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How	do	intermolecular	forces	affect	solubility	in	water

In	a	previous	form	of	this	chapter,	the	effect	of	intermolecular	attractive	forces	on	the	formation	of	solutions	was	discussed.	Solute	and	solvent	chemical	structures	dictate	the	types	of	possible	forces	and,	consequently,	are	important	factors	in	determining	solubility.	For	example,	in	similar	conditions,	the	solubility	of	oxygen	water	is	about	three	times
greater	than	that	of	helium,	but	100	times	lower	than	chloromethane	solubility,	CHCl3.	Considering	the	role	of	the	chemical	structure	of	the	solvent,	note	that	the	solubility	of	oxygen	in	the	hexane	of	liquid	hydrocarbons,	C6H14,	is	about	20	times	greater	than	in	water.	Other	factors	also	affect	the	solubility	of	a	particular	substance	in	a	certain
solvent.	The	temperature	is	such	a	factor,	with	the	solubility	of	gas	typically	decreasing	as	the	temperature	increases	(Figure	\(\PageIndex{1}\)).	This	is	one	of	the	main	impacts	of	thermal	pollutionnatural	water.	Figure	\(\PageIndex{1}\):	Theof	these	gases	decreasing	water	while	the	temperature	increases.	All	solubility	has	been	measured	with	a
constant	pressure	of	101.3	kPa	(1	atm)	of	gas	above	the	solutions.	When	the	temperature	of	a	river,	a	lake	or	a	flow	is	lifted	abnormally	high,	usually	due	to	the	discharge	of	hot	water	from	a	certain	industrial	process,	the	solubility	of	oxygen	in	the	water	has	decreased.	Reduced	levels	of	dissolved	oxygen	can	have	serious	consequences	for	the	health
of	water	ecosystems	and,	in	serious	cases,	can	cause	serious	killings	of	fish	(Figure	\(\PageIndex{2}\)).	Figure	\(\PageIndex{2}\):	(a)	The	small	air	bubbles	in	this	chilled	water	glass	formed	when	the	heated	water	at	room	temperature	and	the	solubility	of	its	dissolved	air	decreased.	(b)	The	decrease	in	solubility	of	oxygen	in	natural	waters	subject	to
thermal	pollution	may	cause	serious	fish	losses.	(credited	to:	change	of	Liz	West's	work;	credit	b:by	U.S.	Fish	and	Wildlife	Service)	Theof	a	gaseous	solute	is	also	influenced	by	the	partial	pressure	of	the	sulute	in	the	gas	to	which	the	solution	is	exposed.	gas	solubility	increases	as	gas	pressure	increases.	The	carbonated	drinks	provide	a	nice	illustration
of	this	report.	the	process	of	carbonation	previews	to	expose	the	drink	to	a	relatively	high	pressure	of	carbon	dioxide	gas	and	then	seal	the	container	of	the	drink,	thus	saturating	the	drink	with	co2	at	this	pressure.	when	the	beverage	container	is	open,	a	family	member	is	heard	as	the	carbon	dioxide	gas	pressure	is	released,	and	some	of	the	dissolved
carbon	dioxide	is	generally	seen	leaving	the	solution	in	the	form	of	small	bubbles	(figure	(PageIndex{3.})	at	this	point,	the	drink	is	supersaturated	with	carbon	dioxide	and,	with	time,	the	dissolved	carbon	dioxide	concentration	will	decrease	to	its	balance	value.	Figure	(PageIndex{3}:)	openingbottle	of	carbonated	beverages	reduces	pressureCarbon
dioxide	over	the	drink.	CO2	solubility	is	therefore	lowered,	and	some	dissolved	carbon	dioxide	can	be	seen	leaving	the	solution	as	small	gas	bubbles.	(credit:	modification	of	Derrick	Coetzee's	work)	For	many	gaseous	sulphates,	the	ratio	between	solubility,	Cg	and	partial	pressure,	Pg,	is	proportional:	where	k	is	a	constant	of	proportionality	that
