with	its	negative	pole	at	the	oxygen	and	its	positive	pole	midway	between	the	two	hydrogen	atoms.	In	the	figure	each	bond	joins	the	central	O	atom	with	a	negative	charge	(red)	to	an	H	atom	with	a	positive	charge	(blue).The	hydrogen	fluoride,	HF,	molecule	is	polar	by
virtue	of	polar	covalent	bonds	in	the	covalent	bond	electrons	are	displaced	toward	the	more	electronegative	fluorine	atom.The	ammonia	molecule,	NH3,	is	polar	as	a	result	of	its	molecular	geometry.	The	red	represents	partially	negatively	charged	regions.	Ammonia,	NH3,	is	a	molecule	whose	three	NH	bonds	have	only	a	slight	polarity	(toward	the
more	electronegative	nitrogen	atom).	The	molecule	has	two	lone	electrons	in	an	orbital	that	points	towards	the	fourth	apex	of	an	approximately	regular	tetrahedron,	as	predicted	by	the	VSEPR	theory.	This	orbital	is	not	participating	in	covalent	bonding;	it	is	electron-rich,	which	results	in	a	powerful	dipole	across	the	whole	ammonia
molecule.Resonance	Lewis	structures	of	the	ozone	moleculeIn	ozone	(O3)	molecules,	the	two	OO	bonds	are	nonpolar	(there	is	no	electronegativity	difference	between	atoms	of	the	same	element).	However,	the	distribution	of	other	electrons	is	uneven	since	the	central	atom	has	to	share	electrons	with	two	other	atoms,	but	each	of	the	outer	atoms	has
to	share	electrons	with	only	one	other	atom,	the	central	atom	is	more	deprived	of	electrons	than	the	others	(the	central	atom	has	a	formal	charge	of	+1,	while	the	outer	atoms	each	have	a	formal	charge	of	12).	Since	the	molecule	has	a	bent	geometry,	the	result	is	a	dipole	across	the	whole	ozone	molecule.A	molecule	may	be	nonpolar	either	when	there
is	an	equal	sharing	of	electrons	between	the	two	atoms	of	a	diatomic	molecule	or	because	of	the	symmetrical	arrangement	of	polar	bonds	in	a	more	complex	molecule.	For	example,	boron	trifluoride	(BF3)	has	a	trigonal	planar	arrangement	of	three	polar	bonds	at	120.	This	results	in	no	overall	dipole	in	the	molecule.In	a	molecule	of	boron	trifluoride,
the	trigonal	planar	arrangement	of	three	polar	bonds	results	in	no	overall	dipole.Carbon	dioxide	has	two	polar	C-O	bonds	in	a	linear	geometry.Carbon	dioxide	(CO2)	has	two	polar	C=O	bonds,	but	the	geometry	of	CO2	is	linear	so	that	the	two	bond	dipole	moments	cancel	and	there	is	no	net	molecular	dipole	moment;	the	molecule	is	nonpolar.In
methane,	the	bonds	are	arranged	symmetrically	(in	a	tetrahedral	arrangement)	so	there	is	no	overall	dipole.Examples	of	household	nonpolar	compounds	include	fats,	oil,	and	petrol/gasoline.	In	the	methane	molecule	(CH4)	the	four	CH	bonds	are	arranged	tetrahedrally	around	the	carbon	atom.	Each	bond	has	polarity	(though	not	very	strong).	The
bonds	are	arranged	symmetrically	so	there	is	no	overall	dipole	in	the	molecule.	The	diatomic	oxygen	molecule	(O2)	does	not	have	polarity	in	the	covalent	bond	because	of	equal	electronegativity,	hence	there	is	no	polarity	in	the	molecule.Large	molecules	that	have	one	end	with	polar	groups	attached	and	another	end	with	nonpolar	groups	are
described	as	amphiphiles	or	amphiphilic	molecules.	They	are	good	surfactants	and	can	aid	in	the	formation	of	stable	emulsions,	or	blends,	of	water	and	fats.	Surfactants	reduce	the	interfacial	tension	between	oil	and	water	by	adsorbing	at	the	liquidliquid	interface.This	amphiphilic	molecule	has	several	polar	groups	(hydrophilic,	water-loving)	on	the
right	side	and	a	long	nonpolar	chain	(lipophilic,	fat-loving)	at	the	left	side.	This	gives	it	surfactant	propertiesA	micelle	the	lipophilic	ends	of	the	surfactant	molecules	dissolve	in	the	oil,	while	the	hydrophilic	charged	ends	remain	outside	in	the	water	phase,	shielding	the	rest	of	the	hydrophobic	micelle.	In	this	way,	the	small	oil	droplet	becomes	water-
soluble.	Phospholipids	are	effective	natural	surfactants	that	have	important	biological	functionsCross	section	view	of	the	structures	that	can	be	formed	by	phospholipids.	They	can	form	a	micelle	and	are	vital	in	forming	cell	membranesFormulaDescriptionExampleNameDipole	momentPolarABLinear	moleculesCOCarbon	monoxide0.112HAxMolecules
