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Download	the	Testbook	APP	&	Get	Pass	Pro	Max	FREE	for	7	Days10,000+	Study	NotesRealtime	Doubt	Support71000+	Mock	TestsRankers	Test	Series+	more	benefitsDownload	App	Now	The	equilibrium	constant	(Kc)	and	the	pressure	equilibrium	constant	(Kp)	are	two	closely	related	concepts	in	chemistry	that	describe	the	extent	to	which	a	chemical
reaction	proceeds	in	the	forward	or	reverse	direction.	Kc	is	the	ratio	of	the	concentrations	of	the	products	to	the	concentrations	of	the	reactants	at	equilibrium,	while	Kp	is	the	ratio	of	the	partial	pressures	of	the	products	to	the	partial	pressures	of	the	reactants	at	equilibrium.	The	relationship	between	Kc	and	Kp	is	determined	by	the	ideal	gas	law,
which	states	that	the	pressure	of	a	gas	is	directly	proportional	to	its	concentration.	As	a	result,	Kc	and	Kp	are	related	by	the	following	equation:	Kp	=	Kc(RT)^(n),	where	R	is	the	ideal	gas	constant,	T	is	the	temperature	in	Kelvin,	and	n	is	the	change	in	the	number	of	moles	of	gas	between	the	reactants	and	products.	Chemical	Equilibrium:	Unraveling
the	Secrets	of	the	Balancing	ActChemical	equilibrium	is	like	a	bustling	party	where	reactants	and	products	dance	in	a	delicate	balance.	Theyre	constantly	interchanging	partners,	creating	and	consuming	each	other	at	the	same	rate.	This	juggling	act	is	crucial	for	predicting	how	chemical	reactions	will	behave.Equilibrium	is	like	a	frozen	moment	in
time.	Even	though	the	reactants	and	products	are	continuously	transforming,	their	concentrations	remain	constant.	Its	a	subtle	dance	where	the	forward	and	reverse	reactions	are	perfectly	synchronized.	Understanding	this	dance	is	like	having	a	secret	recipe	for	predicting	the	outcomes	of	chemical	reactions.Key	Players	in	the	Equilibrium	ShowAt	the
equilibrium	party,	we	have	two	rockstar	molecules:	equilibrium	constants	(Kc	and	Kp).	These	constants	tell	us	how	likely	it	is	for	reactants	to	turn	into	products	and	vice	versa.	Theyre	like	the	DJs	of	the	party,	setting	the	tempo	for	the	reaction.Another	VIP	at	the	party	is	the	ideal	gas	law.	Its	like	the	party	planner,	calculating	how	much	space	the
reactants	and	products	will	take	up.	Partial	pressure,	like	the	volume	of	the	music,	also	affects	the	equilibrium	balance.Gibbs	Free	Energy:	The	Partys	Secret	SauceGibbs	free	energy	is	the	secret	sauce	that	determines	spontaneity.	Its	like	the	energy	level	of	the	party.	A	negative	Gibbs	free	energy	change	means	the	party	is	going	to	happen
spontaneously,	with	reactants	rushing	to	form	products.Linking	the	Stars:	Equilibrium	Constants	and	Gibbs	Free	Energy	The	Vant	Hoff	equation	is	like	the	party	translator,	connecting	equilibrium	constants	to	Gibbs	free	energy	change.	Its	a	mathematical	formula	that	lets	us	predict	how	temperature	affects	the	party	vibe.Practical	Party	Planning:
Using	Equilibrium	in	the	Real	WorldUnderstanding	equilibrium	is	not	just	a	party	trick.	Its	used	in	all	sorts	of	cool	places,	like	industrial	chemistry	and	environmental	science.	Chemists	can	design	experiments	and	manipulate	reactions	based	on	equilibrium	concepts,	like	adjusting	the	temperature	or	partial	pressure	to	get	the	desired
products.Chemical	equilibrium	is	the	master	key	to	controlling	chemical	processes,	designing	experiments,	and	advancing	scientific	knowledge.	Its	like	the	secret	choreography	that	keeps	the	world	of	chemical	reactions	in	perfect	balance.Key	Players	in	Chemical	EquilibriumPicture	this:	Chemical	reactions	are	like	a	never-ending	dance,	with
reactants	transforming	into	products	and	products	dancing	back	into	reactants.	And	the	dance	floor?	Thats	chemical	equilibrium!But	who	are	the	key	players	that	control	this	dance?	Enter	equilibrium	constants,	your	secret	VIPs.	Theyre	like	referees,	deciding	the	final	tally	of	reactants	and	products.Kc	and	Kp:	The	Equilibrium	SuperstarsKc	(or	K	for
concentration)	counts	the	players	directly	on	the	dance	floor	(the	concentrations	of	reactants	and	products).Kp	(or	K	for	pressure)	counts	the	players	in	the	atmosphere	above	the	dance	floor	(the	partial	pressures	of	gases	involved).These	constants	are	like	disco	ball	scores,	telling	us	which	way	the	dance	is	moving:	more	reactants	or	more	products?
The	Influence	of	the	Ideal	Gas	LawRemember	the	ideal	gas	law,	PV	=	nRT?	Its	like	the	DJ,	adjusting	the	volume	(V)	and	temperature	(T)	of	the	dance	floor.	These	changes	can	affect	the	partial	pressures	of	gases,	influencing	which	way	the	dance	sways.Partial	Pressure:	The	Gas	CommandersPartial	pressure	is	like	the	volume	each	player	occupies	on
the	dance	floor.	Higher	partial	pressures	of	reactants	push	the	dance	towards	products,	while	higher	partial	pressures	of	products	push	it	back	towards	reactants.So,	these	key	players	orchestrate	the	eternal	dance	of	chemical	equilibrium.	Understanding	their	roles	is	like	having	the	secret	recipe	for	a	perfectly	balanced	dance	party!Gibbs	Free
Energy	and	the	Thermodynamics	of	EquilibriumEquilibrium	reactions	have	a	little	dance	partner	that	goes	by	the	name	of	Gibbs	Free	Energy.	This	fancy	term	describes	the	spontaneity	of	a	reaction,	aka	how	much	a	party	is	down	for	going	in	a	certain	direction.Gibbs	Free	Energy	(G)	is	like	a	measure	of	the	energy	available	for	a	reaction	to	do	its
thing.	The	change	in	Gibbs	Free	Energy	(G)	tells	us	if	the	reaction	wants	to	move	forward	(negative	G)	or	backward	(positive	G).Now,	heres	the	cool	part:	in	equilibrium,	G	is	zero.	Its	like	the	dancers	are	at	a	stalemate,	with	no	energy	left	to	go	in	either	direction.	But	if	you	tweak	the	conditions	(like	temperature	or	pressure),	you	can	disrupt	the
balance	and	make	the	reaction	go	one	way	or	the	other.Standard	Gibbs	Free	Energy	ChangeTheres	this	special	value	called	the	Standard	Gibbs	Free	Energy	Change	(G).	It	tells	us	how	much	change	in	energy	happens	under	a	set	of	standard	conditions	(temperature,	pressure,	etc.).	This	number	is	like	a	cheat	code,	letting	us	predict	if	a	reaction	is
spontaneous	under	those	conditions.	If	G	is	negative,	the	reaction	is	spontaneous;	if	its	positive,	the	reaction	is	non-spontaneous.So,	there	you	have	it,	folks!	Gibbs	Free	Energy	and	G	are	the	secret	ingredients	for	unlocking	the	mysteries	of	equilibrium	reactions.	They	help	us	understand	why	reactions	behave	the	way	they	do	and	even	predict	their
spontaneity.	Now,	go	forth	and	dance	with	the	laws	of	thermodynamics!Linking	Equilibrium	Constants	and	Gibbs	Free	EnergyLinking	Equilibrium	Constants	and	Gibbs	Free	EnergyPicture	this:	Youre	at	a	party,	and	the	punch	bowl	is	the	center	of	attention.	The	equilibrium	between	punch	drinkers	and	those	making	a	beeline	for	the	bowl	is	constantly
shifting.	Sometimes,	there	are	more	drinkers	than	punch,	and	sometimes	the	reverse	is	true.But	what	if	you	wanted	to	know	exactly	how	many	people	are	likely	to	be	at	the	punch	bowl	at	any	given	moment?	Thats	where	the	Vant	Hoff	equation	comes	in.	Its	like	a	secret	formula	that	tells	you	how	the	equilibrium	constant	(Kc)	is	related	to	something
called	standard	Gibbs	free	energy	change	(G).The	Vant	Hoff	equation	is	pretty	straightforward:ln	Kc	=	-G/RTWhere:ln	is	the	natural	logarithmKc	is	the	equilibrium	constantG	is	the	standard	Gibbs	free	energy	changeR	is	the	ideal	gas	constantT	is	the	temperature	in	KelvinSo,	if	you	know	the	equilibrium	constant,	you	can	calculate	the	standard	Gibbs
free	energy	change.	And	vice	versa.	Its	like	a	two-way	street	that	helps	you	understand	the	dynamics	of	chemical	reactions.For	example,	say	you	have	a	reaction	that	has	a	large	negative	G.	That	means	the	reaction	is	spontaneous,	which	basically	means	its	going	to	happen	without	you	having	to	do	anything.	The	Vant	Hoff	equation	tells	you	that	this
large	negative	G	will	correspond	to	a	large	equilibrium	constant.	That	means	there	will	be	a	lot	of	products	and	not	many	reactants	at	equilibrium.So,	there	you	have	it.	The	Vant	Hoff	equation	is	the	secret	handshake	between	equilibrium	constants	and	Gibbs	free	energy	change.	It	helps	you	predict	the	outcome	of	chemical	reactions	and	understand
