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To	determine	relative	oxidizing	and	reducing	strengths	of	a	series	of	metals	and	ions.	1	To	explore	the	relative	oxidizing	and	reducing	strengths	of	different	metals.	2	To	gain	practice	working	with	electrochemical	cells.	3	To	use	experimentally	determined	cell	potentials	to	rank	reduction	half-reactions.	The	movement	or	transfer	of	electrons	is	central
to	our	understanding	of	chemical	reactions.	The	study	of	the	transfer	of	electrons	from	one	reactant	to	another	is	the	study	of	electrochemistry.	Electrons	can	move	spontaneously	from	higher	energy	levels	to	lower	energy	levels	within	an	atom.	A	similar	movement	can	take	place	between	two	different	chemical	reactants.	If	there	are	electrons	in	one
reactant	that	are	at	higher	energy	than	unfilled	orbitals	of	the	other	reactant,	the	high	energy	electrons	can	transfer	to	the	unfilled	orbitals	at	lower	energy.	This	transfer	of	electrons	from	one	chemical	substance	to	another	is	known	as	an	oxidation-reduction	(redox)	or	electron	transfer	reaction.	Consider	the	redox	reaction	(1)	and	Figure	1	below:	(	1
)	Zn(s)	+	Cu2+(aq)	¢Ã​Â​Â	Zn2+(aq)	+	Cu(s)​Ã	Â	Figure	1:	Energy	Diagram	for	Reaction	between	Zinc	Metal	and	Copper(II)	Ion.	One	reactant,	zinc	metal,	has	a	pair	of	electrons	at	a	much	higher	energy	level	than	an	unfilled	orbital	in	the	other	reactant,	copper(II)	ion.	The	electrons	in	the	higher	energy	orbital	in	zinc	can	spontaneously	move	to	the
lower	energy	orbital	in	copper(II).	This	electron	transfer	is	a	redox	reaction.	As	the	reactant	with	the	high	energy	electrons	"loses"	its	electrons,	its	oxidation	state	increases.	In	this	example,	elemental	zinc	has	an	oxidation	state	of	0;	loss	of	two	electrons	raises	its	oxidation	state	to	+2.	Loss	of	electrons	is	an	oxidation	reaction.	Conversely,	as	the
reactant	with	the	low	energy	orbital	"gains"	electrons,	its	oxidation	state	is	reduced.	Copper(II)	has	an	oxidation	state	of	+2;	the	elemental	metal	has	an	oxidation	state	of	0.	of	electrons	is	a	reduction	reaction.	In	a	Redox	reaction,	the	reagent	that	loses	electrons	(is	oxidized)	causes	a	reduction	and	is	called	reducing	agent.	In	the	example	above,	the
zinc	metal	is	the	reducing	agent;	He	loses	two	electrons	(is	oxidized)	and	becomes	ion	zn2+.	The	reagent	that	gains	electrons	(is	reduced)	causes	oxidation	and	is	called	oxidant	agent.	IONE	CU2+	earns	two	electrons	(is	reduced)	to	form	copper	metal.	To	have	a	complete	and	balanced	Redox	system,	there	must	be	at	least	one	reduction	and	oxidation;



One	cannot	occur	without	the	other	and	will	occur	simultaneously.	For	a	balanced	system,	the	number	of	electrons	lost	in	the	oxidation	reaction	must	be	equal	to	the	number	of	electrons	acquired	in	the	reduction	phase.	This	is	the	key	to	balance	the	equations	for	Redox	reactions.	To	keep	track	of	electrons,	it	is	convenient	to	write	oxidation	and