with	a	single	HHFHydrogen	fluoride1.86AxOHMolecules	with	an	OH	at	one	endC2H5OHEthanol1.69OxAyMolecules	with	an	O	at	one	endH2OWater1.85NxAyMolecules	with	an	N	at	one	endNH3Ammonia1.42NonpolarA2Diatomic	molecules	of	the	same	elementO2Dioxygen0.0CxAyMost	hydrocarbon	compoundsC3H8Propane0.083CxAyHydrocarbon
with	center	of	inversionC4H10Butane0.0Determining	the	point	group	is	a	useful	way	to	predict	polarity	of	a	molecule.	In	general,	a	molecule	will	not	possess	dipole	moment	if	the	individual	bond	dipole	moments	of	the	molecule	cancel	each	other	out.	This	is	because	dipole	moments	are	euclidean	vector	quantities	with	magnitude	and	direction,	and	a
two	equal	vectors	that	oppose	each	other	will	cancel	out.Any	molecule	with	a	centre	of	inversion	("i")	or	a	horizontal	mirror	plane	("h")	will	not	possess	dipole	moments.	Likewise,	a	molecule	with	more	than	one	Cn	axis	of	rotation	will	not	possess	a	dipole	moment	because	dipole	moments	cannot	lie	in	more	than	one	dimension.	As	a	consequence	of
that	constraint,	all	molecules	with	dihedral	symmetry	(Dn)	will	not	have	a	dipole	moment	because,	by	definition,	D	point	groups	have	two	or	multiple	Cn	axes.Since	C1,	Cs,Ch	Cn	and	Cnv	point	groups	do	not	have	a	centre	of	inversion,	horizontal	mirror	planes	or	multiple	Cn	axis,	molecules	in	one	of	those	point	groups	will	have	dipole	moment.Contrary
to	popular	misconception,	the	electrical	deflection	of	a	stream	of	water	from	a	charged	object	is	not	based	on	polarity.	The	deflection	occurs	because	of	electrically	charged	droplets	in	the	stream,	which	the	charged	object	induces.	A	stream	of	water	can	also	be	deflected	in	a	uniform	electrical	field,	which	cannot	exert	force	on	polar	molecules.
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polar.	A	difference	of	1.8	and	above	is	ionic.	Repeat	Step	3	for	each	bond	in	the	molecule.	Draw	an	arrow	near	each	polar	bond.	Point	the	tip	toward	the	more	electronegative	atom.	If	all	the	arrows	point	to	a	common	center,	the	molecule	is	nonpolar.	If	they	do	not,	the	molecule	is	polar.	Some	elements,	such	as	fluorine,	change	electronegativity	based
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Polarity	The	electron	density	of	a	polar	bond	accumulates	towards	one	end	of	the	bond,	causing	that	end	to	carry	a	slight	negative	charge	and	the	other	end	a	slight	positive	charge.	Likewise	molecules	in	which	there	is	an	accumulation	of	electron	density	at	one	end	of	the	molecule,	giving	that	end	a	partial	negative	charge	and	the	other	a	partial
positive	charge,	are	called	polar	molecules.	There	is	a	series	of	steps	you	can	take	to	determine	if	a	molecule	is	polar	or	not.	As	you	work	through	these	steps	you	will	see	that	molecules	with	polar	bonds	are	not	necessarily	polar	molecules.	Step	1:	Indicate	polar	bonds	in	molecule	or	ion.	Remember	that	a	polar	bond	is	one	in	which	the	electrons	are
unevenly	distributed.	This	occurs	because	of	a	difference	in	electronegativity	of	the	two	atoms	that	share	the	electrons.	The	Lewis	structures	for	H2S,	BF3,	and	CCl2H2	are	shown	below.	Click	on	the	bonds	that	are	polar.	Good!	Are	there	any	other	polar	bonds	in	any	of	these	molecules?	While	carbon	is	more	electronegative	than	hydrogen,	the
difference	in	electronegativity	values	is	so	slight	that	carbon	hydrogen	bonds	are	usually	considered	nonpolar.	Good!	You	have	found	all	of	the	polar	bonds	in	each	of	these	three	molecules.	Step	2:	Using	the	molecular	geometry,	determine	if	any	of	the	dipole	moments	will	cancel.	Any	resulting	dipole	indicates	a	polar	molecule.	The	bond	dipole
moments	will	cancel	if:1.	They	are	of	the	same	magnitude	(i.e.	the	bonds	are	made	with	the	same	element)	AND2.	They	are	symetrically	arranged	about	the	central	atom.In	the	following	geometries,	the	atoms	are	arranged	symetrically	about	the	central	atom:	linear,	triangular	planar,	tetrahedral,	square	planar,	triangular	bipyrimidal,	and	octahedral.