the	forces	that	drive	them.Practical	Applications	of	Chemical	EquilibriumHarnessing	the	Power	of	EquilibriumUnderstanding	the	ins	and	outs	of	chemical	equilibrium	is	the	key	to	unlocking	the	secrets	of	chemical	reactions.	By	mastering	these	concepts,	chemists	can	become	alchemists	of	sorts,	manipulating	and	predicting	the	outcomes	of	reactions
with	remarkable	accuracy.Lets	take	a	stroll	through	the	fascinating	world	of	equilibrium	applications,	where	knowledge	is	transformed	into	practical	power.Industrial	AlchemyIn	the	bustling	realm	of	industrial	chemistry,	equilibrium	constants	provide	a	roadmap	for	optimizing	production	processes.	Consider	the	Haber-Bosch	process,	where	nitrogen
and	hydrogen	are	coaxed	into	a	cozy	embrace	to	create	ammonia.	The	equilibrium	constant	tells	us	how	much	of	each	reactant	we	need	to	use	to	maximize	our	ammonia	yield.Environmental	EquilibriumEquilibrium	also	plays	a	crucial	role	in	environmental	science.	In	our	quest	for	a	cleaner	planet,	we	can	use	equilibrium	constants	to	predict	the
behavior	of	pollutants	and	design	strategies	to	combat	them.	For	example,	understanding	the	equilibrium	between	carbon	dioxide	and	water	helps	us	understand	how	our	oceans	absorb	and	release	this	greenhouse	gas.Equilibrium	in	ActionLets	zoom	in	on	specific	examples	of	equilibrium	in	action:Bleaching	Your	Whites:	Bleach	works	its	magic	by
oxidizing	stains,	which	results	in	a	chemical	equilibrium.	The	equilibrium	constant	tells	us	the	maximum	level	of	bleaching	we	can	achieve,	ensuring	our	whites	stay	dazzlingly	white.Acid-Base	Chemistry:	The	equilibrium	between	acids	and	bases	determines	the	pH	of	solutions.	This	knowledge	is	essential	in	everything	from	designing	drugs	to	brewing
beer.Predicting	Reaction	Outcomes:	Armed	with	equilibrium	constants,	chemists	can	predict	whether	a	reaction	will	proceed	or	not.	Its	like	having	a	crystal	ball	for	chemical	reactions,	allowing	us	to	plan	experiments	and	design	efficient	processes.Chemical	equilibrium	is	not	just	a	theoretical	concept;	its	a	powerful	tool	that	empowers	chemists	to
understand,	manipulate,	and	predict	the	chemical	world	around	us.	Its	a	key	ingredient	in	our	quest	for	innovation,	sustainability,	and	a	deeper	understanding	of	the	universe	itself.Well,	there	you	have	it,	folks!	The	connection	between	Kc	and	Kp	laid	out	in	a	way	that	hopefully	made	sense.	I	know	it	can	be	a	bit	of	a	brain	twister,	but	hey,	thats	part	of
the	fun,	right?	Thanks	for	sticking	with	me	through	this	article,	and	if	you	have	any	more	chemistry	questions,	be	sure	to	drop	by	again.	Im	always	happy	to	nerd	out	over	science	with	you	all.	Catch	you	later!	There	are	times	when	we	need	to	convert	between	Kc	and	Kp.	Consider	the	following	general	reaction.aA	+	bB	cC	+	dD\(\displaystyle
K_p\;=\;\frac{P_C^cP_D^d}{P_A^aP_B^b}\)Each	reactant	and	product	can	be	written	in	terms	of	partial	pressures.	Starting	with	reactant	A,	the	partial	pressure	can	be	written	as:The	equilibrium	constant,	k,	is	a	number	that	describes	the	relationship	between	the	number	of	products	and	reactants	present	at	equilibrium	in	a	reversible	chemical
reaction	at	a	given	temperature.Kp	and	Kc	are	equilibrium	constants	of	ideal	gas	mixtures	considered	under	reversible	reactions.	Kp	is	an	equilibrium	constant	written	with	respect	to	the	atmospheric	pressure	and	the	Kc	is	the	equilibrium	constant	used	with	respect	to	the	concentrations	expressed	in	molarity.	The	Kp	Kc	relation	can	be	derived	by
understanding	what	are	Kp	and	Kc.Lets	consider	the	general	equilibrium	equation:A	+	B	C	+	DAccording	to	the	law	of	mass	action,The	rate	at	which	A	reacts	[A]The	rate	at	which	B	reacts	[B]	The	rate	at	which	A	and	B	react	together	[A][B]So,	the	rate	of	the	forward	reaction	=	kf	[A][B]Where	kf	is	the	velocity	constant	for	the	forward	reaction.Now,
the	rate	at	which	C	and	D	react	together	[C][D]So,	the	rate	of	the	backward	reaction	=	kb	[C][D]kb	=	velocity	constant	for	the	backward	reaction.At	equilibrium,	the	rate	of	the	forward	reaction	=	rate	of	the	backward	reaction.	kf	[A][B]	=	kb	[C][D]	\[\frac{[C][D]}{[A][B]}=\frac{kf}{kb}\]At	constant	temperature	kf	and	kb	are	constant,	therefore,\
[\frac{kf}{kb}\]=k	is	also	constant	at	a	constant	temperature.Here,	k	is	called	the	Equilibrium	constant.(Image	will	be	Uploaded	soon)Equilibrium	Constant	kcLet	us	consider	a	general	reversible	reaction:aA	+	bB	uU	+	vVApplying	the	law	of	mass	action	here:\[\frac{[U]^{u}[V]^{v}}{[A]^{a}[B]^{b}}\]=	k	or	kcIn	terms	of	expression	of
concentrations,	k	is	written	as	kc.This	mathematical	expression	is	called	the	law	of	chemical	equilibrium.Equilibrium	Constant	DefinitionAt	a	constant	temperature,	the	equilibrium	constant	is	the	ratio	of	the	product	of	the	molar	concentrations	of	the	products,	each	raised	to	the	power	equal	to	its	stoichiometric	coefficient	and	the	product	of	molar
concentrations	of	the	reactants,	each	raised	to	the	power	equal	to	its	stoichiometric	coefficient.Do	you	know	how	to	find	equilibrium	constant	kp	for	the	reaction?Lets	derive	the	equilibrium	constant	formula	for	gas-phase	reactions:The	Equilibrium	Constant	kp	for	the	ReactionWhen	both	reactants	and	products	are	in	gaseous	states,	then	we	express
equilibrium	constant	either	in	terms	of	concentration	in	moles	per	liter	or	partial	pressures	of	the	reactants	and	the	products.Derivation:The	relation	between	Kp	and	Kc	is	given	by	the	following	simple	derivation.	To	derive	the	relation	between	Kp	and	Kc,	consider	the	following	reversible	reaction:a	mole	of	reactant	A	is	reacted	with	b	mole	of
reactant	B	to	give	c	moles	of	product	C	and	d	moles	of	product	D,aA	+	bB	cC	+	dDWhere	a,b,c,	and	d	are	the	Stoichiometric	coefficients	of	reactants	A,	B	and	products	C,	D.What	is	kc?kc	is	the	equilibrium	constant	for	a	reversible	reaction	and	it	is	given	by,\[kc=\frac{C^{c}.D^{d}}{A^{a}.B^{b}}\]Where,C	-	The	molar	concentration	of	product	CD
-	The	molar	concentration	of	product	DA	-	The	molar	concentration	of	reactant	AB	-	The	molar	concentration	of	reactant	BWhere,PC	-	Partial	pressure	of	product	CPD	-	Partial	pressure	of	product	DPA	-	Partial	pressure	of	reactant	APB	-	Partial	pressure	of	reactant	BSimilarly,	Kp	is	the	equilibrium	constant	in	terms	of	atmospheric	pressure	and	is	given
by	the	expression:aA	+	bB	cC+	dDThen,	equilibrium	constant	formula	for	\[kp=\frac{PC^{c}.PD^{d}}{PA^{a}.PB^{b}}\].(a)Where	pv,	px,	py,	and	pz	are	the	partial	pressures	of	V,	X,	Y,	and	Z,	respectively.The	partial	pressures	are	taken	in	the	following	units:Relation	between	Kp	and	KcTo	derive	a	relation	between	Kp	and	Kc,	consider	the	ideal
gas	equation,PV	=	nRTWhere,P	-	Pressure	of	the	ideal	gasV	-	Volume	of	the	ideal	gasn	-	Number	of	molesR	-	Universal	gas	constantT	-	TemperatureOn	rearranging	the	above	equation	for	P,P	=	nRT/V..(3)We	know	that	the	ratio	number	of	moles	per	unit	volume	is	the	molar	concentration	of	the	substance,	hence	we	can	write	the	pressure	equation	as:P
=	molar	concentration	RT	..(4)Therefore	the	partial	pressures	of	A,	B,	C,	and	D	can	be	calculated	by	using	equation	(4):	PA	=	A	RT	PB	=	B	RT	PC	=	C	RT	PD	=	D	RTLet	us	consider	a	general	reversible	reaction	equation:aA	+	bB	cC	+	dDSubstituting	the	above	values	in	equation	(a),	and	simplify:\[kp=\frac{C^{c}.D^{d}RT^{c+d}}
{A^{a}.B^{b}.RT^{a+b}}\]Also,	we	may	write	equilibrium	constant	(kc)	in	terms	of	molar	concentrations	as;	\[kc=\frac{C^{c}D^{d}}{A^{a}B^{b}.}\].(b)So,	from	eq\[kp=\frac{C^{c}.D^{d}RT^{c+d}}{A^{a}.B^{b}.RT^{a+b}}\]\[kp=kc	\ast	RT^{(c+d)-(a+b)}\]Where,c	+	d	-	Number	of	moles	of	product	=	npa	+	b	-	Number	of	moles	of
reactant	=	nrTherefore,(c	+	d)	-	(a	+	b)	=	np	-	nr	=	ngThus	we	get	the	relation	between	Kp	and	Kc,kp	=	kc	\[(RT)^{\Delta	n}\]Where,ng	-	Change	in	gaseous	moles	of	reactant	and	the	product.This	is	the	required	expression	that	gives	the	relation	between	the	two	equilibrium	constants.	The	relation	between	Kp	and	Kc	Pdf	can	be	downloaded.
