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Authors:	B.	D.	Lamp,	T.	Humphry,	V.	M.	Pultz	and	J.	M.	M.	McCormick	*	Last	updated:	13	November	2013	Thermochemical	thermochemical	introduction	Investigates	the	relationship	between	chemical	reactions	and	energy	changes	involving	heat.	It	was	born	of	the	practical	problem	of	the	cannon	and	today	continues	to	play	an	important	role	in
almost	every	aspect	of	chemistry.	The	thermochemistry	practical	applications	include	the	development	of	alternative	fuel	sources,	such	as	fuel	cells,	hybrid	gas-electric	cars	or	integrated	gasoline	with	ethanol.	At	a	fundamental	level,	the	thermochemistry	is	also	important	because	the	forces	that	hold	molecules	or	ionic	compounds	together	are	linked
to	the	evolved	heat	or	absorbed	into	a	chemical	reaction.	Therefore,	the	chemists	are	interested	in	the	thermochemistry	of	each	chemical	reaction,	whether	it	is	the	solubility	of	lead	salts	in	drinking	water	or	glucose	metabolism.	The	quantity	of	heat	generated	or	absorbed	in	a	chemical	reaction	can	be	studied	using	a	calorimeter.	A	simplified	scheme
of	a	calorimeter	is	shown	in	Fig.	1.	The	â	€	œSistemaâ	€	(our	chemical	reaction)	is	placed	in	a	well-isolated	vessel	surrounded	by	water	(surroundings).	A	thermometer	is	used	to	measure	the	heat	transferred	to	or	from	the	system	to	the	surrounding	environment.	Ideally,	only	the	water	would	be	the	â	€	œIntorniâ	€	in	a	thermodynamic	sense,	and	the
container	would	not	allow	heat	to	pass.	In	reality,	the	vessel	allows	the	heat	to	switch	from	water	to	the	rest	of	the	universe,	and	we	will	have	to	take	into	account	this	(he	saw	infra).	Figure	1.	Schematic	representation	of	a	calorimeter.	There	are	two	types	of	calorimeters:	constant	and	constant	pressure-volume.2.3	in	the	calorimeter	at	a	constant
volume,	the	chemical	reaction	under	study	is	allowed	to	take	place	in	a	heavy	barrel	bomb.	Because	the	reaction	in	the	bomb	takes	place	at	a	constant	volume,	the	heat	that	is	generated	by	the	reaction	(mostly	the	exothermal	reactions	are	studied	in	a	calorimeter	of	constant	volume)	is	actually	the	change	of	internal	energy	(Î	"u)	for	the	reaction.	Even
if	Î	"u	is	a	useful	quantity,	for	chemicals	Entalpia	change	(Î"	h)	is	more	relevant.	However,	we	can	convert	Î	"Î	to	Î"	using	EQN.	1,	if	we	know	the	change	in	the	number	of	gas	wheels	(Î	"n)	in	the	reaction	and	temperature	(t).	In	a	calorimetric	experiment	with	constant	pressure,	like	the	one	that	is	performing,	the	energy	released	or	absorbed	is
measured	under	constant	atmospheric	pressure.	A	constant	pressure	calorimeter	is	simpler	to	assemble	that	a	constant	volume	calorimeter	and	a	wider	range	of	chemical	reactions	can	be	studied	with	it.	Furthermore,	because	the	reaction	is	performed	at	constant	pressure,	Î	"H	is	equal	to	the	quantity	of	heat	a	reaction	generates	or	absorbs	(more
info)	and	one	must	only	measure	the	change	of	temperature	when	the	reactioning	are	mixed	to	obtain	Î"	H	for	reaction.	The	calorimetia	a	constant	is	normally	carried	out	with	liquids	or	or	which	have	the	same	temperature	(more	information).	When	a	solid	is	used,	it	is	usually	assumed	that	the	Tanitial	of	the	solid	is	the	same	as	the	ambient
temperature.	After	measuring	the	trinticials,	the	reagents	are	quickly	inserted	into	the	constant	pressure	calorimeter.	If	the	reagents	mix	and	react	instantly,	and	the	thermometer	responds	perfectly	to	the	change	in	temperature,	the	change	in	temperature	(is	“T)	would	simply	be	tfinal	â	̈¬”	unjust,	as	shown	in	Fig.	2.	Note	that	if	the	calorimeter	is