Let's	look	at	two	examples:	carbon	dioxide	and	water.	Carbon	dioxide	is	a	linear	molecule	with	two	polar	bonds.	Water	is	a	bent	molecule	with	two	polar	bonds.	Carbon	dioxide	will	not	be	polar	because	both	dipole	moments	are	equal	in	magnitude	(since	they	are	both	carbon	oxygen	bonds)	and	arranges	symetrically	about	the	central	atom	in	a	linear
geometry.	Water	will	be	polar.	Even	though	the	two	dipole	moments	are	equal	in	magnitude	(since	they	are	both	oxygen	hydrogen	bonds),	they	are	not	arranged	symetrically	about	the	central	atom	and	thus	will	not	cancel	out.	What	is	the	molecular	geometry	of	the	following	molecules?	Good!	The	molecular	geometries	with	the	bond	dipoles	are	shown
below:	Maybe	you	should	review	the	molecular	geometries	by	clicking	on	the	test	tube	on	the	right.	Review	molecular	geometries	Using	the	molecular	geometries,	click	on	the	molecules	that	will	have	a	molecular	dipole	moment.	Good!	H2S	is	a	polar	molecule	with	a	net	dipole	moment	as	shown	on	the	left.	While	the	boron	fluoride	bonds	are	polar,	the
dipole	moments	cancel	out.	Therefore,	BF3	is	a	nonpolar	molecule.	Good!	CCl2H2	is	a	polar	molecule	with	a	net	dipole	moment	as	shown	on	the	left.	Are	there	any	other	polar	molecules?	Page	2	Electronegativity	Electronegativity	is	a	measure	of	an	atom's	ability	to	attract	the	shared	electrons	of	a	covalent	bond	to	itself.	If	atoms	bonded	together	have
the	same	electronegativity,	the	shared	electrons	will	be	equally	shared.	If	the	electrons	of	a	bond	are	more	attracted	to	one	of	the	atoms	(because	it	is	more	electronegative),	the	electrons	will	be	unequally	shared.	If	the	difference	in	electronegativity	is	large	enough,	the	electrons	will	not	be	shared	at	all;	the	more	electronegative	atom	will	"take"
them	resulting	in	two	ions	and	an	ionic	bond.	Imagine	a	game	of	tug-of-war.	If	the	two	teams	are	of	equal	strength,	the	rope	stays	centered.	If	one	team	is	stronger,	the	rope	is	pulled	in	that	team's	direction.	If	one	team	is	overwhelmingly	stronger,	the	weaker	team	is	no	longer	able	to	hold	onto	the	rope	and	the	entire	rope	ends	up	on	the	side	of	the
stronger	team.	This	is	analogous	to	chemical	bonds.	If	the	two	atoms	of	the	bond	are	of	equal	electronegativity,	the	electrons	are	equally	shared.	If	one	atom	is	more	electronegative,	the	electrons	of	the	bond	are	more	attracted	to	that	atom.	If	one	atom	is	overwhelmingly	more	electronegative	than	the	other	atom,	the	electrons	will	not	be	shared	and
an	ionic	bond	will	result.	The	periodic	table	below	shows	the	Pauling	electronegativity	scale.	A	value	of	4.0	is	assigned	to	fluorine,	the	most	electronegative	element.	As	you	can	see,	electronegativities	generally	increase	from	left	to	right	across	a	period	and	decrease	down	a	group.	Pauling	Electronegativity	Scale	H2.1<	1.02.0	-	2.41.0	-	1.42.5	-	2.91.5	-
1.93.0	-	4.0	Li1.0Be1.5B2.0C2.5N3.0O3.5F4.0	Na1.0Mg1.2Al1.5Si1.8P2.1S2.5Cl3.0	K0.9Ca1.0Sc1.3Ti1.4V1.5Cr1.6Mn1.6Fe1.7Co1.7Ni1.8Cu1.8Zn1.6Ga1.7Ge1.9As2.1Se2.4Br2.8	Rb0.9Sr1.0Y1.2Zr1.3Nb1.5Mo1.6Tc1.7Ru1.8Rh1.8Pd1.8Ag1.6Cd1.6In1.6Sn1.8Sb1.9Te2.1I2.5