reduction	reactions	as	semi	reactions.	The	half	reactions	for	equation	1	are	shown	below.	In	this	example,	zinc	loses	two	electrons	and	copper	(II)	accepts	both.	(2)	ZN	ã	¢	â	€	â	€	â	€	â	€	™	ZN2	+	2	eã	¢	ë	†	â	€	Â	(half	oxidation	reaction,	reduction	of	the	agent)	ã	¢	(3)	Cu2	+	+	2	eã	¢	ë	†	â	€	Â	€	â	€	™	Cu	(half	a	reduction	reaction,	oxidant	agent)	is	in	a
(slightly)	more	complicated	example,	the	copper	metal	transfers	the	e	-ions	electrons,	which	have	a	state	of	oxidation	of	+1.	The	half	reactions	and	the	balanced	net	equation	are	shown	below.	The	number	of	lost	electrons	must	be	the	same	as	the	number	of	electrons	earned,	two	silver	ions	each	accept	an	electron	from	a	single	copper	atom,	which
loses	two	electrons.	(4)	Cu	ã	¢	â	€	â	€	â	€	Â	€	™	+	2	eã	¢	ë	†	'(half	oxidation	reaction)	ã	¢	(5)	AG	+	+	1	eã	¢	ë	†	â	€	â	€	â	€	â	€	™	AG	(reduction	half	reaction)	ã	¢	(6)	2	ag	+	+	cu	ã	¢	â	€	2	ag	+	cu2	+	(net	reaction)	in	this	example,	the	copper	gives	electrons	(it	is	oxidized).	Cié	indicates	The	silver	ion	has	a	vacant	orbital	to	a	lowest	energy	of	the	one	in
which	two	copper	electrons	reside.	In	Redox	reactions,	oxidate	and	e	e	The	shapes	of	each	reactor	are	called	a	Redox	couple.	Red	couples	are	written	"OX/RED".	The	oxidized	form	of	the	couple	is	shown	to	the	left,	the	shape	reduced	to	the	right	with	a	slash	in	the	middle.	For	example,	Cu2+/Cu	and	ZN2+/ZN.	In	part	of	this	experiment,	the	relative
strengths	of	oxidizing	agents	and	reducing	are	positioned	by	observing	whether	the	reactions	occur	or	not.	A	visible	change	accompanies	each	reaction.	A	solid	or	gas	is	formed,	or	a	change	of	color	is	occurred.	Cié	indicates	that	the	orbitals	not	filled	in	the	oxidant	agent	are	lower	energy	than	the	orbitals	filled	with	the	reduction	agent.	The	reaction	is
the	result	of	the	transfer	of	electrons.	If	such	a	change	is	not	observed,	no	reaction	occurs.	You	will	be	tested	three	oxidizing	agents,	Cu2+,	MG2+	and	Mno4-,	to	determine	their	relative	reactivation.	The	solutions	that	these	ions	will	provide	are	Cu	(NO3)	2,	MG	(NO3)	2	and	KMNO4,	respectively.	The	half	-reduction	reaction	for	each	oxidizing	agent	is
shown	below	in	alphabetical	order.	(7)	CU2	+	(AQ)	+	2	E-CU	(S)	(8)	MG2	+	(AQ)	+	2	E-MG	(S)	(9)	MNO4-	(AQ)	+	8	H	+	(AQ)	+	5	E-MN2	+	(	aq)	+	4	h2o	(l)	you	will	react	each	of	them	with	two	compounds	that	can	act	as	reducing	agents,	hydrogen	peroxide	(H2O2)	and	potassium	iodo	(KI).	Therefore,	three	reduction	agents,	Cu	(S),	MG	(S)	and	ZN	(S)
will	then	be	tested	to	determine	their	relative	reactivations.	The	reaction	oxidation	for	each	reduction	agent	is	listed	below	in	alphabetical	order.	(10)	CU2	+	(AQ)	+	2	E-	(11)	MG	(s)	MG2	+	(AQ)	+	2	E-	(12)	ZN2	+	(AQ)	+	2	you	will	react	each	of	them	with	two	species	that	can	act	as	oxidant	agents	,	water	(H2O)	and	hydronio	ion	(H3o+)	supplied	by