perfect	(no	heat	loss)	the	temperature	inside	the	calorimeter	will	not	change,	and	the	graph	of	the	operating	temperature	will	be	flat,	also	as	shown	in	Fig.	2.	Figure	2.	Temperature	versus	time	plot	for	an	exothermic	reaction	in	a	perfect	calorimeter.	Unfortunately,	no	calorimeter	is	perfect,	and	instant	mixing	and	reaction	are	not	always	achieved
(even	with	efficient	mixing).	In	this	case,	the	graph	of	temperature	versus	time	looks	more	fig.	3.	We	can	still	find	is	“T,	but	now	we	have	to	extrapolate	back	when	the	solutions	were	mixed	(time,	t,	equal	to	zero).	This	is	easily	done	by	performing	a	linear	regression	on	the	inclined	side	of	the	graph	(where,	due	to	exothermic	reactions,	heat	is	leaking
out	of	the	calorimeter)	and	getting	the	tfinal	from	the	Y	intercept.	Temperature	versus	time	plot	for	an	exothermic	reaction	in	a	real	calorimeter	showing	the	extrapolation	to	the	ideal	tfinal	at	the	time	of	mixing	(T	=	0).	Some	other	experimental	problems	with	real	calorimeters	that	we	need	to	account	for	are:	1)	Real	calorimeters	can	absorb	heat	and
2)	Although	species	undergoing	chemical	change	cause	a	release/absorption	of	heat	energy,	it	is	the	whole	solution	that	changes	its	temperature.	√	Fortunately	both	of	these	problems	can	be	accounted	for	by	measuring	a	calorim	constant	meter,	c,	which	is	essentially	a	specific	thermal	capacity	for	the	calorimeter	and	everything	in	it	(with	unit	of	JÃ
̈Â·	G-1Ã	̈	Ã	̈Â°	C-	1).	As	long	as	we	work	with	diluted	aqueous	solutions	and	the	nature	of	the	solutions	does	not	change	significantly	from	one	experiment	to	another	(e.g.	the	solutions	are	all	diluted	and	aqueous),	the	calorimeter	constant	can	be	used	for	many	different	experiments	in	the	same	calorimeter.	The	constant	calorimeter	is	most	easily
determined	by	performing	a	reaction	with	a	known	enthalpy	change	(“HRXN”).	For	this	exercise	we	will	use	the	neutralization	reaction	HCL	(AQ)	+	NAOH	(AQ)	Ã¢	â​	′	H2o	(l)	+	NACL	(AQ)	to	determine	the	calorimeter	constant	(help	me).	To	relate	HRXN	to	the	temperature	change	of	the	calorimeter,	we	have	to	use	the	first	law	of	thermodynamics.
The	heat	that	the	chemical	reaction	turns	off,	or	resumes,	(QRXN)	is	simply	the	of	the	limiting	reagent,	Nilding	Reagent	Times	is	“HRXN	(Remember	that	an	enthalpy	change	has	been	called),	as	indicated	by	EQN.	2.	qrxn	=	reagent	nfiniting	Â·	is	h	¢	(2)	the	solution	(including	reagents	and	the	and	the	calorimeter	itself	do	not	undergo	any	physical	or
chemical	change,	so	we	have	to	use	the	expression	for	the	specific	heat	capacity	to	relate	the	temperature	change	to	the	amount	of	heat	(qcal)	they	exchanged	(Eqn.	3).	3,	m	is	the	mass	(mass	of	the	reagents	+	mass	of	the	water	+	mass	of	the	calorimeter),	C	is	the	constant	of	the	calorimeter	(specific).	thermal	capacity)	and	T	is	the	change	in	the
temperature	of	the	solution	(and	of	the	calorimeter).	According	to	the	First	Law	of	Thermodynamics,	qrxn	must	have	the	same	magnitude	as	qcal,	but	the	opposite	sign	(if	the	reaction	emits	heat,	the	calorimeter	must	absorb	it).	4,	which	is	the	starting	point	for	all	the	calculations	of	this	exercise.Ã©	4	for	C,	when	determining	the	calorimetric	constant,
or	for	Ã©Â¢H	when	trying	to	find	the	enthalpic	variation	of	a	salt	that	dissolves	in	water,	Ã¢¢Hsol).	Ã	̈	nlimiting	reagentÃ	̈Ã	̈Ã©Â¢H	=	-mÃ	̈Â·WhatÂ·IÂ¢T	Ã	̈	̈	Ã	̈	(4)	Periodic	Trends	Trends	Related	to	the	Positions	of	Ã	̈	There	are	vertical	trends,	horizontal	trends,	and	some	properties	may	have	trends	in	both	directions.	Ã	̈	Atomic	dimensions	are	an