Cs0.8Ba1.0La1.1Hf1.3Ta1.4W1.5Re1.7Os1.9Ir1.9Pt1.8Au1.9Hg1.7Tl1.6Pb1.7Bi1.8Po1.9At2.1	Fr0.8Ra1.0Ac1.1	In	the	following	two	sets,	rank	the	elements	in	order	of	increasing	electronegativity	(1	being	the	least	electronegative).	Aditya	Virani,	Jordan	Calmes,	Christopher	Williams,	and	contributed	Contents	Definitions	Electron	and	Molecular
Geometry	Significance	When	atoms	with	differing	electronegativity	are	bonded	together,	the	electrons	may	spend	more	time	around	one	atom	than	the	other,	creating	an	unequal	distribution	of	charge	and	a	polar	bond.	In	a	polar	bond,	the	electron-rich	atom	has	a	partial	negative	charge	(\(\delta^-\))	and	the	electron-poor	atom	has	a	partial	positive
charge(\(\delta^+\)).	The	dipole	moment	is	the	result	of	asymmetrical	charge	distribution	in	a	polar	substance.	Mathematically,	it	is	the	product	of	the	partial	charge	on	the	bonded	atoms	and	the	distance	between	them.	The	vector	sum	of	the	dipole	moments	determines	the	polarity	of	a	molecule.	The	vector	sum	of	the	dipole	moments	of	a	non-polar
molecule	will	be	zero.	It	is	possible	for	a	molecule	to	have	polar	bonds,	but	be	a	non-polar	molecule.	This	occurs	when	the	three-dimensional	shape	of	the	molecule	is	symmetric.	For	example,	carbon	dioxide	\(\left(\ce{CO2}\right)\)	and	methane	\(\left(\ce{CH4}\right)\)	are	non-polar	because	their	symmetric	shapes	cancel	out	the	dipole	moments	to
zero,	as	shown	in	the	figure	below.	On	the	other	hand,	water	\(\left(\ce{H2O}\right)\)	is	a	polar	molecule	because	the	overall	dipole	moment	points	toward	the	oxygen	atom	(indicating	the	oxygen	atom	is	the	most	electron-rich).	Understanding	the	electron	pair	and	molecular	geometries	described	in	the	valence	shell	electron	pair	repulsion	(vsper)
model	is	useful	in	predicting	the	polarity	of	molecules.	Polarity	is	important	because	it	determines	whether	a	molecule	is	hydrophilic	(from	the	Greek	for	water-loving)	or	hydrophobic	(from	the	Greek	for	water-fearing	or	water-averse).	Molecules	with	high	polarity	are	hydrophilic,	and	mix	well	with	other	polar	compounds	such	as	water.	Molecules	that
are	non-polar	or	have	very	low	polarity	tend	to	be	hydrophobic,	and	mix	well	with	other	non-polar	(or	nearly	non-polar)	compounds	such	as	oil.	Polarity	also	affects	the	strength	of	intermolecular	forces.	The	only	intermolecular	force	that	non-polar	molecules	exhibit	is	the	van	der	Waals	force.	Polar	molecules	can	bond	with	each	other	via	dipole-dipole
interactions,	which	are	generally	stronger	than	van	der	Waals	forces.	Thus,	if	two	molecules	are	similar	in	size	and	one	is	polar	while	the	other	is	non-polar,	the	polar	molecule	will	have	higher	melting	and	boiling	points	compared	to	non-polar	molecule.	The	above	left	shows	the	Lewis	dot	structure	of	a	\(\ce{BF3}\)	molecule.	Boron	trifluoride	is	an
exception	of	the	octet	rule,	where	the	boron	atom	only	has	3	electron	pairs.	For	this	reason,	boron	trifluoride	has	a	trigonal	planar	shape,	which	is	symmetric.	Thus,	although	the	\(\ce{B-F}\)	bond	is	polar,	the	dipole	moments	cancel	out	and	the	overall	dipole	moment	sums	to	zero,	as	shown	in	the	above	right	figure.	Therefore,	boron	trifluoride	is