depends	on	the	identity	of	the	gaseous	solute	and	the	solvent,	and	the	temperature	of	the	solution.	This	is	a	mathematical	statement	by	Enrico's	law:	The	amount	of	an	ideal	gas	that	dissolves	in	a	given	volume	of	liquid	is	directly	proportional	to	the	gas	pressure.	Example	(PageIndex{1}:)	Application	of	Henry	A	20	°C	law,	dissolved	oxygen
concentration	in	gaseous	oxygen	exposed	water	at	a	partial	pressure	of	101.3	kPa	(760	torrr)	is	1.38	×	10−3	mol	L−1.	Use	Henry's	law	to	determine	the	solubility	of	oxygen	when	its	partial	pressure	is	20.7(155	torr,)	the	approximate	oxygen	pressure	inatmosphere.	Solution	According	to	Henry's	law,	for	an	ideal	solution	the	solubility,	Cg,	of	a	gas
(1.38	×	10−3	mol	L−1,	in	this	case)	is	directly	proportional	to	the	pressure,	Pg,	of	the	gas	not	dissolved	above	the	solution	(101.3	kPa,	or	760	torr,	in	this	case.)	Since	we	know	both	Cg	and	Pg,	we	can	reorganize	this	expression	to	solve	the	problem	of	k.	C_\ce{g}&=kP_\ce{g}\[5pt]	k&=\dfrac{C_\ce{g}}{P_\ce{g}}\[5pt]	=
^mathrm{\dfrac{1.38×10^{−3}\	Now	we	can	use	k	to	find	solubility	at	the	lower	pressure.	[C_\ce{g}=kP_\ce{g]	mathrm{1.36×10^{−5}\:mol\:L^{−1}\:kPa^{−1}×20.7\:kPa\[5pt]	(or\:1.82×10^{−6}\:mol\:L^{1}\:torr^{−1}=Any	combination	of	units	that	yields	to	dimensional	analysis	constraints	is	acceptable.	It's	because	the	changes	in	the
enthalpy	of	a	solution	generally	do	not	favor	dissolution.	A	longer	version:	To	explain	this,	it	is	usually	given	the	explanation	of	the	change	of	the	ethpia.	To	understand,	let's	see	what	happens	when	two	compounds	dissolve.	Take	ethanol	dissolve	in	water	as	an	example.	Here	is	the	gist	of	what	happens:	The	intermaculatory	forces	(i.e.	hydrogen	bonds
in	this	case)	in	water	are	disintegrated.	[green]	The	intermaculatory	forces	in	ethanol	are	disintegrated.	[green]	A	new	force	and	attraction	is	formed	between	the	molecules	of	ethanol	and	water.Ethanol	and	water	forming	hydrogen	bonds;	Source	This	happens	for	any	two	species	that	will	dissolve	each	other.	For	the	ionic	solutes,	the	'gluvage	of
baccello'	is	actually	the	lattice	that	breaks.	So	you'd	expect	a	manprocess	with	an	energy	gain	equal	to	the	ethpia	of	formation	of	lattice.	You	have	to	be	careful	with	two	things:	Solubility	is	not	binary.	We	usually	have	to	indicate	it	with	short	and	comprehensible	words	(i.e.	by	a	large	audience)	and	that's	why	we	use	it.	Is	chalk	insoluble	in	water	as
calcium	carbonate	or	soluble	as	propanoic	acid?	(Pyanoic	acid	is	water	miscible	in	RTP	and	STP)	That	"nonpolar	does	not	dissolve	in	polar"	is	not	accurate.	Nonpolar	solutes	are	generally	insoluble	in	polar	solvents.	We	can	easily	think	of	exceptions.	Brome	water	is	an	example	for	a	start,	but	certainly	not	the	most	remarkable	example.	So	the	question
that	comes	to	mind	is:	if	the	process	of	dissolution	will	be	the	same	for	polar	or	nonpolar	molecules	and	crude	the	same	for	molecules	with	hydrogen	bond	and	for	ionic	compounds,	why	are	some	solutes	insoluble	in	some	solvents?	As	we	have	seen,	there	are	two	endothermic	processes	and	a	processinvolved.	Very	simplya	rudimentary	answer	to	your
question	is	that	"because	induced	dipoles	are	known	as	one	of	the	weakest	intermo-lecular	interactions	and	therefore	solvent-solute	interactions	do	not	release	enough	energy	during	training,	so	$\Delta	H	>	0$.	This	means	that	thermodynamically	is	more	favorable	for	solvent-solvent	interaction	not	be	broken	and	therefore,	no	dissolution."	In