example	of	trend.	Generally,	the	lower	in	a	group	an	element	is,	the	larger	it	is,	so	an	atom	of	potassium	is	larger	than	an	atom	of	sodium.	It	is	also,	more	to	the	right	in	a	row	a	smaller	atom	tends	to	be,	so	a	carbon	atom	is	smaller	than	a	sodium	atom.	In	this	exercise,	the	calorimetry	will	be	used	to	investigate	whether	there	is	a	periodic	trend	in	the
enthalpy	formation	of	the	common	cations	of	some	metallic	elements	in	aqueous	solution.	The	formation	of	an	aqueous	cation	from	an	element	in	the	standard	state	is	a	fairly	abstract	multi-stage	process,	but	it	is	directly	related	to	the	oxidation-reduction	reactivity	of	the	element	and	the	solubility	of	ionic	compounds.	So,	it	is	an	important	chemical
process!	Each	salt	tested	in	the	laboratory	has	a	metallic	cation.	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	ÃÂ¢¢¢Hf0	of	the	solid	inorganic	salt	(including	hydration	waters)	and	the	known	Ã¢¢¢Hf0	of	the	aqueous	anion	(from	the	table	below),	one	can	calculate	the	Ã¢Hf0	of	the	aqueous	cation.	using	the	dissolution	equation	of	salt	and	tentalpia.	Ã©	For	example,	the
dissolution	equation	for	aluminum	chloride	hexahydrate	is	AlCl3Ã©Â·6H2O	(s)	Â”Al3+	(aq)	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Â”	Â”	Â”	Â”	Â”	Â	The	Hf0	of	the	Al3+	ion	can	then	be	found	by	the	Hf0	of	the	other	species	present	in	the	reaction	and	the	Hsoln	found	experimentally.Note	that	in	this
example	the	water	changes	from	being	bound	in	the	crystal	lattice	of	aluminum	chloride	to	being	free	liquid	water.	It	is	important	to	know	whether	the	solid	salt	is	a	hydrate	or	not	and,	if	so,	how	much	water	is	present.	If	there	is	a	periodic	trend	in	the	Aqueous	action	is	present	a	column	or	through	a	row	should	become	evident	from	the	results.	In
order	to	view	any	periodic	trend	in	Î	"HF	(if	there	is	one,)	it	is	useful	to	write	the	solution	ethalpies	on	a	periodic	table.	If	no	trend	is	present,	this	should	also	be	easily	evident.	Experimental	before	coming	to	the	laboratory	to	be	sure	of	having	determined	Î	"HRXN	for	the	aqueous	HCL	reaction	with	aqueous	NaOH	using	the"	HF0	(you	might	find	the
clear	ion	equation	of	this	reaction,	H	+	(AQ)	+	Ohâ	€	"(	AQ)	â	†	'H2O	(L,)	A	simpler	way	to	calculate	"HRXN).	It	is	highly	recommended	that	you	have	set	all	the	equations	you	need	during	the	laboratory	in	your	notebook	before	the	laboratory.	The	main	cause	of	people	who	do	not	end	this	exercise	in	time	is	to	be	badly	prepared!	Soccer	set	In	this
experiment,	you	will	use	a	computer-based	data	collection	system	to	record	the	temperature	of	the	solution	as	a	function	of	time,	and	a	magnetic	stirrer	to	ensure	the	mixing	of	the	reagents	(see	experimental	installation	in	Fig.	4	and	Fig.	5	.)	Before	you	start,	read	the	introduction	to	Logger	Pro	to	learn	how	to	assemble	the	computer	and	the	data
acquisition	system.	You	will	use	stainless	steel	temperature	probes;	one	in	the	channel	1	of	the	labpro	interface	and	the	other	in	the	channel	2.	Set	the	software	to	collect	the	data	every	second	for	4	minutes	(240	sec)	and	adjust	the	accuracy	displayed	in	two	decimal	points	(help	me.)	Your	instructor	VI	will	help	you	configure	the	data	collection	system
and	the	execution	of	the	software.	Figure	4.	LabPro	installation	For	this	experiment	showing	temperature	probes	on	both	channels	1	and	channel	2.	Figure	5.	Experimental	configuration	of	constant	pressure	calorimeter	(shown	without	cover	in	position.)	Determination	of	the	constant	measurement	of	the	calorimeter	and	record	the	mass	Of	a	clean