nonpolar.	\	Introduction:The	polarity	of	a	molecule	has	a	significant	impact	on	its	physical	properties,	chemical	reactivity,	and	interactions	with	other	molecules.	Understanding	how	to	determine	the	polarity	of	a	molecule	is	crucial	in	fields	such	as	chemistry,	biochemistry,	and	pharmacology.	In	this	article,	we	will	discuss	three	ways	to	determine	the
polarity	of	a	molecule:	examining	electronegativity	differences,	using	molecular	geometry	and	symmetry,	and	evaluating	bond	dipole	moments.1.	Examining	Electronegativity	Differences:Electronegativity	is	a	measure	of	the	ability	of	an	atom	to	attract	electrons	in	a	covalent	bond.	The	greater	the	difference	in	electronegativity	between	two	atoms	in	a
bond,	the	more	polar	that	bond	is.	To	determine	if	a	molecule	is	polar	or	not,	compare	the	electronegativity	values	of	the	atoms	involved.	If	there	is	a	substantial	difference	in	electronegativity	(generally	greater	than	0.5),	then	the	bond	is	considered	polar.2.	Using	Molecular	Geometry	and	Symmetry:The	shape	of	a	molecule	plays	an	essential	role	in
determining	its	polarity.	A	molecule	may	have	polar	bonds	but	overall	be	nonpolar	due	to	its	symmetric	geometry,	which	cancels	out	the	individual	bond	dipoles.	Conversely,	an	asymmetric	arrangement	of	polar	bonds	leads	to	an	overall	polarity	within	the	molecule.To	analyze	molecular	geometry,	you	can	use	VSEPR	(Valence	Shell	Electron	Pair
Repulsion)	theory	to	predict	the	shape	of	the	molecule	based	on	its	electron	domains	(pairs	around	the	central	atom).	Identify	whether	it	is	symmetric	or	not,	and	thus	whether	it	has	an	overall	dipole	or	not.3.	Evaluating	Bond	Dipole	Moments:Bond	dipole	moment	refers	to	the	separation	of	positive	and	negative	charges	within	a	bond	resulting	from
differences	in	electronegativity	between	bonding	atoms.	The	vector	sum	of	all	individual	bond	dipoles	in	a	molecule	determines	the	overall	molecular	dipole	moment.	A	nonzero	net	molecular	dipole	moment	means	the	molecule	is	polar,	while	a	net	molecular	dipole	moment	of	zero	indicates	that	the	molecule	is	nonpolar.To	determine	the	bond	dipoles,
you	can	use	an	arrow	notation	to	represent	the	direction	and	strength	of	each	polar	bonds	dipole	within	the	molecule.	Then,	combine	the	individual	bond	dipoles	both	in	magnitude	and	direction	to	obtain	an	overall	molecular	dipole	moment.Conclusion:The	polarity	of	a	molecule	can	be	determined	through	these	three	main	methods:	comparing
electronegativity	differences,	examining	molecular	geometry	and	symmetry,	and	evaluating	bond	dipole	moments.	By	understanding	the	polarity	of	molecules,	scientists	are	better	equipped	to	predict	their	physical	properties	and	chemical	reactivity	as	well	as	design	new	drugs	and	materials	with	specific	characteristics.	Polarity	refers	to	the	condition