hydrochloric	acid.	Note	that	the	CU2+/Cu	couple	and	the	ZN2+/ZN	couple	are	also	examined	in	part	B	of	this	experiment.	Get	ready	to	compare	the	relative	reactivations	of	part	A	with	your	observations	from	the	measure	of	potential	cell	phones	in	part	B.	When	electrons	are	transferred	spontaneously	(Downhill)	(Downhill)		Ãras	arusim	is	ehc
elaiznetop	aznereffid	amirp	aL	.enoizudir	id	etnega'l	e	etnadisso'l	art	elaiznetop	aznereffid	al	erarusim	²Ãup	is	,ocirac	emoc	otazzilitu	eneiv	ortemtlov	nu	odnauQ	.ellecimes	eud	el	eragelloc	rep	otazzilitu	eneiv	,artla'lla	allec	azzem	anu	ad	eraiggaiv	id	inoi	ilga	etnesnoc	ehc	,elas	id	etnop	nu	,otiucric	li	eratelpmoc	reP	.odotac	la	etnadisso	etnega'llen
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enoizudir	al	acifirev	is	iuc	a	odorttele'L	.idorttele	etamaihc	onos	ehcillatem	ecsirts	eL	.etnednopsirroc	ocillatem	enoi	led	enoizulos	anu	ni	ollatem	led	aicsirts	anu	onognetnoc	ehc	isav	onos	ellecimes	el	,acinavlag	allec	anu	nI	.noI	ocniz	e	ocillatem	emar	art	enoizaer	al	rep	acimihcorttele	allec	:2	arugiF	.ottos	iuq	2	arugif	allen	otartsom	¨Ã	onU
.acimihcorttele	allec	anu	ni	otiugese	etnemacipit	eneiv	otseuQ	.orol	id	art	aigrene	id	eznereffid	el	erarusim	e	xoder	eippoc	id	eires	anu		Ãrinu	iS	.etnadisso	etnega	nu	id	ilatibro	ilg	e	enoizudir	id	etnega	nu	id	irotanod	ilatibro	ilgen	inorttele	ilg	art	aigrene	id	aznereffid	al	erarusim	id	ehcna	etnesnoc		Ãtem	a	inoizaer	elled	enoizarapes	aL	.)3O2lA(
elarenim	ous	lad	oinimulla	id	ollatem	id	enoizudorp	al	¨Ã	etnatropmi	oipmese	nU	.isilorttele'l	onatropmoc	ilairtsudni	issecorp	itloM	.atazzirosnops	non	enoizerid	allen	xoder	id	enoizaer	anu	eradiug	rep	)aigrene	id	etnof(	anretse	enoisnet	anu	atazzilitu	eneiv	iuc	ni	,acitilorttele	allec	anu	eratsopmi	elibissop	ehcna	​Ã	.ehcinavlag	ellec	itamaihc	onos
ivitisopsid	ilaT	.eirettab	el	onanoiznuf	emoc	occE	.itrapmoc	isrevid	ni	etarapes	onos	inoizaer	ezzem	el	es	onretse	otiucric	nu	ni	eraroval	onossop	,)arebil	aigrene	The	CU2+/Cu	couple	and	the	AG+/AG	couple.	You	will	use	this	to	set	your	yours	so	you	get	a	positive	reading.	Recall	from	equations	4	-	6	that	copper	metal	gives	electrons	to	silver	ions.	The
metallic	copper	is	oxidized	in	this	reaction,	so	the	pair	Cu2+/Cu	is	the	anode.	The	silver	is	reduced,	so	the	Ag+/Ag	pair	is	the	cathode.	The	electrons	travel	towards	the	cathode,	the	most	electrically	positive	electrode,	in	a	spontaneous	reaction.	The	potential	difference,	Ecell,	is	defined	as	(13	)	Ecell	=	Ecathode	−	Eanode	In	a	galvanic	cell,	the	cell
potential	must	be	positive	if	the	cathode	and	the	anode	are	properly	identified.	The	potential	difference	between	the	Cu2+/Cu	pair	and	several	other	pairs	of	curls,	consisting	of	metals	and	their	ions.	One	of	the	pairs	will	be	Zn2+/Zn.	From	equations	1	-	3,	we	know	that	copper	(II)	is	reduced	in	this	reaction,	so	the	pair	Cu2+/Cu	is	the	cathode.