Depending	on	the	change	in	the	number	of	moles	of	gas	molecules,	Kp	and	Kc	relation	will	be	changing.In	other	terms,	we	have	kc	in	molar	concentration	in	the	following	manner:\[kc=\frac{CC^{c}.CD^{d}}{CA^{a}.CB^{b}.}\].(b)Ca,	Cb,	Cc,	and	Cd	express	the	molar	concentrations	of	A,	B,	C,	and	D,	respectively.If	we	consider	the	gas	as	an	ideal,
then	we	can	apply	the	ideal	gas	equation,	that	is:pV	=	nRT	or	p	=	\[\frac{n}{v}\]RT	=	CRT	\[\frac{n}{v}\]	=\[\frac{\text{Number	of	moles}}{\text{Litre}}\]=	C	(Molar	concentration)	For	the	gases	V,	X,	Y,	and	Z,	we	may	write	the	equation	(1)	and	(2)	as;pa	=	CaRT	(a)pb	=	CbRT	(b)pc	=	CcRT	(c)pd	=	CdRT	(d)Now,	putting	values	of	equations	(a),	(b),
(c),	and	(d)	in	equation	(2):kp	=	\[\frac{(CcRT)^{c}.(CdRT)^{d}}{(CaRT)^{a}.(CbRT)^{a}}\]=	\[\frac{CC^{c}.CD^{d}.(RT)^{c+d}}{CA^{a}.CB^{b}.(RT)^{a+b}}\]=	\[\frac{CC^{c}.CD^{d}}{CA^{a}.CB^{b}}(RT)^{(c+d)-(a+b)}\]=	kc	\[(RT)^{\Delta	n}\]Where	kc	=\[\frac{CC^{c}.CD^{d}}{CA^{a}.CB^{b}}\]from	equation	(2),	andn	=	(c
+	d)	-	(a	+	b)=	No.	of	moles	of	products	-	No.	of	moles	of	reactants=	Change	in	the	number	of	molesHence,kp	=	kc	\[(RT)^{\Delta	n}\]Where	R	is	the	Universal	Gas	Constant	whose	value	is	0.821	liter-atm	per	degree	kelvin-mole,	andT	=	Temperature	in	degree	Kelvin	(K).Here,	ng	-	Change	in	gaseous	moles	of	reactant	and	the	product.This	is	the
required	expression	that	gives	the	relation	between	the	two	equilibrium	constants.	The	relation	between	kp	and	kc	Pdf	can	be	downloaded.	Depending	on	the	change	in	the	number	of	moles	of	gas	molecules,	Kp	and	Kc	relation	will	be	changing.Case-1:If	ng	=	0,	i.e.,	if	the	change	in	the	number	of	moles	gas	molecules	in	the	equation	is	zero.Then	Kp	=
KcCase-2:If	the	change	in	the	number	of	moles	of	gas	molecules	is	positive,	i.e.,	if	ng	>	0	then,Kp	>	KcCase-3:If	the	change	in	the	number	of	moles	of	gas	molecules	is	negative,	i.e.,	if	ng	<	0	then,Kp	<	KcEquilibrium	Constant	Units	For	the	general	reaction:	aA	+	bB	cC	+	dDkc	=\[\frac{CC^{c}.CD^{d}}{CA^{a}.CB^{b}.}\]	=	\
[\frac{(MolL^{-1})^{c+d}}{Mol	L^{-1})^{a+b}}\]	=	\[(Mol	L^{-1})^{(c+d)-(a+b)}=(Mol	L^{-1})^{\Delta	n}\]So,	the	unit	of	kc	is\[Mol	L^{-1}\],	andkp	=	\[\frac{PC^{c}.PD^{d}}{PA^{a}.CP}\]=	\[\frac{(atm)^{(c+d)}}{(atm)^{(a+b)}}\]=	\[(atm	or	bar)^{(c+d)-(a+d)}	or	(atm	or	bar)^{\Delta	n}\]So,	the	unit	of	kp	=	atm	or	bar.Application	of
Equilibrium	ConstantOne	of	the	applications	of	the	equilibrium	constant	is	to	predict	the	extent	of	reaction.The	magnitude	of	the	equilibrium	constant	gives	an	idea	of	the	relative	amounts	of	the	reactants	and	products.For	example,	consider	the	following	reversible	equation	and	hence	calculate	Kp	and	Kc	and	derive	the	relationship	between	Kp	and
Kc:H2	(g)	+	Br2	(g)	2	HBr(g)	(kp	=	3	x	1019)H2	(g)	+	Cl2	(g)	2	HCl(g)	(kp	=	5	x	1029)Here,	values	of	kp	are	very	high,	i.e.,	reactions	go	almost	to	completion.Another	Example:H2	+	I2	2	HISolution:Given	the	reversible	equation,H2	+	I2	2	HIThe	change	in	the	number	of	moles	of	gas	molecules	for	the	given	equation	is,	n	=	number	of	moles	of	product
-	number	of	moles	of	reactant	n	=	2	-	2	=	0Therefore,	Kp	=	KcThen,	Kp	and	Kc	of	the	equation	is	calculated	as	follows,\[kc=	\frac{HI^{2}}{H^{2}I^{2}}\]Solved	Examples	on	Kp	and	KcExample	1:	For	the	reaction,N2O4(g)	2	NO2(g)The	concentration	of	the	equilibrium	mixture	at	293	K	of	N2O4	is	5	x	10-8mol/L,	and	of	NO2	is	2	x	10-6mol/L.	Find
the	value	of	the	equilibrium	constant.Applying	the	formula,	k	=\[\frac{[NO]^{2}}{[N2O4]}\]Taking	the	concentrations	w.r.t.	standard	state	concentration	of	1	mol/L:k	=\[\frac{(2x10^{-6})^{2}}{5x10^{-8}}=8x10^{-5}\]Example	2:	For	the	reaction,N2	(g)	+	3H2	(g)	2	NH3(g)If	pN2	=	0.30	atm,	pH2	=	0.20	atm,	and	pNH3	=	0.40	atm,	then	what	is
the	value	of	kp?Using	the	formula,	kp	=\[\frac{pNH3^{2}}{pN2.pN2^{2}}\]=\[\frac{(0.4)^{2}}{(0.3).(0.2)^{2}}\]=	13.3	atm	We	mentioned	in	the	previous	post	that	the	equilibrium-constant	expression	can	be	formulated	in	terms	of	partial	pressures	when	the	reactants	and	products	in	a	chemical	reaction	are	gases.For	example,	when	the
equilibrium	constant	of	the	reaction	between	sulfur	dioxide	and	oxygen,	can	be	expressed	based	on	the	molar	concentrations	(Kc)	or	the	partial	pressures	(Kp):	2SO2(g)	+	O2(g)	2SO3(g)	\[{K_c}	=	\frac{{{{\left[	{{\rm{S}}{{\rm{O}}_{\rm{3}}}}	\right]}^2}}}{{{{\left[	{{\rm{S}}{{\rm{O}}_{\rm{2}}}}	\right]}^2}\left[	{{{\rm{O}}_{\rm{2}}}}
\right]}}\]\[{K_p}	=	\frac{{{P^2}_{{\rm{S}}{{\rm{O}}_{\rm{3}}}}}}{{{P^{\rm{2}}}{{_{{\rm{SO}}}}_{_2}}{P_{{{\rm{O}}_{\rm{2}}}}}}}\]	Where	PSO3,	PSO2,	and	PO2	are	the	partial	pressure	of	the	reaction	components.The	subscript	p	on	K	is	used	to	point	out	that	the	equilibrium	constant	Kp	is	defined	using	partial	pressures.For	a
general	reaction	of	gases,	the	equilibrium	constant	Kp	can	be	represented	as:	aA	+	bB	cC	+	dDLets	see	an	example	of	calculating	Kp.	Although	the	values	of	Kp	and	Kc	are	generally	different,	it	is	possible	to	calculate	one	from	the	other	using	the	ideal	gas	law	equation.	The	idea	is	to	rearrange	the	ideal	gas	law	equation	to	get	an	expression	for	the
partial	pressure	of	each	gas	and	use	in	the	equation	of	Kp.	PV	=	nRT,	so	for	P,	we	can	write:\[P\;	=	\;\frac{n}{V}RT\]	Remember	that	n/V	is	the	molarity,	so	the	partial	pressure	of	gas	A	is	equal	to:	\[{P_A}\;	=	\;\frac{{{n_A}}}{V}RT\;	=	\,\left[	{\rm{A}}	\right]RT\]	The	equivalent	expression	for	the	partial	pressure	of	each	gas	is	then	entered	in	the
equation	of	Kp:	This	expression	is	then	simplified	by	separating	the	terms	of	concentration	and	RT:	And	now	the	cool	part;	Notice	that	the	term	in	brackets	on	the	left	side	is	equal	to	Kc,	so	we	can	further	simplify	this	expression:	Lets	put	this	as	separate	formula	correlating	Kp	and	Kc	since	you	are	going	to	use	it	quite	often	when	solving	equilibrium
problems:aA	+	bB	cC	+	dD	The	quantity	n	is	the	number	of	moles	of	gaseous	products	minus	the	number	of	moles	of	gaseous	reactants.n	=	(c	+	d)	(a	+	b)	R	is	the	gas	constant,	0.08206	(L	atm)/	(K	mol)	,	and	T	is	the	absolute	temperature	in	Kelvins.	When	the	number	of	products	and	reactant	molecules	is	equal,	then	Kc	=	Kp	because	Kp
=K(RT)0=K.For	example,	suppose	the	Kc	of	the	reaction	between	hydrogen	and	bromine	gases	is	5.20	x	1018.	H2(g)	+	B2(g)	2HBr(g)Kc	=	5.20	x	1018	Determine	the	Kp	of	this	reaction.	Solution:	Kp	=K(RT)0=K	=5.20	x	1018	The	expression	of	Kp	changes	with	the	chemical	equation	just	like	we	saw	it	for	Kc.	Kp	for	the	reverse	reactionThe	following
reaction	has	an	equilibrium	constant	ofKp	=	4.42	x	10-5at	298	K:	CH3OH(g)	CO(g)	+	2H2(g)	Calculate	the	equilibrium	constant	for	this	process	if	the	reaction	is	represented	as	follows:	CO(g)	+	2H2(g)	CH3OH(g)	Remember,	when	a	reaction	isreversed,	thenKnew	=	1/Koriginal.Therefore,Knew	=	1/Koriginal=	1/4.42	x	10-5=	22,624.43	=	2.26	x	104	Kp
When	the	Coefficients	are	ChangedBased	on	the	Kp	value	given	above,	what	is	the	Kp	for	the	following	reaction?	2CH3OH(g)	2CO(g)	+	4H2(g)	Comparing	this	equation	to	the	original,	we	see	that	it	ismultiplied	by	2.	Remember	when	the	coefficients	in	the	equation	are	multiplied	by	any	factor,	we	raise	the	equilibrium	constant	to	the	same	factor.