in	which	the	electric	charges	on	a	molecule	are	separated,	leading	to	a	partial	positive	charge	at	one	end	and	a	partial	negative	charge	at	the	other.	It	can	also	refer	to	the	distribution	of	charges	over	a	pair	of	atoms	chemically	bonded	in	a	molecule.	The	former	is	known	as	molecular	polarity,	and	the	latter	is	called	bond	polarity.	Polarity	is	a	physical
property	of	a	compound	that	determines	its	solubility,	melting	point,	and	boiling	point	[1-4].	Polarity	comes	from	the	uneven	distribution	of	electrons	among	the	various	atoms	in	a	molecule.	The	sharing	of	electrons	in	a	chemical	bond	depends	on	the	electronegativity	values	of	the	bonded	atoms.	More	electronegative	atoms	such	as	oxygen,	nitrogen,
fluorine,	and	chlorine	tend	to	attract	bonded	electron	pairs	and	acquire	partial	negative	charges.	On	the	other	hand,	less	electronegative	atoms	like	hydrogen,	carbon,	and	sulfur	tend	to	acquire	partial	positive	charges	or	remain	neutral	[1-4].	Electrons	are	unequally	shared	when	two	atoms	with	unequal	electronegativities	are	bonded.	The	electron
density	increases	in	one	atom	and	decreases	in	the	other.	As	a	result,	partial	charges	develop	in	each	atom.	This	charge	separation	leads	to	the	formation	of	an	electric	dipole.	Because	the	amount	of	charge	separated	is	less	than	one	fundamental	charge,	they	are	called	partial	charges.	They	are	denoted	by	the	Greek	symbol	delta	()	+	for	a	partial
positive	charge	and	-	for	a	partial	negative	charge.	The	product	of	the	charge	and	the	separation	distance	gives	the	bonds	dipole	moment.	Since	polar	bonds	are	treated	as	vectors,	the	vector	sum	of	all	the	bond	polarities	determines	the	polarity	of	a	molecule.	Moreover,	the	molecular	shape	affects	polarity	to	a	large	extent.	If	the	shape	is	such	that	the
vectors	cancel,	the	molecule	has	zero	polarity	and	is	said	to	be	nonpolar.	If	the	vectors	do	not	cancel,	the	molecule	has	a	nonzero	polarity	and	is	said	to	be	polar	[1-4].	Polar	Molecule	Hydrogen	chloride	(HCl)	is	an	example	of	a	polar	molecule.	Hydrogen	(H)	and	chlorine	(Cl)	each	share	one	electron	to	form	a	single	covalent	bond.	Chlorine	is	more
electronegative	than	hydrogen.	Hence,	it	will	pull	the	shared	electron	pair	toward	itself	and	acquire	a	partial	negative	charge.	On	the	other	hand,	there	will	be	a	deficiency	of	electrons	on	the	hydrogen	atom,	resulting	in	a	partial	positive	charge.	The	presence	of	positive	and	negative	partial	charges	leads	to	polarity	in	HCl.	The	polarity	is	quantified	by
dipole	moment,	whose	value	for	HCl	is	1.03	D.	Polarity	Nonpolar	Molecule	Carbon	dioxide	(CO2)	is	an	example	of	a	nonpolar	molecule.	CO2	has	a	linear	structure,	which	means	that	carbon	(C)	and	the	two	oxygen	(O)	atoms	align	in	a	straight	line.	There	is	a	significant	electronegativity	difference	between	carbon	and	oxygen.	The	carbon	atom	forms	a
double	covalent	bond	with	each	oxygen	atom,	resulting	in	two	dipole	moments.	However,	the	two	moments	are	equal	in	magnitude	and	opposite	in	direction.	They	will	cancel,	resulting	in	a	net	zero	dipole	moment.	CO2	Polarity	H2OCO2BF3CH2Cl2NH3CH4H2SCCl4HClHCNNBr3HFSO2CS2SF6SO3CF4	Q.1.	Do	double	bonds	increase	polarity?	Ans.