and	dry	styrofoam	cup.	Place	a	dry	magnetic	bar	in	the	cup	and	record	the	new	mass.	This	cup	will	be	your	calorimeter	for	the	day.	Don't	change	the	cups!	Otherwise,	it	is	necessary	to	re-determine	the	constant	calorimeter	for	the	new	cup.	Measure	50.0	ml	of	~	2	m	Naoh	with	the	graduated	cylinder	and	place	it	in	the	cup.	Assuming	that	the	solution
has	a	density	of	1.00	g	/	ml,	determine	the	mass	of	the	solution.	Record	the	mass	of	the	cup	and	the	solution	that	contains	in	your	notebook.	Do	not	place	a	wet	cup	or	a	cup	filled	with	liquid	on	balance!	Useful	suggestion:	Use	the	density	and	volume	to	calculate	the	mass.	In	this	way	it	can	cause	serious	damage	to	equilibrium.	Make	sure	you	also
record	the	NaOH	molarity	used	in	your	notebook.	Calculate	and	record	the	number	of	NaOH	used.	Place	51.0	ml	of	~	2	m	hcl	in	another	cup	of	clean	and	dry	coffee.	Once	again,	that	the	density	of	the	HCl	solution	is	1.00	g/mL,	determine	the	mass	of	the	solution	used.	DoNOT	put	a	wet	cup	or	a	cup	filled	with	liquid	on	the	balance!	Rather,	use	the
density	and	volume	of	the	solution	to	find	mass.	Record	the	molarity	of	the	used	HCl.	used.and	record	the	number	of	HCL	mols	used.	Determines	whether	naoh	or	hcl	is	the	limiting	reagent.	Assemble	the	calorimeter	apparatus,	as	shown	in	Fig.	5,	placing	the	cup	containing	the	naoh	solution	and	the	agitation	bar	on	the	magnetic	agitator.	Your
instructor	will	assist	you	in	placing	the	lid	if	necessary.	Start	gently	mixing	the	solution	(a	setting	of	1	or	2	on	the	magnetic	stirrer	is	a	good	starting	point).	Rinse	the	channel	1	temperature	probe	with	distilled	water	in	a	becher	and	dry	with	a	kimwipe®.	Place	the	probe	in	the	cup	that	pays	attention	that	the	agitation	bar	does	not	affect	the	probe.	The
gently	locks	the	temperature	probe	in	place.	Rinse	The	channel	2	temperature	probe	and	then	place	it	in	the	HCL	solution.	WARNING!	The	temperature	probe	should	not	be	sitting	in	the	HCL	solution	for	more	than	a	minute.	If	the	probe	remains	in	a	longer	acid	solution	than	this,	the	steel	will	be	irrevocably	corroded.	LoggerPro	software	will	display
the	temperature	of	both	solutions	in	reality	-Time	in	the	upper	left	corner	of	the	window.	Monitor	temperatures	in	the	next	few	minutes	in	a	few	minutes.	When	temperatures	are	balancing,	make	sure	LoggerPro	software	is	ready	to	start	registration	data.	When	the	temperatures	of	Naoh	E	HCL	solutions	no	longer	change,	they	record	the	temperature
of	each.	Calculate	the	average	of	the	two	temperatures,	which	will	be	inherent	in	the	mixture.	Remove	the	probe	from	the	HCL	solution	and	rinse	well	with	distilled	water	in	a	waste	bucket.	Move	the	cover	to	the	side	and	then	quickly,	but	carefully,	pour	as	many	HCL	solutions	as	possible	into	the	calorimeter	and	simultaneously	start	collecting	data	in
LoggerPro.	Slide	the	lid	in	place.	While	still	mixing,	record	the	solution	temperature	every	second	in	the	next	4	minutes.	By	default,	LoggerPro	will	build	a	temperature	chart	against	the	time	the	data	is	collected.	The	program	will	collect	the	data	from	both	probes,	but	only	the	channel	1	probe	will	change,	and	it	will	be	the	only	one	we	analyze.	Â	Note
that	for	clarity	the	signal	of	channel	2	was	omitted	in	all	the	figures	shown	below.	Figure	6.	Typical	temperature	track	depending	on	time	for	an	exothermal	as	recorded	by	LoggerPro	software.	Note	that	the	data	is	displayed	from	one	channel.	The	track	shown	in	Fig.	6	is	quite	typical	for	an	exothermal	process,	where	the	temperature	of	the	solution
increases	rapidly	before	slowly	decreasing	as	the	system	returns	to	the	ambient	temperature.	As	the	temperature	probe	cannot	respond	instantly	to	a	rapid	temperature	change	and	the	reaction	may	not	take	place	instantly,	the	first	portion	of	the	data	may	exhibit	a	certain	curvature	before	reachingMaximum.	However,	the	data	on	the	right	of	the