Therefore,	Knew	=	(Koriginal)n=	(4.42	x	10-5)2=	1.96	x	10-9	1.	Consider	the	following	reactions:1)	H2(g)	+	I2(g)	2HI(g)2)	H2(g)	+	I2(s)	2HI(g)In	which	reaction	are	theKandKp	equal?	2.	At	300	K,	the	equilibrium	concentrations	for	the	following	reaction	are	[CH3OH]	=	0.240M,	[CO]	=	0.350M,	and	[H2]	=	1.65Mfor	the	reactionCH3OH(g)	CO(g)	+
2H2(g)CalculateKp	at	this	temperature.	3.	Given	the	equilibrium	constant,	calculateKp	for	each	of	the	following	reactions	at	298	K.	a)	N2O4(g)	2NO2(g)Kc	=	4.6	x	10-4b)	3H2(g)	+	N2(g)	2NH3(g)Kc	=	6.7	x	109c)	H2(g)	+	B2(g)	2HBr(g)Kc	=	5.20	x	1018	4.	CalculateKc	for	each	reaction.a)	CO(g)	+	Cl2(g)	COCl2(g)Kp	=	5.3	x	106b)	CH4(g)	+	H2O(g)
CO(g)	+	3H2(g)Kp	=	7.7	x	108c)	2SO2(g)	+	O2(g)	2SO3(g)Kp	=	6.26	x	105	Kp	and	Kc	are	equilibrium	constants	that	relate	the	concentrations	of	reactants	and	products	in	a	chemical	reaction.	Kc	is	the	concentration	equilibrium	constant,	while	Kp	is	the	partial	pressure	equilibrium	constant.	Both	Kc	and	Kp	can	be	used	to	determine	the	equilibrium
position	of	a	reaction.	However,	there	is	a	simple	relationship	between	Kc	and	Kp,	which	is	Kp	=	Kc	*	(RT)^n.	Here,	R	is	the	ideal	gas	constant,	T	is	the	temperature	in	Kelvin,	and	n	is	the	stoichiometric	change	in	the	number	of	moles	of	gas	in	the	reaction.How	KC	and	Kp	Relate	to	Each	otherThe	equilibrium	constant,	often	denoted	as	K,	can	be
expressed	in	two	forms:	Kc	and	Kp.	Kc	is	the	equilibrium	constant	expressed	in	terms	of	concentrations,	while	Kp	is	the	equilibrium	constant	expressed	in	terms	of	partial	pressures.Relationship	between	Kc	and	KpThe	relationship	between	Kc	and	Kp	depends	on	the	number	of	gaseous	reactants	and	products	in	the	reaction.	For	reactions	involving
ideal	gases	at	constant	temperature,	the	relationship	can	be	expressed	as:Kp	=	Kc	(RT)^nwhere:Kp	is	the	equilibrium	constant	in	terms	of	partial	pressuresKc	is	the	equilibrium	constant	in	terms	of	concentrationsR	is	the	ideal	gas	constant	(0.0821	Latm/(molK))T	is	the	temperature	in	Kelvinn	is	the	change	in	the	number	of	moles	of	gas	between
reactants	and	productsCalculating	Kp	from	KcTo	calculate	Kp	from	Kc,	you	need	to	know	the	change	in	the	number	of	moles	of	gas	(n)	and	the	temperature	(T).	The	following	steps	summarize	the	process:Write	the	balanced	chemical	equation	and	identify	the	number	of	moles	of	gas	on	the	reactant	and	product	sides.Calculate	n	by	subtracting	the
number	of	moles	of	gas	on	the	reactant	side	from	the	number	on	the	product	side.Convert	the	temperature	to	Kelvin.Use	the	formula	Kp	=	Kc	(RT)^n	to	calculate	Kp.Table	Summarizing	the	Relationship	between	Kc	and	KpThe	following	table	summarizes	the	relationship	between	Kc	and	Kp	for	different	types	of	reactions:Reaction	TypenKp/KcNo
gases01Equal	number	of	gas	molecules	on	both	sides01More	gas	molecules	on	product	sidePositiveGreater	than	1More	gas	molecules	on	reactant	sideNegativeLess	than	1Question	1:	Is	Kc	the	reverse	of	Kp?	Answer:	Yes,	Kc	and	Kp	are	related	by	the	following	equation:	Kc	=	Kp(RT)^n,	where	n	is	the	change	in	the	number	of	moles	of	gas	between
reactants	and	productsQuestion	2:	What	is	the	relationship	between	Kc	and	Kp?Answer:	Kc	is	the	equilibrium	constant	expressed	in	terms	of	concentrations,	while	Kp	is	the	equilibrium	constant	expressed	in	terms	of	partial	pressures.Question	3:	How	does	temperature	affect	the	relationship	between	Kc	and	Kp?Answer:	Temperature	affects	the
relationship	between	Kc	and	Kp	according	to	the	equation:	G	=	-RTlnKp,	where	G	is	the	change	in	Gibbs	free	energy,	R	is	the	gas	constant,	and	T	is	the	temperature.Well,	there	you	have	itKC	and	Kp	are	two	sides	of	the	same	mathematical	coin.	Theyre	like	the	yin	and	yang	of	concentrations:	KC	measures	the	equilibrium	constant	for	products,	while
Kp	focuses	on	partial	pressures.	Hopefully,	this	little	crash	course	has	cleared	up	any	confusion.	Thanks	for	sticking	with	me	till	the	end,	folks!	Be	sure	to	drop	by	again	sometimeIm	always	up	for	a	good	chat	about	chemistry.	1.	What	is	the	relationship	between	Kp	and	Kc?Kp	and	Kc	are	equilibrium	constants	related	to	gas-phase	reactions.	Kp	is	the
equilibrium	constant	in	terms	of	partial	pressures,	while	Kc	is	in	terms	of	concentrations.	They	are	related	by	the	equation	Kp	=	Kc(RT)^n,	where	R	is	the	gas	constant,	T	is	temperature	in	Kelvin,	and	n	is	the	change	in	the	number	of	moles	of	gas	from	reactants	to	products.2.	Why	do	we	need	both	Kp	and	Kc?We	use	both	Kp	and	Kc	because	some
reactions	are	more	conveniently	expressed	in	terms	of	pressure	(Kp),	while	others	are	better	described	using	concentration	(Kc).	Kp	is	often	used	for	gas-phase	reactions,	while	Kc	is	more	common	for	reactions	in	solution	or	involving	solids	and	liquids.3.	When	are	Kp	and	Kc	equal?Kp	and	Kc	are	equal	when	there	is	no	change	in	the	number	of	moles
of	gas	from	reactants	to	products	(n	=	0).	This	occurs	in	reactions	where	the	number	of	gaseous	molecules	on	both	sides	of	the	equation	is	the	same.4.	How	does	temperature	affect	the	relationship	between	Kp	and	Kc?Temperature	directly	affects	the	relationship	between	Kp	and	Kc	through	the	equation	Kp	=	Kc(RT)^n.	As	temperature	increases,	the
value	of	RT	increases,	potentially	changing	the	relationship	between	Kp	and	Kc	if	n	is	not	zero.5.	What	does	n	represent	in	the	Kp-Kc	relationship?n	represents	the	change	in	the	number	of	moles	of	gas	from	reactants	to	products.	It	is	calculated	by	subtracting	the	number	of	moles	of	gaseous	reactants	from	the	number	of	moles	of	gaseous	products	in
the	balanced	chemical	equation.6.	Can	Kp	be	less	than	Kc?Yes,	Kp	can	be	less	than	Kc	when	n	is	negative,	meaning	there	are	fewer	moles	of	gas	on	the	product	side	than	on	the	reactant	side.	In	this	case,	(RT)^n	will	be	less	than	1,	making	Kp	smaller	than	Kc.7.	How	do	you	convert	Kp	to	Kc?To	convert	Kp	to	Kc,	use	the	equation	Kc	=	Kp	/	(RT)^n.	You
need	to	know	the	temperature	(T)	and	the	change	in	the	number	of	moles	of	gas	(n)	for	the	reaction.8.	Why	is	the	unit	of	R	important	in	the	Kp-Kc	relationship?The	unit	of	R	is	crucial	because	it	must	be	consistent	with	the	units	used	for	pressure	and	concentration.	Typically,	R	is	expressed	in	Latm/(molK)	when	working	with	standard	conditions,
ensuring	dimensional	consistency	in	the	equation	Kp	=	Kc(RT)^n.9.	How	does	the	Kp-Kc	relationship	change	for	reactions	involving	only	solids	and	liquids?For	reactions	involving	only	solids	and	liquids,	n	=	0	because	there	are	no	gaseous	species.	In	this	case,	Kp	=	Kc,	regardless	of	temperature	or	pressure.10.	What	happens	to	the	Kp-Kc	relationship
in	very	high-pressure	systems?In	very	high-pressure	systems,	the	ideal	gas	law	assumptions	break	down,	and	the	simple	Kp-Kc	relationship	may	no	longer	hold.	More	complex	equations	of	state	are	needed	to	accurately	describe	the	system	behavior.11.	How	does	the	presence	of	a	catalyst	affect	the	Kp-Kc	relationship?A	catalyst	does	not	affect	the	Kp-
Kc	relationship.	Catalysts	speed	up	the	rate	at	which	equilibrium	is	reached	but	do	not	change	the	equilibrium	position	or	the	values	of	Kp	and	Kc.12.	Can	you	have	a	Kp	value	but	no	corresponding	Kc	value?Yes,	this	can	occur	in	reactions	where	all	species	are	gases	and	concentrations	are	difficult	to	measure	or	define.	In	such	cases,	it's	more
practical	to	work	with	partial	pressures	and	Kp.13.	How	does	the	magnitude	of	Kp	compare	to	Kc	when	n	is	positive?When	n	is	positive	(more	moles	of	gas	in	products	than	reactants),	Kp	will	be	greater	than	Kc.	This	is	because	(RT)^n	will	be	greater	than	1,	making	Kp	larger	than	Kc	in	the	equation	Kp	=	Kc(RT)^n.14.	Why	is	it	important	to	specify
standard	conditions	when	discussing	Kp	and	Kc?Standard	conditions	(typically	1	atm	pressure	and	25C)	are	important	because	equilibrium	constants	depend	on	temperature.	Specifying	standard	conditions	ensures	that	values	can	be	compared	across	different	sources	and	experiments.15.	How	does	the	Kp-Kc	relationship	help	in	understanding	Le
Chatelier's	principle?The	Kp-Kc	relationship	helps	illustrate	how	pressure	changes	affect	equilibrium.	For	reactions	where	n	0,	changing	pressure	will	shift	the	equilibrium,	which	is	reflected	in	the	different	responses	of	Kp	and	Kc	to	these	changes.16.	Can	Kp	and	Kc	have	different	units?Yes,	Kp	and	Kc	often	have	different	units.	Kp	is	typically	unitless