Polarity	increases	with	the	increasing	s	character	of	a	covalent	bond.	Since	a	double	bond	has	33%	s	character	compared	to	25%	in	a	single	bond,	its	polarity	increases.	Q.2.	What	does	polarity	have	to	do	with	surface	tension?	Ans.	Polar	molecules	have	high	intramolecular	forces.	As	a	result,	polar	compounds	display	high	surface	tension.	Q.3.	How
does	polarity	affect	solubility?	Ans.	Generally,	polar	substances	dissolve	in	polar	liquids,	and	nonpolar	substances	dissolve	in	nonpolar	liquids.	Learning	Objectives	To	predict	whether	a	molecule	is	polar	or	non-polar	You	have	already	seen	that	covalent	bonds	are	polar	when	they	link	two	different	atoms.In	a	polar	bond,	one	atom	is	positively	charged
and	the	other	is	negatively	charged.	A	molecule	(or	polyatomic	ion)	is	polar	when	one	side	of	the	molecule	is	more	positive	(or	more	negative)	than	the	other.	This	occurs	when	the	polarities	of	the	bonds	do	not	cancel	out.	For	example	in	CO2,	each	carbon-oxygen	bond	is	polar,	butCO2is	anonpolar	molecule.The	molecule	is	linear,	so	the	two	bonds
point	in	opposite	directions.	They	are	equally	polar,	so	their	effects	cancel	out.The	two	sides	of	the	molecule	are	identical;	neither	one	is	more	negative	than	the	other.	On	the	other	hand,	OCS	is	a	polar	molecule.This	molecule	is	also	linear,	but	the	C=O	and	C=S	bonds	are	not	equally	polar,	because	O	is	more	electronegative	than	S.	In	this	molecule,
the	oxygen	side	is	more	negative	than	the	sulfur	side.	Water	is	also	polar,	but	for	a	different	reason.	In	this	case,	the	two	bonds	are	equally	polar,	but	they	do	not	cancel	each	other	out,	because	they	do	not	point	in	opposite	directions.	Water	is	a	bent	molecule,	so	the	OH	bonds	are	roughly	109.5	apart	(actually	about	105).	In	the	drawing	below,	the	left
side	of	the	molecule	is	positively	charged	and	the	right	side	is	negatively	charged.	As	a	general	rule,	molecules	that	are	distorted	are	also	polar.The	only	exceptions	are	linear	molecules	in	which	the	outer	atoms	are	dissimilar;	these	molecules	are	not	distorted,	but	they	are	polar.OCS	(above)	is	an	example.	Molecular	polarity	can	be	described	more
formerly	in	terms	ofthe	summation	of	bonddipole	moments.	In	complex	molecules	with	polar	covalent	bonds,	the	three-dimensional	geometry	and	the	compounds	symmetry	determine	whether	there	is	a	net	dipole	moment.	Mathematically,	dipole	moments	are	vectors;	they	possess	both	a	magnitude	and	a	direction.	The	dipole	moment	of	a	molecule	is
therefore	the	vector	sum	of	the	dipole	moments	of	the	individual	bonds	in	the	molecule.	If	the	individual	bond	dipole	moments	cancel	one	another,	there	is	no	net	dipole	moment.	Such	is	the	case	for	CO2,	a	linear	molecule	(Figure	\(\PageIndex{1a}\)).	Each	CO	bond	in	CO2	is	polar,	yet	experiments	show	that	the	CO2	molecule	has	no	dipole	moment.
Because	the	two	CO	bond	dipoles	in	CO2	are	equal	in	magnitude	and	oriented	at	180	to	each	other,	they	cancel.	As	a	result,	the	CO2	molecule	has	no	net	dipole	moment	even	though	it	has	a	substantial	separation	of	charge.	In	contrast,	the	H2O	molecule	is	not	linear	(Figure	\(\PageIndex{1b}\));	it	is	bent	in	three-dimensional	space,	so	the	dipole
moments	do	not	cancel	each	other.	Thus	a	molecule	such	as	H2O	has	a	net	dipole	moment.	We	expect	the	concentration	of	negative	charge	to	be	on	the	oxygen,	the	more	electronegative	atom,	and	positive	charge	on	the	two	hydrogens.	This	charge	polarization	allows	H2O	to	hydrogen-bond	to	other	polarized	or	charged	species,	including	other	water
molecules.	Figure	\(\PageIndex{1}\):	How	Individual	Bond	Dipole	Moments	Are	Added	Together	to	Give	an	Overall	Molecular	Dipole	Moment	for	Two	Triatomic	Molecules	with	Different	Structures.	(a)	In	CO2,	the	CO	bond	dipoles	are	equal	in	magnitude	but	oriented	in	opposite	directions	(at	180).	Their	vector	sum	is	zero,	so	CO2	therefore	has	no	net