conclusion,	I	would	say	"yes,	the	polarity	of	the	solute/solvent	plays	an	important	rule	in	determining	solubility	or	insolubility.	But	it's	not	half	of	this."	A	small	material	review	can	be	found	below.	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>
>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	>	A	general	and	prescribed	rule	can	be	explained	primarily	by	another	simplistic	view	of	matter.	Don't	read	if	you're	not	interested.	However,	just	consider	the	enthalpy	is	notThat's	right.	At	least	that's	not	what's	happening	in
real	life.	The	meaning	of	the	enthalpy	is	associated	with	a	constant	constantand	pressure.	That's	not	what's	happening	in	real	life	chemistry.	For	a	start,	it	is	better	if	we	consider	the	hydrophobic	effect	(corrected	to	entropy,)	the	size	of	solute	species,	the	rate	of	dissolution,	the	common	ion	effect,	the	ion	force.	The	hydrophobic	effect:	Just	as	a	system
favors	less	potential	energy,	it	favors	disorder.	The	hydrophobic	effect	can	best	explain	why	some	nonpolar	molecules	cannot	dissolve	in	water:	The	hydrophobic	effect	is	the	observed	tendency	of	non-polar	substances	to	aggregate	in	aqueous	solution	and	exclude	water	molecules.	This	is	because	the	interactions	between	hydrophobic	molecules	allow
water	molecules	to	bind	more	freely,	increasing	the	entropy	of	the	system.	The	word	hydrophobic	literally	means	water	irrigation,	and	describes	segregation	and	apparent	repulsion	between	water	and	nonpolar	substances.	-	The	hydrophobic	effect,	Wikipedia	Simply	put,	the	reason	foris	not	well	understood.	A	simplified	explanation	is	that	the
structure	structurewater	allows	to	have	three	degrees	of	freedom	and	can	form	four	hydrogen	bonds.	If	it	does,	it	can't	easily	guide	how	it	could	and	therefore	entropy	would	decrease.	so,	to	promote	entropy,	this	must	happen	at	the	least.	if	you	want	to	study	mixing	entropy,	the	connected	wikipedia	article	is	very	nice.	the	size	of	the	species:
\ce{AgCl}	is	less	soluble	in	water	than	\ce{AgNO3.}	this	could	be	better	described	with	the	fact	that	the	silver	and	chlorine	ions	are	almost	the	same	size,	and	therefore	can	be	packed	tighter	together.	are	more	difficult	to	break	and	dissolve.	Note	that	"how	you	dissolve	as"	or	any	other	similar	rule	cannot	explain	this.	Actually,	the	impressive
delocalization	of	electrons	in	nitrate	ion	can	explain	the	massive	range	of	soluble	nitrates.	Dissolution	rate:	Would	it	still	be	called	a	soluble	species	if	it	dissolves	in	the	solvent	in	enough	time?	I	guessno,	since	radioactive	species	with	long	periods	of	half-life	areawarded	the	stable	medal.	the	speed	of	dissolution	is	not	a	thermodynamic	property,	but	a
kinetic.	Dissolution	is	not	always	an	instantaneous	process.	is	fast	when	salt	and	sugar	dissolve	in	water	but	much	slower	for	an	aspirin	tablet	or	a	large	crystal	of	hydrated	copper	sulphate	(ii.)	these	observations	are	the	consequence	of	two	factors:	the	solubility	rate	(in	kg/s)	is	linked	to	the	solubility	product	(depending	on	temperature)	and	the
surface	area	of	the	material.	the	speed	at	which	a	solid	dissolves	can	depend	on	its	crystallity	or	its	lack	in	the	case	of	amorphous	solids	and	the	surface	(dimension	of	the	chrysstally)	and	the	presence	of	polymorphism.	-	dissolution	rate,	additive	wikipedia	(dispersed:)	there	is	no	obligation	that	we	consider	only	the	existence	of	sulute	and	solvent.