(assuming	pressures	are	in	atm),	while	Kc	usually	has	units	related	to	concentration	(e.g.,	mol/L)	raised	to	some	power,	depending	on	the	reaction	stoichiometry.17.	How	does	the	ideal	gas	law	relate	to	the	Kp-Kc	relationship?The	ideal	gas	law	(PV	=	nRT)	is	fundamental	to	deriving	the	Kp-Kc	relationship.	It	allows	us	to	relate	pressure	to	concentration
through	the	equation	P	=	CRT,	which	is	the	basis	for	the	Kp	=	Kc(RT)^n	relationship.18.	What	role	does	the	gas	constant	R	play	in	the	Kp-Kc	equation?The	gas	constant	R	serves	as	a	proportionality	factor	in	the	Kp-Kc	relationship.	It	ensures	that	the	units	are	consistent	and	allows	for	the	conversion	between	pressure	and	concentration-based
equilibrium	constants.19.	How	would	you	experimentally	determine	both	Kp	and	Kc	for	a	reaction?To	determine	Kp,	you	would	measure	the	partial	pressures	of	gases	at	equilibrium.	For	Kc,	you'd	measure	equilibrium	concentrations.	You	could	then	use	the	Kp-Kc	relationship	to	verify	your	results	or	calculate	one	constant	from	the	other.20.	Why	is	n
always	an	integer	in	the	Kp-Kc	relationship?n	is	always	an	integer	because	it	represents	the	change	in	the	number	of	moles	of	gas	molecules,	which	must	be	a	whole	number	in	a	balanced	chemical	equation.21.	How	does	the	Kp-Kc	relationship	apply	to	heterogeneous	equilibria?In	heterogeneous	equilibria,	only	gaseous	species	are	considered	in	the
Kp-Kc	relationship.	Solids	and	pure	liquids	do	not	contribute	to	n	or	appear	in	the	equilibrium	constant	expressions.22.	Can	you	use	the	Kp-Kc	relationship	for	non-ideal	gases?The	Kp-Kc	relationship	as	typically	presented	assumes	ideal	gas	behavior.	For	non-ideal	gases,	you	would	need	to	use	fugacity	instead	of	pressure	and	activity	coefficients
instead	of	concentrations,	leading	to	a	more	complex	relationship.23.	How	does	the	Kp-Kc	relationship	change	with	altitude?The	Kp-Kc	relationship	itself	doesn't	change	with	altitude,	but	the	values	of	Kp	and	Kc	might	change	due	to	different	atmospheric	pressures	and	temperatures	at	different	altitudes,	affecting	the	equilibrium	position.24.	Why	is	it
sometimes	easier	to	measure	Kp	than	Kc	for	gas-phase	reactions?For	gas-phase	reactions,	measuring	pressure	is	often	simpler	and	more	direct	than	measuring	concentration,	especially	at	high	temperatures	or	in	closed	systems.	This	makes	Kp	more	convenient	to	determine	experimentally	in	many	cases.25.	How	does	the	Kp-Kc	relationship	help	in
understanding	the	effect	of	adding	an	inert	gas	to	an	equilibrium	system?The	Kp-Kc	relationship	helps	explain	why	adding	an	inert	gas	at	constant	volume	doesn't	affect	the	equilibrium	position.	While	total	pressure	increases,	partial	pressures	(and	thus	Kp)	remain	constant,	consistent	with	no	change	in	Kc.26.	Can	the	Kp-Kc	relationship	be	used	for
reactions	in	solution?The	Kp-Kc	relationship	is	primarily	used	for	gas-phase	reactions.	For	reactions	in	solution,	we	typically	work	with	Kc	or	other	concentration-based	equilibrium	constants,	as	pressure	is	less	relevant	in	liquid	systems.27.	How	does	the	Kp-Kc	relationship	relate	to	the	concept	of	fugacity	in	non-ideal	gases?For	non-ideal	gases,
fugacity	(f)	replaces	pressure	(P)	in	equilibrium	calculations.	The	relationship	becomes	Kf	=	Kc(RT)^n,	where	Kf	is	the	equilibrium	constant	in	terms	of	fugacities.	This	allows	the	relationship	to	be	extended	to	non-ideal	conditions.28.	Why	doesn't	the	Kp-Kc	relationship	depend	on	the	stoichiometric	coefficients	of	a	reaction?The	Kp-Kc	relationship
depends	only	on	n,	which	is	the	change	in	total	moles	of	gas.	Stoichiometric	coefficients	affect	the	form	of	Kp	and	Kc	individually,	but	their	ratio	(and	thus	the	relationship	between	them)	depends	only	on	the	net	change	in	gas	moles.29.	How	does	the	Kp-Kc	relationship	help	in	understanding	the	effect	of	pressure	on	equilibrium	yield?The	Kp-Kc
relationship	shows	that	for	reactions	where	n	0,	changing	pressure	will	affect	the	equilibrium	position.	If	n	>	0,	increasing	pressure	will	favor	the	reverse	reaction	(decreasing	yield),	while	if	n	<	0,	increasing	pressure	will	favor	the	forward	reaction	(increasing	yield).30.	Can	you	use	the	Kp-Kc	relationship	to	predict	the	direction	of	a	reaction?The	Kp-
Kc	relationship	itself	doesn't	predict	reaction	direction,	but	knowing	both	Kp	and	Kc	can	help.	If	the	reaction	quotient	Q	is	less	than	K,	the	reaction	will	proceed	forward;	if	Q	is	greater	than	K,	it	will	proceed	in	reverse.31.	How	does	the	Kp-Kc	relationship	apply	to	reactions	with	fractional	stoichiometric	coefficients?The	Kp-Kc	relationship	applies	the
same	way	for	reactions	with	fractional	coefficients.	n	is	still	calculated	as	the	difference	between	the	sum	of	gaseous	product	coefficients	and	the	sum	of	gaseous	reactant	coefficients,	which	may	result	in	a	fractional	n.32.	Why	is	it	important	to	use	the	same	temperature	when	comparing	Kp	and	Kc	values?Temperature	affects	both	Kp	and	Kc
individually	and	their	relationship	through	the	RT	term.	Using	the	same	temperature	ensures	that	you're	comparing	equilibrium	constants	under	the	same	conditions,	allowing	for	meaningful	comparisons	and	calculations.33.	How	does	the	Kp-Kc	relationship	help	in	understanding	the	concept	of	partial	pressure?The	Kp-Kc	relationship	reinforces	the
concept	of	partial	pressure	by	showing	how	the	pressure-based	equilibrium	constant	(Kp)	relates	to	the	concentration-based	constant	(Kc).	It	illustrates	that	partial	pressures,	like	concentrations,	are	measures	of	the	amount	of	a	gas	in	a	mixture.34.	Can	the	Kp-Kc	relationship	be	used	to	calculate	the	equilibrium	composition	of	a	gas	mixture?Yes,	if
you	know	either	Kp	or	Kc	and	the	initial	composition	of	the	gas	mixture,	you	can	use	the	Kp-Kc	relationship	along	with	the	equilibrium	constant	expression	to	calculate	the	equilibrium	composition	of	the	gas	mixture.35.	How	does	the	Kp-Kc	relationship	relate	to	the	van	't	Hoff	equation?While	the	Kp-Kc	relationship	relates	pressure	and	concentration-
based	equilibrium	constants,	the	van	't	Hoff	equation	describes	how	these	constants	change	with	temperature.	Both	are	important	for	understanding	equilibrium	behavior	under	different	conditions.36.	Why	is	it	necessary	to	specify	the	phase	of	each	species	when	using	the	Kp-Kc	relationship?Specifying	the	phase	is	crucial	because	only	gaseous
species	contribute	to	n	in	the	Kp-Kc	relationship.	Solids	and	liquids	are	typically	omitted	from	Kp	and	Kc	expressions,	so	knowing	the	phase	helps	in	correctly	applying	the	relationship.37.	How	does	the	Kp-Kc	relationship	help	in	understanding	the	concept	of	standard	state	in	thermodynamics?The	Kp-Kc	relationship	uses	standard	conditions	(often	1
atm	and	25C)	as	a	reference	point.	This	reinforces	the	concept	of	standard	state	in	thermodynamics,	where	properties	are	measured	or	calculated	under	specific,	defined	conditions	for	consistency	and	comparison.38.	Can	the	Kp-Kc	relationship	be	used	for	reactions	at	extremely	high	temperatures?The	basic	Kp-Kc	relationship	can	be	used	at	high
temperatures,	but	caution	is	needed.	At	extremely	high	temperatures,	gases	may	deviate	significantly	from	ideal	behavior,	and	other	factors	like	dissociation	or	ionization	may	come	into	play,	potentially	complicating	the	relationship.39.	How	does	the	Kp-Kc	relationship	relate	to	the	concept	of	chemical	potential?While	not	directly	related,	both	the	Kp-
Kc	relationship	and	chemical	potential	are	important	in	understanding	equilibrium.	The	relationship	between	Kp	and	Kc	reflects	how	the	system	responds	to	changes	in	pressure	and	concentration,	which	are	related	to	changes	in	chemical	potential.40.	Why	is	it	important	to	consider	significant	figures	when	using	the	Kp-Kc	relationship?Significant
figures	are	important	in	the	Kp-Kc	relationship	to	maintain	the	precision	of	your	calculations.	The	number	of	significant	figures	in	your	result	should	reflect	the	precision	of	your	input	values	for	Kp	or	Kc,	temperature,	and	n.	We	can	derive	a	value	for	the	equilibrium	constant	in	a	gaseous	equilibrium	system	either	using	partial	pressures,	Kp,	or