dipole.	(b)	In	H2O,	the	OH	bond	dipoles	are	also	equal	in	magnitude,	but	they	are	oriented	at	104.5	to	each	other.	Hence	the	vector	sum	is	not	zero,	and	H2O	has	a	net	dipole	moment.	Other	examples	of	molecules	with	polar	bonds	are	shown	in	Figure	\(\PageIndex{2}\).	In	molecular	geometries	that	are	highly	symmetrical	(most	notably	tetrahedral
and	square	planar,	trigonal	bipyramidal,	and	octahedral),	individual	bond	dipole	moments	completely	cancel,	and	there	is	no	net	dipole	moment.	Although	a	molecule	like	CHCl3	is	best	described	as	tetrahedral,	the	atoms	bonded	to	carbon	are	not	identical.	Consequently,	the	bond	dipole	moments	cannot	cancel	one	another,	and	the	molecule	has	a
dipole	moment.	Due	to	the	arrangement	of	the	bonds	in	molecules	that	have	V-shaped,	trigonal	pyramidal,	seesaw,	T-shaped,	and	square	pyramidal	geometries,	the	bond	dipole	moments	cannot	cancel	one	another.	Consequently,	molecules	with	these	geometries	always	have	a	nonzero	dipole	moment.	Figure	\(\PageIndex{2}\):	Molecules	with	Polar
Bonds.	Individual	bond	dipole	moments	are	indicated	in	red.	Due	to	their	different	three-dimensional	structures,	some	molecules	with	polar	bonds	have	a	net	dipole	moment	(HCl,	CH2O,	NH3,	and	CHCl3),	indicated	in	blue,	whereas	others	do	not	because	the	bond	dipole	moments	cancel	(BCl3,	CCl4,	PF5,	and	SF6).Molecules	with	asymmetrical	charge
distributions	have	a	net	dipole	moment.Example	\(\PageIndex{1}\)	Which	molecule(s)	has	a	net	dipole	moment?	\(\ce{H2S}\)	\(\ce{NHF2}\)	\(\ce{BF3}\)	Given:	three	chemical	compounds	Asked	for:	net	dipole	moment	Strategy:	For	each	three-dimensional	molecular	geometry,	predict	whether	the	bond	dipoles	cancel.	If	they	do	not,	then	the	molecule
has	a	net	dipole	moment.	Solution:	The	total	number	of	electrons	around	the	central	atom,	S,	is	eight,	which	gives	four	electron	pairs.	Two	of	these	electron	pairs	are	bonding	pairs	and	two	are	lone	pairs,	so	the	molecular	geometry	of	\(\ce{H2S}\)	is	bent	(Figure	\(\PageIndex{6}\)).	The	bond	dipoles	cannot	cancel	one	another,	so	the	molecule	has	a
net	dipole	moment.	Difluoroamine	has	a	trigonal	pyramidal	molecular	geometry.	Because	there	is	one	hydrogen	and	two	fluorines,	and	because	of	the	lone	pair	of	electrons	on	nitrogen,	the	molecule	is	not	symmetrical,	and	the	bond	dipoles	of	NHF2	cannot	cancel	one	another.	This	means	that	NHF2	has	a	net	dipole	moment.	We	expect	polarization
from	the	two	fluorine	atoms,	the	most	electronegative	atoms	in	the	periodic	table,	to	have	a	greater	affect	on	the	net	dipole	moment	than	polarization	from	the	lone	pair	of	electrons	on	nitrogen.	The	molecular	geometry	of	BF3	is	trigonal	planar.	Because	all	the	BF	bonds	are	equal	and	the	molecule	is	highly	symmetrical,	the	dipoles	cancel	one	another
in	three-dimensional	space.	Thus	BF3	has	a	net	dipole	moment	of	zero:Exercise	\(\PageIndex{1}\)	Which	molecule(s)	has	a	net	dipole	moment?	\(\ce{CH3Cl}\)	\(\ce{SO3}\)	\(\ce{XeO3}\)	Answer	\(\ce{CH3Cl}\)	and	\(\ce{XeO3}\)	Molecules	with	polar	covalent	bonds	can	have	a	dipole	moment,	an	asymmetrical	distribution	of	charge	that	results	in	a
tendency	for	molecules	to	align	themselves	in	an	applied	electric	field.	Any	diatomic	molecule	with	a	polar	covalent	bond	has	a	dipole	moment,	but	in	polyatomic	molecules,	the	presence	or	absence	of	a	net	dipole	moment	depends	on	the	structure.	For	some	highly	symmetrical	structures,	the	individual	bond	dipole	moments	cancel	one	another,	giving
a	dipole	moment	of	zero.	
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