However,	when	the	Cu2+/Cu	pair	is	connected	to	the	Ag1+/Ag	pair,	the	Cu2+/Cu	pair	is	the	anode.	What	effect	will	it	have	on	the	measure?	If	the	Cu2+/Cu	pair	is	kept	in	the	same	terminal	as	the	voltmeter	for	all	measurements,	those	in	which	the	cathode	will	show	potential	negatives.	This	simply	indicates	that	the	electrons	travel	through	the
voltmeter	in	the	opposite	direction	from	what	was	measured	in	the	cell	with	the	Ag+/Ag	pair.	The	voltmeters	are	sensitive	to	the	direction	of	the	electron	flow	(electric	current),	and	indicate	the	direction	by	means	of	the	sign	on	the	potential	difference.	Therefore,	with	this	experimental	configuration,	a	positive	tension	means	that	the	Cu2+/Cu	pair	is
the	anode,	and	a	negative	tension	means	that	the	Cu2+/Cu	pair	is	the	cathode.	So,	you	should	get	a	number	of	potential	differences	that	can	be	arranged	by	most	negative	to	most	positive.	This	order	will	tell	you	the	energy	relations	between	orbitals	filled	in	metals	and	orbital	vacancies	in	ions.	The	couple	producing	the	difference	avitagen	avitagen
¹Ãip	Copper	will	have	metal	with	the	highest	energy	electrons.	It'll	be	the	strongest	reducing	agent.	The	couple	producing	the	most	positive	potential	difference	with	copper	will	have	unfilled	orbitals	of	lower	energy.	It'll	be	the	strongest	oxidant	agent.	For	part	B,	you	will	use	a	simple	version	of	an	electrochemical	cell.	It	will	consist	of	a	round	plastic
base	with	a	central	recess	flanked	by	a	porous	omelet	containing	the	solution	of	the	salt	bridge	and	the	recesses	around	the	circumference	for	the	various	half-cell	solutions.	The	metallic	electrodes	are	wires	that	will	be	inserted	in	the	solutions	containing	metallic	ions.	When	the	voltmeter	cables	are	connected	to	the	two	metal	electrodes,	the	potential
difference	between	the	two	cells	will	be	measured	as	in	Figure	2	above.	ceramic	plate	30	ml	water	bottled	beacher	deionized	microlab	multi-echem	interface	cell	module	microlab	voltmeter	clip	~	6	drops	0.1	m	Cu	(NO3)	2	~	6	drops	0.1	m	mg	(NO3)	2	~	6	drops	0.1	m	mg	(NO3)	2	~	6	drops	0.1	m	kmno4	(	Acid)	~	9	drops	3%	H2O2	Solution	~	9	drops
0.1	M	ki	~	9	drops	Phenolftalein	Solution	~	2	pieces	Cu	Metal	~	2	pieces	Zn	metal	~	2	pieces	metal	mg	~	20	ml	3	m	hcl	~	30	ml	tap	water	0.1	m	Cu	(NO3)	2	0.1	M	AgNO3	0.1	M	Pb	(NO3)	2	0.1	M	Zn	(NO3)	2	0.1	M	KNO3	2	ã—~	1.5"	copper	wire	~	1.5"	silver	wire	~	1.5"	lead	wire	~	1.5"	zinc	wire	Potassium	permanganate	solution	is	strong	(KM)	It	is
also	acid	and	corrosive.	The	HCl	3M	solution	is	acid	and	corrosive.	Both	solutions	can	attack	the	skin	and	cause	permanent	damage	to	the	eyes.	If	one	of	these	solutions	pops	into	your	eyes,	use	the	eyewash	immediately.	Keep	your	eyes	open	and	flush	with	water.	If	you	experience	contact	with	skin	or	clothing,	rinse	the	affected	area	with	water.	Ask
your	laboratory	partner	otal	otal	lus	imuf	id	onafoc	len	rehceb	ia	etnematnetta	olignuiggA	.itnatirri	e	idica	iropav	aname	M3	LCH'L	.aticsuirouf	allus	erotturtsi	out	li	Avoid	inhaling	the	vapors.	Reducing	agents	produce	hydrogen	gases	if	exposed	to	water	and/or	acid.	Keep	the	reactions	away	from	the	sources	of	ignition	and	rinse	the	acid	from	the