concentrations	,Kc,	which	means	the	two	must	be	related.	N2O4(g)	2NO2(g)	The	number	of	moles	of	a	gas	can	be	calculated	in	two	ways:	Number	of	moles	=	concentration	x	volume	nNO2	=	[NO2(g)]	x	V	nN2O4	=	[N2O4(g)]	x	V	Using	the	ideal	gas	equation	(PV	=	nRT)	PNO2	V	=	nNO2	RT	PN2O4	V	=	nN2O4	RT	We	can	combine	these	two	methods
for	each	gas:	PNO2	V	=	[NO2(g)]	x	V	x	RT	PN2O4	V	=	[N2O4(g)]	x	V	x	RT	In	each	equation,	the	volume,	V,	cancels	out	on	each	side.	PNO2	=	[NO2(g)]	x	RT	PN2O4	=	[N2O4(g)]	x	RT	The	equilibrium	expressions,	Kp	and	Kc,	for	this	system	are:	But	we	could	also	write	the	gaseous	equilibrium	expression	as:	Which	leaves	us	with	Picture	youre
navigating	the	intriguing	realm	of	chemical	equilibrium,	where	reactions	unfold	like	a	delicate	dance.	Two	key	players	often	steal	the	spotlightKc	and	Kp.	At	first	glance,	they	might	seem	interchangeable,	but	their	differences	hold	the	secrets	to	understanding	how	reactions	behave	under	varying	conditions.	why	some	equations	rely	on	concentration
while	others	lean	on	pressure?	Kc	and	Kp	are	more	than	just	symbols;	theyre	windows	into	how	gases	and	solutions	interact	in	equilibrium.	Grasping	their	distinctions	not	only	sharpens	your	chemistry	skills	but	also	deepens	your	appreciation	for	the	intricate	balance	of	natures	processes.	Kc	and	Kp	are	equilibrium	constants	used	to	describe	the
balance	of	reversible	chemical	reactions.	While	both	measure	the	extent	of	a	reaction,	their	definitions	depend	on	different	variables.	Kc	represents	the	equilibrium	constant	expressed	in	terms	of	molar	concentrations	(mol/L).	Its	calculated	using	the	ratio	of	product	concentrations	to	reactant	concentrations,	each	raised	to	their	respective
stoichiometric	coefficients.	For	example,	in	a	reaction	like:aA	+	bB	cC	+	dD,the	formula	for	Kc	is:Kc	=	[C]^c	[D]^d	/	[A]^a	[B]^bThis	expression	applies	only	if	all	species	involved	are	gases	or	solutes	dissolved	in	liquids.	Kp	refers	to	the	equilibrium	constant	based	on	partial	pressures	(atm)	for	gaseous	reactions.	The	equation	mirrors	that	of	Kc	but
uses	partial	pressures	instead:	Here,	P_X	denotes	the	partial	pressure	of	substance	X.	For	instance,	in	a	system	where	2NO(g)	NO(g),	you	calculate	Kp	as:Kp	=	P_NO	/	(P_NO)^2The	relationship	between	Kc	and	Kp	depends	on	temperature	and	gas	behavior	via	this	formula:	Kp	=	Kc(RT)^(n)	where	n	is	moles	change;	R	is	ideal	gas	constant;	T	is
temperature	in	Kelvin.	Kc	and	Kp	are	equilibrium	constants	used	in	different	contexts	of	chemical	reactions.	While	both	measure	the	state	of	equilibrium,	their	differences	lie	in	their	definitions,	units,	and	relationships	with	gas	laws.	Kc	uses	molar	concentrations	to	express	equilibrium.	Its	calculated	as	the	ratio	of	the	concentration	of	products	to
reactants,	raised	to	their	stoichiometric	coefficients.	For	example,	in	the	reaction	aA	+	bB	cC	+	dD,	Kc	=	[C]^c	[D]^d	/	[A]^a	[B]^b.Kp	relies	on	partial	pressures	for	gaseous	species.	Its	formula	mirrors	that	of	Kc	but	substitutes	concentrations	with	partial	pressures:	Kp	=	(P_C)^c	(P_D)^d	/	(P_A)^a	(P_B)^b.	Units	for	Kc	vary	based	on	the	number	of
moles	involved	in	a	reaction.	For	instance,	when	product	moles	equal	reactant	moles,	its	unit	is	dimensionless;	otherwise,	its	expressed	as	M^(n),	where	n	is	the	difference	between	product	and	reactant	stoichiometric	coefficients.Kps	units	depend	on	pressure	terms	like	atm	or	Pa.	If	n	equals	zero,	similar	to	Kc	under	such	conditions,	it	becomes
unitless;	otherwise,	units	reflect	pressure	raised	to	n.	The	relationship	between	Kc	and	Kp	arises	from	the	ideal	gas	law:	PV	=	nRT.	You	can	use	this	law	to	derive	how	these	constants	connect	through	temperature	and	n:Kp	=	Kc(RT)^n,	where	R	is	0.0821	Latm/molK	or	other	appropriate	values	based	on	chosen	pressure	units.When	dealing	with	non-
gaseous	species	or	reactions	where	only	solids/liquids	are	present	at	equilibrium,	this	relation	doesnt	apply	since	neither	constant	involves	gases	directly.	Kc	and	Kp	are	utilized	in	different	scenarios	based	on	the	physical	states	of	reactants	and	products.	Their	application	depends	primarily	on	whether	a	reaction	occurs	in	homogeneous	or
heterogeneous	systems.	Kc	applies	to	reactions	where	all	participants	are	in	the	same	phase,	typically	liquid	or	gaseous	states.	In	such	systems,	molar	concentrations	provide	an	accurate	representation	of	equilibrium.	For	example,	consider	the	synthesis	of	ammonia:N(g)	+	3H(g)	2NH(g)Here,	Kc	is	calculated	using	the	molar	concentrations	of	N,	H,
and	NH	at	equilibrium.	This	approach	ensures	consistent	results	for	reactions	entirely	within	one	phase.In	gaseous	homogeneous	equilibria,	you	also	use	Kp	if	partial	pressures	better	represent	reactant/product	quantities.	For	instance:CO(g)	+	Cl(g)	COCl(g)Partial	pressures	play	a	pivotal	role	when	gases	dominate	reactant-product	interactions	at
varying	volumes	or	temperatures.	Heterogeneous	equilibria	involve	multiple	phases	like	solids	interacting	with	gases	or	liquids.	Use	Kc	to	describe	these	systems	when	concentration	terms	apply	uniformly	across	participating	substances.	For	example:CaCO(s)	CaO(s)	+	CO(g)In	this	decomposition	reaction,	only	COs	concentration	contributes	directly
to	Kc	because	solids	have	constant	activity	values.For	gas-involving	heterogeneous	reactions	under	non-standard	conditions	(e.g.,	high	pressure),	applying	Kp	provides	practical	insights	into	partial-pressure	dynamics	while	excluding	solids/liquids	from	calculations	due	to	their	negligible	compressibility	effects.	Several	factors	influence	the	values	of
equilibrium	constants	Kc	and	Kp,	primarily	temperature	and	pressure	variations.	These	changes	alter	the	equilibrium	position,	impacting	chemical	reactions	differently	depending	on	their	nature.	Temperature	directly	affects	both	Kc	and	Kp	by	shifting	the	equilibrium	state	of	a	reaction.	For	endothermic	reactions	(absorbing	heat),	increasing
temperature	raises	the	value	of	these	constants	as	products	become	more	favored.	Conversely,	in	exothermic	reactions	(releasing	heat),	higher	temperatures	decrease	their	values	because	reactants	are	favored.For	instance,	consider	the	synthesis	of	ammonia	(N	+	3H	2NH).	If	this	exothermic	process	occurs	at	elevated	temperatures,	youll	observe	a
drop	in	both	Kc	and	Kp	since	the	system	favors	decomposition	to	counteract	added	heat.	This	relationship	aligns	with	Le	Chateliers	Principle	that	predicts	how	equilibria	respond	to	external	changes.	Pressure	impacts	only	gaseous	systems	where	partial	pressures	dictate	reaction	dynamics;	so,	it	directly	relates	to	Kp	while	leaving	Kc	unaffected	unless
concentration	shifts	occur.	In	reactions	involving	unequal	moles	of	gaseous	reactants	and	products,	pressure	alterations	shift	equilibrium	positions	due	to	volume	constraints.Take	hydrogen	iodide	dissociation	(2HI	H	+	I)	as	an	example.	An	increase	in	pressure	favors	fewer	gas	moleculeshere,	HI	formationshifting	equilibrium	towards	reactants.	But,	if
n	equals	zero	(like	N	+	O	2NO),	no	effect	arises	from	pressure	changes	on	either	constant	since	mole	numbers	remain	unchanged.	Consider	the	reaction:N(g)	+	3H(g)	2NH(g)Suppose	at	equilibrium,	the	concentrations	are	as	follows:	[N]	=	0.5	M,	[H]	=	0.8	M,	and	[NH]	=	1.2	M.	Calculate	Kc	using	the	formula:Kc	=	([NH])	/	([N][H])Substitute	the
values	into	the	equation:Kc	=	(1.2)	/	(0.5	0.8)Simplify	to	get:Kc	9.375This	value	indicates	the	extent	to	which	ammonia	is	formed	under	these	conditions.	For	the	same	reaction,	lets	calculate	Kp	if	partial	pressures	at	equilibrium	are	P(N)	=	1	atm,	P(H)	=	3	atm,	and	P(NH)	=	4	atm.	Use	the	formula	for	Kp:Kp	=	(P(NH))	/	(P(N)(P(H)))Substitute	these
partial	pressures:Kp	=	(4)	/	(1	3)Simplify	to	find:Kp	64/27	or	approximately	2.37	atm.This	shows	how	partial	pressures	influence	equilibrium	in	a	gaseous	system.	Now	calculate	their	relationship	using	Kp	=	Kc(RT)^n,	where	n	is	the	change	in	moles	of	gas	between	products	and	reactants.For	this	reaction,	n	=	moles	of	products	moles	of	reactants	n	=