What	would	you	do	if	I	dissolve	a	fatty	acid	(which	is	hydrophobic)	in	water?	getting	help	from	micelles	is	a	way.is	raw	the	same	way	fat	isin	the	blood,	and	the	same	soap	mechanism	use	to	clean	oil	from	the	skin.	Solubilization	is	distinct	from	dissolution	because	the	resulting	liquid	is	a	colloidal	dispersion	involving	an	association	colloid.	This
suspension	is	distinct	from	a	true	solution,	and	the	amount	of	solubilizate	in	the	micellar	system	may	be	different	(often	higher)	than	the	regular	solubility	of	solubilizate	in	the	solvent.	-	Solubilization	varies,	Wikipedia	$\hspace{3ex}$\hspace{7ex}$	Various	solubilization	of	fat	in	water	with	the	use	of	a	dispersing	-	Andreas	Dries;	Additives	of	origin
(The	common	ion	effect):	The	common	ion	effect	uses	the	principle	of	Le	Chatelier	to	explain	the	less	solubility	of	a	certain	precipitate	due	to	the	existence	of	a	similar	ion	in	the	solution.	For	example,	a	diluted	solution	of	magnesium	sulphate	is	less	soluble	if	some	copper	sulphate	(II)	is	dissolved.	Ionian	force:	To	expand	on	the	related
conceptscommon	ion,	ion	strength	isthe	ion	force	of	a	solution	is	a	measure	of	ion	concentration	in	that	solution.	ionic	compounds,	when	dissolved	in	water,	dissociate	in	ions.	the	total	concentration	of	electrolytes	in	solution	will	affect	important	properties	such	as	dissociation	or	solubility	of	different	salts.	one	of	the	main	features	of	a	solution	with
dissolved	ions	is	ion	strength.	the	ion	force	of	a	solution	is	a	function	of	the	concentration	of	all	ions	present	in	that	solution.	$i	=	\frac{1}{2	sum\limits^n_{i=1}	c_iz_i^2$	where	c_i	is	the	molar	concentration	of	ion	i	(m,	mol/L,)	z_i	is	the	charge	number	of	such	ion,	and	the	sum	is	taken	on	all	ions	of	the	solution.	-	ion	force,	wikipedia	(emphasis	mine)
learning	objectives	list	properties	of	ionic	and	molecular	compounds.	explain	the	differences	in	the	physical	properties	of	the	molecular	and	ionic	compounds	based	on	the	types	of	intermaculatory	forces	present	in	the	compounds.	You	can	guess	how	muchis	an	interesting	and	versatile	element.	There	are	over	twenty	million	known	compounds
containing	carbon,	enclosed	in	the	growing	field	of	organic	chemistry.	The	element	itself	can	exist	in	two	main	forms.	Diamond	is	a	form	of	carbon	that	is	extremely	difficult	and	is	one	of	the	few	materials	that	can	scratch	glass.	The	other	form	of	carbon	is	graphite,	a	very	soft	material	that	we	find	in	“meat”	pencils.	The	two	forms	differ	mainly	in	how
carbon	atoms	are	connected	together.	The	differences	in	the	disposition	of	atoms	affect	the	properties	of	the	material.	The	physical	state	and	properties	of	a	particular	compound	largely	depend	on	the	type	of	chemical	bond	it	displays.	Molecular	compounds,	sometimes	called	covalent	compounds,	show	a	wide	range	of	physical	properties	due	to
different	types	of	intermolecular	attractions	such	as	different	types	of	polar	interactions.	The	melting	and	boiling	points	of	compoundsare	generally	very	low	compared	to	those	ofof	ionic	compounds.	This	is	because	the	energy	needed	to	break	the	intermodal	forces	between	molecules	is	much	less	than	the	energy	needed	to	break	ionic	bonds	in	a