metal	before	discarding	it.	Do	not	limit	the	waste	container	strictly.	As	with	all	the	workshops,	be	sure	to	wash	your	hands	thoroughly	after	handling	any	chemical	and	avoiding	touching	the	eyes	and	mouth	during	the	laboratory.	The	solutions	from	part	A1	of	the	experiment	should	be	rinsed	in	the	waste	container	for	oxidizing	agents.	There	is	a	funnel
in	the	container.	Pour	the	contents	of	the	cockpit	plate	into	the	funnel,	then	rinse	the	dish	with	water	from	a	bottle	of	pressing.	The	metals	of	part	A2	of	the	experiment	must	be	removed	from	the	reactions	with	the	pliers,	rinsed	with	water	if	they	have	been	exposed	to	acid,	stained	to	remove	excess	water,	then	discarded	in	the	container	for	used
metals.	Do	not	limit	this	container	strictly;	Hydrogen	could	increase	the	pressure	in	it.	The	liquids	of	this	experiment	can	be	downloaded	in	the	sink.	The	solutions	from	part	B	of	the	experiment	should	be	rinsed	in	the	waste	container	for	Redox	solutions.	There	is	a	funnel	in	the	container.	Pour	the	contents	of	the	cockpit	plate	into	the	funnel,	then
rinse	the	plastic	base	with	water	from	a	bottle	of	pressing.	Metal	cables	must	be	returned	to	the	configuration	sheet	to	be	used	by	the	next	laboratory	section.	Complete	the	prelab	Webassign	assignment.	Check	your	Webassign	account	for	deadlines.	Students	who	do	not	complete	the	Webassign	Prelab	are	required	to	bring	and	deliver	the	prelab
worksheet.	Laboratory	procedure	please	print	the	worksheet	for	this	laboratory.	You	will	need	this	sheet	to	record	your	data.	Because	of	this	The	part	in	Verrã	set	at	your	laboratory	station.	During	the	laboratory	period,	each	couple	should	alternate	by	going	to	the	lateral	shelf	to	record	the	measurements	for	part	B.	1	Get	a	ceramic	cockpit	plate.	2
Add	3	drops	of	Cu	solution	(NO3)	2	to	the	first	well,	3	drops	of	mg	(NO3)	2	solution	to	the	second	second	and	3	drops	of	solution	KMnO4	to	the	third	well.	3	Add	2	drops	of	H2O2	solution	to	each	well.	If	something	happened,	write	"R"	(reaction)	in	the	Data	Table	A1	and	make	a	brief	note	of	what	happened	in	the	space	below.	If	nothing	happened,
write	"NR"	(no	reaction)	in	space.	Any	oxidizing	agent	that	reacted	with	H2O2	is	a	stronger	oxidizing	agent	than	any	that	did	not.	4	If	no	reaction	has	been	observed,	place	three	drops	of	the	oxidizing	agent	in	another	well.	5	Add	three	drops	of	solution	KI	to	each	well.	If	something	happened,	write	"R"	(reaction)	in	the	Data	Table	A1	and	make	a	brief
note	of	what	happened	in	the	space	below.	If	nothing	happened,	write	"NR"	(no	reaction)	in	space.	Any	oxidizing	agent	that	reacted	with	the	KI	is	a	stronger	oxidizing	agent	than	anyone	who	did	not.	6	Pour	the	plate	content	well	into	the	waste	bottle	for	oxidizing	agents	and	rinse	it	with	your	squirt	bottle.	Rinses	should	also	enter	the	bottle	of	waste.