(2	[1+3])	n	=	-2.Let	R	be	0.0821	Latm/(molK)	and	T	be	298	K.	Using	previously	calculated	values:Kp	Kc(0.0821	298)^(-2).Solve	step-by-step:RT	24.475RT^(-2):	Take	inverse	square	(24.475	)	Combine	results	to	confirm	consistency	between	calculated	constants.	Understanding	the	difference	between	Kc	and	Kp	is	essential	for	mastering	chemical
equilibrium	concepts.	These	constants	provide	valuable	insights	into	how	reactions	behave	under	varying	conditions	of	concentration	and	pressure,	especially	in	reversible	systems.	Recognizing	when	to	apply	each	constant	and	how	factors	like	temperature	and	gas	behavior	influence	them	allows	you	to	approach	equilibrium	problems	with
confidence.By	exploring	their	definitions,	formulas,	relationships,	and	practical	applications,	youve	gained	a	clearer	perspective	on	their	role	in	chemistry.	This	knowledge	not	only	strengthens	your	problem-solving	skills	but	also	deepens	your	appreciation	for	the	intricate	balance	that	governs	chemical	processes.	[Click	Here	for	Sample	Questions]
Consider	a	generalised	reaction	as	follows:	A	+	B	C	+	D	From	the	law	of	mass	action,	the	rate	at	which	A	and	B	react	isdirectly	proportional	to	A	and	B.	Thus	the	rate	of	forward	reaction	=	kf	AB,	where	kf	is	the	velocity	constant	for	the	forward	reaction.	Similarly	if	kb	is	the	rate	constant	for	backward	reaction	then,	the	rate	of	backward	reaction	=
kbCD	At	equilibrium,	rate	of	forward	reaction	is	equal	to	rate	of	backward	reaction	Therefore,kfAB	=	kbCD	Thus,\(\frac{[C][[D]}{[A][B]}	=	\frac{k_f}{k_b}\)	At	constant	temperature,	kf	abd	kb	are	equal,	thus\(\frac{k_f}{k_b}\)=	k	where	k	is	the	equilibrium	constant.	Now	consider	another	generalised	reaction,	aA	+	bB	cC	+	dD	Here,	a	moles	of
reactant	A	reacts	with	b	moles	of	reactant	B	to	give	c	moles	of	reactant	C	and	d	moles	of	reactant	D.	This	can	be	understood	with	an	example:	2A	(g)+	B(g)	2C	(g)	All	reactants	and	product	are	in	gaseous	phase.	To	understand	the	relation	between	Kp	and	Kc,	let	us	first	understand	what	are	Kp	and	Kc.	What	is	Kp?	Kp	is	the	equilibrium	constant
determined	from	the	partial	pressure	of	the	equation	of	a	reaction.	It's	a	mathematical	expression	to	determine	the	relation	between	product	and	reactant	pressures.	Although	it	connects	the	pressures,	it	is	a	unitless	number.	We	can	represent	Kpformula	as:	Kp=\({{P^2_C}\over	P^2_A	P_B}\)	What	is	Kc?	Kc	is	the	equilibrium	constant	for	a
reversible	reaction,	which	depicts	the	ratio	of	the	equilibrium	concentrations	of	products	over	the	concentrations	of	reactants,	where	each	is	raised	to	the	power	of	their	stoichiometric	coefficients.	The	Kc	formula	can	be	represented	as:	Kc	=	\([C]^c[D]^d\over[A]^a[B]^b\)	Derivation	of	Relation	between	Kp	and	Kc	[Click	Here	for	Previous	Year
Questions]	To	derive	the	Kp	and	Kc	relationship,	let	us	suppose	there	is	a	reversible	reaction,	qQ(g)	+	rR(g)	\(\rightleftharpoons\)	sS(g)	+tT(g)	Here,	q	moles	of	reactant	Q	reacts	with	r	moles	of	reactant	R	to	produce	s	moles	of	reactant	Sand	t	moles	of	reactant	T.	To	derive	the	relation	between	Kp	and	Kc	for	a	general	equilibrium	reaction,	we	get	Kc
=	\((S)^s(T)^t	\over(Q)^q(R)^r\)	--------	1)	Now	we	know	that	Kpformula	in	terms	of	partial	pressure	can	be	written	as:	Kp	=	\(P(S)^sP(T)^t	\over	P(Q)^qP(R)^r\)-------	2)	For	an	ideal	gas,	we	have	PV	=	nRT	P	=	(n/V)RT	=CRT	Here,	C	refers	to	the	concentration	Therefore,	Pq	=	[Q]RT	Pr	=	[R]RT	Ps	=	[S]RT	Pt	=	[T]RT	Now,	substituting	the	PQ,	PR,	Ps,
Pt	in	equation	2	We	get,	Kp	=	\(P(S)^sP(T)^t	\over	P(Q)^qP(R)^r\)	=\([S]^s(RT)^s[T]^t	(RT)^t\over	[Q]^q(RT)^q[R]^r(RT)^r\)	=	\([S]^s[T]^t	(RT)^{t+s}\over	[Q]^q[R]^r(RT)^{r+q}\)	=	\({[S]^s[T]^t	\over	[Q]^q[R]^r.}	(RT)^{{(t+s)}	-{(q+r)}}\)	Kp	=	\({[S]^s[T]^t	\over	[Q]^q[R]^r.}	(RT)^{\bigtriangleup	ng}\)	We,	know	that	Kc	=\((S)^s(T)^t
\over(Q)^q(R)^r\)	Therefore	Kp	and	Kc	relation	can	be	denoted	as,	Kp	=	Kc(RT)\(\bigtriangleup	\)n	Where	\(\bigtriangleup\)n	=	no.	of	moles	of	gaseous	products	-	no.	of	moles	of	gaseous	reactants	for	balanced	equations	R	=	0.082062	L.atom.K-1	mol-1	To	derive	the	relation	between	Kp	and	Kc,	when	there	is	no	change	in	the	no.	of	gas	molecules,	n	=
0	Kp	=	Kc	Hence,	generally,	the	relationship	between	Kp	and	Kc	can	be	represented	as:	Kp	=	Kc	(RT)\(\bigtriangleup	\)n	Kc	=	Kp(RT)-\(\bigtriangleup	\)n	Factors	Affecting	Kp	and	Kc	Relation	[Click	Here	for	Sample	Questions]	The	relation	between	Kp	and	Kc	changes	based	on	the	value	of	number	of	moles	of	the	gas	molecules	involved	in	the	reaction.
The	three	possible	scenarios	are	listed	below:	Case	1	When	the	change	in	the	number	of	gas	molecules	is	zero,	i.	e.n	=	0,	then	Kp=	Kc.	Case	2	When	the	change	in	number	ofgas	molecules	is	positive,	i.e.n	>	0,	thenKp>	Kc.	Case	3	If	the	change	in	the	number	of	moles	of	the	gas	molecules	is	negative,	i.e.n	<	0,	thenKp<	Kc.	Equilibrium	Constant	Units
[Click	Here	for	Previous	Year	Questions]	Consider	a	generalised	equation	as	follows:	aA	+	bB	cC	+	dD	Unit	of	Kc	Kc	for	the	above	reaction	can	be	expressed	as:	\(K_c=	\frac{CC^c.CD^d}{CA^a.CB^b}\)	\(=	\frac{(Mol	L^-1)^{c+d}}{(Mol	L^-1)^{a+b}}\)	\(=	(Mol	L^-1)^{\Delta	n}\)	Thus	the	unit	of	Kc=	Mol/L	Unit	of	Kp	Kpfor	the	above	reaction
can	be	expressed	as:	\(K_p=	\frac{PC^c.PD^d}{PA^a.PB^b}\)	\(=	\frac{(atm)^{c+d}}{(atm)^{a+b}}\)	\(=	(atm)^{(c+d)-(a+b)}\)	\(=	(atm)^{\Delta	n}\)	Thus	the	unit	of	Kp	is\(	(atm)^{\Delta	n}\)or\(	(bar)^{\Delta	n}\)	Gas	Equilibrium	Constants	[Click	Here	for	Sample	Questions]	Kpand	Kcare	the	equilibrium	constants	of	gaseous	mixtures.	Kc	is
defined	with	respect	to	molar	concentrations	whereas	Kp	is	defined	with	respect	to	the	partial	pressure	of	gases	that	exist	inside	a	closed	system.	The	ways	to	write	gas	equilibrium	constants	are:	In	the	equilibrium	equations,	the	arrows	point	both	ways	(\(\rightleftharpoons\)	),	left	side	is	associated	with	the	reactants	and	the	right	side	with	the
products.	The	products	are	the	ones	that	lie	onthe	top	of	the	fraction	as	the	numerator.	The	reactants	are	the	ones	that	lie	on	the	bottom	of	the	fraction	as	the	denominator.	The	concentrations	of	the	reactants	and	products	are	always	raised	to	the	coefficient	power	in	the	balanced	chemical	equation.	If	any	of	the	products	or	reactants	are	solids	or
liquids,	their	concentrations	are	denoted	as	one	as	they	are	pure	substances.	Equilibrium	constant,	k,is	the	ratio	of	product	of	molar	concentrations	of	products	and	reactants,	raised	to	thepower	of	its	stoichiometric	coefficients.	Partial	Pressures	of	Gas	Mixtures	Read	More:	Vapor	Pressure	Example:Calculate	KcandKpfor	the	given	reaction	at	295K,	if
the	equilibrium	concentrations	are[N2O4]	=	0.75Mand[NO2]	=	0.062M,	and	R	=	0.08206	L	atm	K1mol1.	Reaction:N2O4(g)	2NO2(g)	Solution:	We	can	get	Kc	asKc	=	\({[NO_2]^2\over[N_2O_4]}	=	{(0.062)^2\over0.75}	=	0.00512	\)	Hence,	Kccan	be	represented	as	5.12	x	10-3	We	know	that	the	Kp	and	Kc	relation	isKp	=	Kc	(RT)\(\bigtriangleup	\)n
Where,	R	represents	the	universal	gas	constant;	T	refers	to	the	temperature	at	which	the	equilibrium	is	maintained	andn	is	the	difference	in	the	number	of	moles	of	products	and	reactants.	n	=	No.	of	moles	of	products	No.	of	moles	of	reactants	Applying	the	above	formula,	we	findn	is	1.	The	universal	gas	constant	and	temperature	of	the	reaction	are
already	given.	Therefore,	we	can	proceed	to	find	theKp	of	the	reaction.	We	know	that	the	relation	between	Kp	and	Kc	is	Kp	=	Kc	(RT)\(\bigtriangleup	\)n	0.00512	(0.08206	295)	Kp	=	0.1239	0.124	Therefore,	theKpof	this	reaction	is1.24	101	Things	to	Remember	[Click	Here	for	Derivation	of	Relation	Between	Kp	and	Kc]	Kp	is	the	equilibrium	constant	in
atmospheric	pressuredetermined	from	the	partial	pressures	of	the	equation	of	a	reaction.	Kc	is	the	equilibrium	constant,	in	molarity,	which	depicts	the	ratio	of	the	equilibrium	concentrations	of	products	over	the	concentrations	of	reactants.	Generally,	the	relation	between	Kp	and	Kc	can	be	represented	as:	Kp	=	Kc	(RT)\(\bigtriangleup	\)n	Kc	=	Kp(RT)-
\(\bigtriangleup	\)n	Read	More:	Ques	1.	What	is	the	relation	between	Kp	and	Kc?	(2	marks)	Ans.	Kp	and	Kc	are	the	equilibrium	constants	of	the	gaseous	mixture	in	a	reversible	reaction,	and	they	are	directly	proportional	to	each	other	as	shown	by	the	equation	Kp	=	Kc	(RT)\(\bigtriangleup	\)n	Ques	2.	How	do	you	tell	the	difference	between	Kp	and	Kc?