crystalline	ionic	compound.	Because	molecular	compounds	are	composed	of	neutral	molecules,	their	electrical	conductivity	is	generally	quite	poor,	both	in	solid	and	liquid	state.	Ionic	compounds	do	not	lead	electricity	in	the	solid	state	due	to	their	rigid	structure,	but	they	lead	well	when	melted	or	dissolved	in	a	solution.	The	solubility	of	the	water	of
the	molecular	compounds	is	variable	and	depends	mainly	on	the	type	of	intermacular	forces	involved.	Substances	that	expose	the	bonding	of	hydrogen	or	dipole-dipole	forces	are	generally	soluble	in	water,	while	those	that	expose	only	London	dispersion	forces	are	generally	insoluble.	Most,	but	not	all,	ionic	compounds	are	quite	soluble	in	water.	The
following	table	summarizes	somedifferences	between	ionic	and	molecular	compounds.	Comparison	between	ionic	andCompounds	Property	Ionic	Compounds	Compounds	Molecolari	Type	of	metal	elements	and	nonmetal	only	Ionian	alloy	–	transfer	of	electrons	(s)	between	covalent	atoms	–	sharing	of	torque	(s)	of	electrons	between	atoms	Unit
representative	formula	unit	molecule	physical	state	at	room	temperature.	Solid	gas,	liquid	or	solid	Water	Solubility	usually	high	variable	Melting	and	boiling	temperature	generally	high	electrical	conductivity	generally	low	good	when	melted	or	in	poor	solution	A	type	of	molecular	compound	behaves	very	different	from	the	one	described	so	far.	A
covalent	network	solid	is	a	compound	in	which	all	atoms	are	connected	to	each	other	by	covalent	bonds.	The	diamond	is	composed	entirely	of	carbon	atoms,	each	linked	to	four	other	carbon	atoms	in	a	tetrahedra	geometry.	The	fusion	of	a	covalent	network	solid	is	not	achieved	by	overcoming	relatively	weak	intermodal	forces.	Rather,	allcovalents	must
be	broken,	a	process	requiring	extremely	high	temperatures.	high.In	fact,	it	does	not	melt	at	all.	Instead,	vaporize	to	a	gas	at	temperatures	above	3500°	C.	Key	summary	The	physical	properties	of	a	material	are	influenced	by	intermolecular	forces	that	hold	molecules	together.	Questions	Use	the	link	below	to	answer	the	following	questions:
chm/vchembook/160Aintermolec.html	What	physical	properties	of	materials	are	influenced	by	intermo-molecular	forces?	What	are	the	strongest	interm	forces?	What	kind	of	molecule	is	HCl?	What	forces	exist	between	essentially	not	polar	molecules?	Questions	Are	molecular	compound	melting	points	generally	higher	or	lower	than	those	of	ionic
compounds?	Does	the	Ionic	compounds	lead	electricity	into	the	solid	state?	What	types	of	substances	are	generally	hydrosoluble?	Are	most	ionic	compounds	hydrosoluble?	Glossaria	intemolecular	force:	Forces	between	molecules.	ionic	compound:	Ionic	bonds	composed	in	a	structuremolecular	compound:	displays	a	wide	range	of	physical	physicsdue
to	the	different	types	of	intermo-lecular	attractions	such	as	different	types	of	polar	interactions.	interactions.
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