Pour	the	plate	content	well	into	the	waste	bottle	for	oxidizing	agents	and	rinse	it	with	your	squirt	bottle.	Rinses	should	also	enter	the	bottle	of	waste.	Table	A:	Reactions	of	oxidizing	agents	1:	Lists	oxidizing	agents	in	order,	from	weaker	to	stronger.	Question	2:	Write	half	reactions	for	oxidizing	agents	in	order,	from	weaker	to	stronger.	(Hint:
Remember	that	oxidizing	agents	are	reduced.)	1	Get	three	30	mL	beakers	and	label	them	Cu,	Mg	and	Zn.	2	Add	10	-	15	mL	of	tap	water	to	each,	then	place	a	small	piece	of	copper	metal	in	a	called	"Cu",	magnesium	metal	to	the	labeled	"Mg"	and	zinc	metal	to	the	labeled	"Zn".	3	For	each	beaker,	add	3	drops	of	phenolophthalein	indicator.Something
happened,	write	"r"	(reaction)	in	the	A2	data	table	and	make	a	short	note	of	Cié	that	took	place	in	the	space	below.	If	nothing	happened,	write	"nr"	(no	reaction)	in	space.	Any	reduction	agent	that	reacted	with	water	is	slower	¹Ãip	elaiznetop	li	ah	etrof	¹Ãip	etnecudir	etnega'l	e	ovitisop	¹Ãip	elaiznetop	li	aibba	etrof	¹Ãip	etnadisso	etnega'l	ehc	ecid	iS	:5
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is	possible	to	use	a	table	of	standard	reduction	potentials	for	help.	C	Writing	the	balanced	equation	for	the	reaction	that	has	occurred	between	the	magnesium	metal	and	this	chemical.	Question	7:	You	have	also	observed	a	reaction	with	zinc	metal.	A	with	which	compound,	element	or	ion	reacted	zinc?	b)	b)	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b
b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b
b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	b	Scrivi	una	mezza	reazione	per	quello	che	Ã¨	successo	a	questa	sostanza	chimica.	It	is	possible	to	use	a	table	of	standard	reduction	potentials	for	help.	C	Writing	the	balanced	equation	for	the	reaction	that	has	occurred	between	the	zinc	metal	and	this	chemical.	Question	8:	On	the	basis
of	your	answers	to	application	5,	or	will	these	combinations	produce	a	reaction?	1	To	activate	the	Microlab	Voltmeter,	first	make	sure	that	the	MicroLab	interface	is	activated,	as	indicated	by	a	green	light	in	the	"or"	of	the	MicroLab	logo.	On	the	computer	desktop,	double	click	on	the	MicroLab	icon	to	open	the	software.	A	box	seem	to	choose	an
experiment.	He	highlights	"Half-Cell	Metter"	and	click	on	"OK".	Make	sure	that	the	voltage	entry	is	selected	and	click	"OK".	This	brings	the	display	of	the	measured	voltage	meter.	2	Fill	the	center	of	the	cell,	shown	in	figure	3,	with	fresh	kno3	solution.	3	Fill	the	wells	with	metal	ions	solutions	and	place	the	corresponding	metal	wire	in	the	solution:	well
1	and	2:	Cu	(NO3)	2/Cu.	thread	Cu	have	a	characteristic	copper	color.	Well	3:	ZN	(NO3)	2/ZN.	The	ZN	wire	will	be	gray	and	difficult	to	fold.	Well	5:	PB	(NO3)	2/pb.	The	pb	wire	will	be	opaque	gray	and	very	foldable.	Well	7:	Agno3/AG.	The	AG	thread	will	be	shiny	and	seem	silver.	Figure	3:	MIGROLAB	MULTI-ECHEM	METH	module	4	for	the	remedial