(1mark)	Ans.	The	distinction	between	Kp	and	Kc	is	that	Kp	is	the	equilibrium	constant	with	respect	to	atmospheric	pressure,	whereas	Kc	is	the	equilibrium	constant	with	respect	to	the	gaseous	mixture's	molar	concentration.	Ques	3.Let	us	consider	the	decomposition	of	water:	2H2O	(l)	\(\rightleftharpoons\)2H2(g)	+	O2(g)	Assumingthat	initially	there
is	no	oxygen	or	hydrogengas	present.	As	the	reaction	reaches	equilibrium,	the	total	pressure	increases	by	2.10atm.	Determine	the	Kp	for	the	reaction.(5	marks)	Ans.Equation:2H2O	(l)	\(\rightleftharpoons\)	2H2(g)	+	O2(g)	Initial	NA	0	atm	0	atm	Change	NA	+2x	+x	Equilibrium	NA	2x	x	Now,	we	look	at	the	balanced	equation	in	order	to	describe	how
the	partial	pressures	can	change	when	the	reaction	reaches	an	equilibrium.	Based	on	the	stoichiometric	coefficients,	if	the	value	of	PO2increases	by	x,	PH2will	change	by	2x.	The	third	row	sums	up	the	expressions	of	the	first	two	rows	to	determine	the	partial	pressures	at	equilibrium.	From	Dalton's	law	of	partial	pressure:	Ptotal	=	PA	+	PB	+	PC	+
Hence	the	total	pressure	for	the	reaction	is:	Ptotal	=	PH2	+	PO2=	2x	+	x=	3x	Now,	we	have	observed	total	pressure	of	2.10	atm,	we	can	solve	for	the	variable	x:	Ptotal	=	2.10	atm	=	3x	x	=	0.70	atm	Now,	to	find	the	equilibrium	partial	pressures	for	the	two	gases:	PH2	=	2x	=	1.40	atm	PO2=	x	=	0.70	atm	Now,	we	can	solve	for	Kp:	Kp=	(PH2)2	.	(PO2)
=(1.40)2	.	(0.70)	Kp=	1.37	Ques	4.	We	know	that	the	relationship	between	Kpand	Kcis	Kp=	Kc(RT)\(\bigtriangleup	\)nWhat	would	be	the	value	of	\(\triangle\)n	for	the	reaction	NH4C1(s)	\(\rightleftharpoons\)	NH3(g)	+	HCl(g)?(3	marks)	Ans.The	relationship	betweenKpandKcis	Kp=Kc(RT)\(\bigtriangleup	\)n	Where	\(\bigtriangleup	\)n	=	(number	of
moles	of	gaseous	products)	(number	of	moles	of	gaseous	reactants)	For	the	reaction,	NH4C1	(s)\(\rightleftharpoons\)NH3(g)	+	HCl	(g)	\(\bigtriangleup	\)n	=	2	0	=	2	Ques	5.	The	value	of	Kcfor	the	reaction302(g)	>2	03(g)	is	2.0	x	10-50at	25C.	If	the	equilibrium	concentration	of	02	in	the	air	at	25C	is	1.6	x	10-2,	what	is	the	concentration	of	O3?	(3
marks)	Ans.3O2-\(\rightleftharpoons\)2O3(g)	Kc=	[O3]2/[O2]3	or	(2.0	x	10-50)	=	[O3]2/(1.6	x	10-2)3	Ques	6.	Does	this	Kp/Kc	relationship	apply	only	to	gaseous	mixtures?(1mark)	Ans.	No,	it	does	not.	For	all	reversible	processes,	such	as	solid	to	gas,	gas	to	solid,	and	so	on,	the	relationship	between	Kp	and	Kc	holds	true.	Ques	7.	How	do	Kp	and	P	relate
to	each	other?	(1mark)	Ans.	Kp	is	the	equilibrium	constant	determined	from	a	reaction	equation's	partial	pressures.	It's	a	mathematical	expression	for	the	relationship	between	product	and	reactant	pressures.	Although	it	connects	the	pressures,	it	is	a	unitless	number.	While	P	refers	to	the	pressure.	Ques	8.	A	sample	of	HI	(g)	is	placed	in	a	flask	at	a
pressure	of	0.2	atm.	At	equilibrium,	the	partial	pressure	of	HI	(g)	is	0.04	atm.	Determine	the	Kpfor	the	given	equilibrium?	(3	marks)2HI(g)	\(\rightleftharpoons\)	H2(g)	+	l2(g)	Ans.pHI	=	0.04	atm,	pH2=	0.08	atm,	pI2=	0.08	atm	Kp=\({pH_2	\times	pI_2	\over	p^2_{HI}}\)	=\({0.08	atm	\times	0.08	atm	\over	0.04	atm	\times	0.04	atm}\)	=	4.0	Ques	9.
What	is	the	unit	of	Kp?(1mark)	Ans.	Kp	is	usually	measured	in	bar	or	atm.	Ques	10.	What	effect	does	temperature	have	on	Kp?	(2	marks)	Ans.	When	the	temperature	of	the	system	is	changed,	the	equilibrium	constants	are	altered.	At	constant	temperature,	Kc	or	Kp	is	constant,	but	as	the	temperature	changes,	they	fluctuate.	The	value	of	Kp	decreases
as	the	temperature	rises.	Hence,	the	equilibrium	constant	values	drop	with	the	rising	temperatures.	Ques	11.	Is	Kp	affected	by	volume?	(2	marks)	Ans.	As	both	sides	of	the	reaction	have	the	same	number	of	moles,	an	increase	in	volume	has	no	effect	on	the	equilibrium,	and	thus	there	is	no	change	in	the	direction.	Similarly,	there	is	no	effect	on	the
equilibrium	when	the	volume	is	reduced.	Ques	12.	What	does	it	mean	if	Kc	is	greater	than	1?	(2	marks)	Ans.	There	will	be	an	equilibrium	shift	in	favour	of	products	if	Kc	exceeds	1,	though	that	doesn't	mean	that	the	molar	concentration	of	reactants	is	negligible.	Ques	13.	The	reaction	between	N2	and	H2	to	form	ammonia	occurs	at	a	temperature	of
5000C.	The	value	for	Kc	is	given	as	6	x	10-2.	What	will	be	the	value	for	Kp?	(3marks)	Ans.	The	relation	between	Kp	and	Kc	for	N2	+	3H2	2NH3	Given:	T	=	500	+	273	=	773	K	Kc	=	6	x	10-2	\(\bigtriangleup\)n	=	2-3-1	=	-2	Kp	=	Kc	(RT)\(\bigtriangleup	\)n	Putting	the	values	in	the	equation:	Kp	=	6	x	10-2	(0.0821773)-2	=	6	x	10-2	/	(63.46)2	=	0.0014810-



5	Kp	=	1.5102	103	=	1.5105	Ques	14.Give	the	relation	between	Kp	and	Kc	for	the	reaction:	2NO(g)+CI2(g)	2NOCI(g).	(3	marks)	Ans.	The	Kp	and	Kc	relation	can	be	represented	as	Kp	=	Kc(RT)\(\bigtriangleup	\)n	where\(\bigtriangleup\)n=	2	1	2	=	-1	Kp	=	Kc	[RT]-1	Kp	=\({Kc	\over	RT}\)	Ques	15.If	KC	>	10x,	the	products	predominate	the	reactants.
What	is	the	value	of	x?	(2	marks)	Ans.If	KC>	10x,	the	products	are	predominant	over	the	reactants	in	a	chemical	reaction	as	if	KCis	large	the	reaction	nearly	proceeds	to	completion.	For	example:	At	300K,	H2(g)+	Cl2(g)2HCl(g),	KC=	4	x	1031.	Ques	16.If	reaction	quotient	of	a	chemical	reaction	is	2	and	the	equilibrium	constant	is	3,	what	can	be
determined	by	the	reaction?	(2	marks)	Ans.In	a	reaction,	if	the	reaction	quotient	is	less	than	the	equilibrium	constant,	it	tends	to	increase	and	the	reaction	will	move	in	the	forward	direction	till	it	reaches	equilibrium.	Ques	17.If	the	reaction	quotient	of	a	reaction	is	smaller	than	the	equilibrium	constant,	what	can	be	determined	by	the	reaction?	(2
marks)	Ans.If	the	reaction	quotient	is	less	than	KC,	it	tends	to	increase	and	the	reaction	will	move	in	the	forward	direction,	till	it	reaches	the	value	of	the	equilibrium	constant.	Ques	18.	What	is	the	state	of	KCat	equilibrium?	(2	marks)	Ans.At	equilibrium,	the	equilibrium	constant,depicted	by	the	symbol	KC,	and	the	reaction	quotient,	represented	by	the
symbol	QC,is	equivalent.	Ques	19.If	KC>	10-3in	a	chemical	reaction,	what	will	happen?	(1	mark)	Ans.If	KC>	10-3,	the	reactants	are	predominant	over	the	products	and	ifif	KC>	103,	the	products	are	predominant.	Ques	20.What	will	happen	If	QC>KC?	(2	marks)	Ans.If	QC>	KC,	QCtends	to	decrease	to	reach	the	value	of	equilibrium	constant	and	the
reaction	will	continue	in	the	opposite	direction,	where	QCis	reaction	quotient	and	KCis	the	equilibrium	constant.	Ques	21.	What	is	ideal	gas	equation?	(1	mark)	Ans.	Ideal	Gas	euqation	is	given	by	:	PV=	nRT	Ques	22:	Define	an	ideal	gas?	(1	mark)	Ans.	Ideal	gases	are	defined	as	a	group	of	randomly	propagating	point	particles	which	intermix	only
through	elastic	collisions.	Ques	23:	What	are	some	properties	of	gases?	(2	marks)	Ans.	The	three	important	properties	of	gases	are:	They	occuply	more	volume	than	solids	or	liquids	due	to	greater	intermolecular	distance	between	the	gas	particles.	Gas	moleculs	are	very	easy	to	compress.	Gas	molecules	expand	to	fill	spaces	around	them.	For	Latest
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Chemistry	kc	and	kp.	Chemistry	relation	between	kp	and	kc.	How	are	kp	and	kc	related	to	each	other	in	the	following	reaction	n2	o2	2no.	How	are	kp	and	kc	related	to	each	other	in	the	following	reaction.	What	is
the	relationship	between	kc	and	kp	for	the	following	reaction.	How	are	kc	and	kp	related.	Kc	react	to	kc.
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