cell,	attach	the	black	alligator	clip	to	the	copper	wire	in	good	1.	5	Next	connect	the	red	alligator	clip	to	the	other	copper	wire	in	Pozzo	2.	6	Measuring	the	potential	of	the	Volt	and	record	it	in	the	B1	data	table.	This	value	should	be	very	close	to	0.0	V	and	there	is	no	potential	difference	between	copper	and	itself.	If	you	can't	find	this	result,	result,	your
instructor.	7	When	you	are	finished	taking	your	measurement,	remove	the	red	lead	from	the	copper	wire	and	attach	it	to	the	silver	wire.	Measure	the	potential	in	volts	and	record	it	in	Data	Table	B1.	The	Silver-Copper	cell	should	have	a	positive	cell	potential.	If	it	does	not,	consult	your	instructor.	8	Repeat	step	7	for	the	Zinc-Copper	and	Lead-Copper
couples.	9	When	finished,	dispose	of	all	waste	in	the	appropriate	container	in	the	hood,	rinse	the	cell,	and	refill	the	center	cell	with	KNO3	solution.	10	Enter	the	four	couples	into	Data	Table	B2,	arranging	them	in	order	from	most	negative	potential	to	most	positive	potential.	11	We	have	treated	the	Cu2+/Cu	couple	as	a	reference	point	for	our
measurements.	However,	the	standard	hydrogen	electrode	(SHE)	is	defined	by	international	convention	as	the	zero	volt	reference.	The	reduction	potential	of	Cu2+/Cu	is	+0.34	V	relative	to	this	standard.	Therefore	by	adding	+0.34	V	to	each	of	the	potentials	you	measured	vs	Cu2+/Cu	will	convert	them	to	potentials	vs	SHE.	Enter	these	values	in	Data
Table	B2,	column	3.	12	Refer	to	the	table	of	Standard	Reduction	Potentials	given	on	the	inside	front	cover	of	this	lab	manual	to	find	the	actual	standard	reduction	potentials	of	these	four	couples.	Enter	these	values	in	Data	Table	B2,	column	4.	Data	Table	B1:	Cell	Potentials	vs	a	Cu2+/Cu	Couple	Data	Table	B2:	Cell	Potentials	in	Order,	with	Half-
Reactions	Question	9:	Based	on	the	order	obtained	by	experiment,	a	Which	species	has	the	highest	energy	filled	or	partially	filled	orbitals?	b	Which	species	has	the	lowest	energy	unfilled	or	partially	filled	orbitals?	c	Which	species	is	the	strongest	reducing	agent?	d	Which	species	is	the	strongest	oxidizing	agent?	Question	10:	Using	the	order	you	found
in	Data	Table	B2	for	the	cell	potentials,	write	the	half-reaction	for	each	half-cell.	Write	the	reactions	as	reductions.	Question	11:	The	Mg2+/Mg	couple	was	not	tested	when	measuring	half-cell	Based	on	your	behavior	in	part	A,	where	would	it	put	it	in	the	B2	data	table?	(If	you	are	doing	first	part	B,	go	back	to	this	question	after	completing	both	parts	of
the	laboratory.	13	before	leaving,	go	to	a	computer	in	the	laboratory	and	enter	your	results	in	the	in-Lab	assignment.	If	all	the	results	are	marked	As	correct,	disconnect.	If	not	all	the	results	are	correct,	try	to	find	the	error	or	consult	your	laboratory	instructor.	When	all	the	results	are	correct,	note	them	and	exit	Webassign.	The	in-Lab	assignment
must	be	completed	by	The	end	of	the	laboratory	period.	If	a	further	time	is	required,	consult	your	laboratory	instructor.	Instructor.	
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