maximum	of	the	curve	must	be	fairly	linear.	Use	the	Linear	Fit	icon	()	to	draw	the	Best-Fit	line	that	extends	to	the	mixing	time,	i.e.,	time	=	0	min	(see	Figure	7).	The	The	final	temperature	of	the	mixture,	Tfinal,	is	the	temperature	given	by	the	best	line	at	the	time	of	mixing.	If	you	determine	an	optimal	linear	line	based	on	the	data	to	the	right	of	the
maximum	curve,	the	intercept	is	Tfinal.	Calculate	the	ideal	temperature	change	Î​T	=	Tfinal	â​​	Tinitial.	Note	that	if	two	channels	are	monitored,	you	will	be	asked	to	specify	which	channel	to	analyze	(select	channel	1	if	you	set	up	the	experiment	as	described	above).	Figure	7.	Same	data	as	shown	in	Figure	6,	but	now	with	the	linear	regression	results
shown.	As	in	Fig.	6,	data	from	a	single	channel	are	displayed.	Determine	the	total	mass	of	the	calorimeter,	m	(includes	the	mass	of	the	cup	and	everything	in	it),	adding	the	mass	of	the	dry	cup	and	mixing	bar,	the	mass	of	HCl	and	the	mass	of	NaOH	.	Using	the	total	mass,	Î​Hrxn,	mole	of	the	limiting	reagent,	and	Î​Tcalculate	the	specific	heat	capacity	of
the	calorimeter,	C.	Use	the	Store	Latest	Run	command	in	LoggerPro	to	prevent	overwriting	of	your	data.	This	will	write	the	file	that	only	LoggerPro	can	read.	To	save	the	file	in	a	format	that	Excel	can	read.	Do	this	by	selecting	File,	Export	As	from	the	menu	bar	and	then	select	the	Text	option.	Save	your	data	on	your	Y:	drive,	or	other	removable	data
storage	device.	Record	the	name	of	the	file	in	your	notebook.	Repeat	the	above	procedure	two	more	times.	Calculates	an	average	specific	heat	capacity	of	the	calorimeter	and	its	associated	95%	confidence	interval.	Determination	of	a	Heat	of	Solution	In	this	part	of	the	experiment,	the	calorimeter	from	the	previous	portion	will	be	used	to	determine
the	heat	of	the	solution	(Î​Hsoln)	for	an	inorganic	salt.	Your	specific	salt	will	be	assigned	by	your	instructor	in	the	lab;	all	measurements	must	be	made	using	your	assigned	salt.	Since	you	do	not	use	the	second	temperature	probe,	you	can	disconnect	it.	Clean	and	dry	the	cup	of	coffee	you	used	for	the	calorimeter	in	the	first	part.	Place	50.0	mL	distilled
H2O	in	the	cup.	Assuming	the	water	has	a	density	of	1.00	g/mL,	determine	the	mass	of	distilled	water	used.	Do	not	place	a	wet	cup	or	a	cup	filled	with	liquid	on	the	balance!	Assemble	the	calorimeter	apparatus,	insert	the	magnetic	mixing	bar	and	start	mixing	gently.	Rinse	channel	1	temperature	probe	with	distilled	water	and	dab	dry.	Place	the	probe
in	the	water,	as	you	did	before,	and	note	the	water	temperature	in	the	next	few	minutes.	When	the	temperature	doesn’t	change	anymore,	record	it	as	Tinitial.	Grind	the	salt	assigned	to	a	fine	powder	with	a	clean,	dry	mortar	and	a	pea.	Place	about	2.0	g	of	the	powdered	salt	in	a	clean,	dry	weighing	boat	and	record	the	mass.	The	salt	must	be	at	room
temperature,	which	It’s	the	same	as	the	water	temperature.	Start	mixing	the	water	in	the	calorimeter.	This	should	be	quite	vigorous,	but	not	so	vigorous	that	water	splashes	from	the	calorimeter	or	there	is	excessive	cavitation	in	the	Scroll	the	cover	off	the	road,	start	data	collection	and	then	quickly	but	carefully	add	salt	to	the	stirring	water	in	the
calorimeter.	Slide	the	cover	over	the	mouth	of	the	cup.	As	you	continue	to	mix,	record	the	temperature	of	the	solution	every	few	seconds	for	the	next	15	minutes.	The	time	required	to	reach	the	maximum/minimum	temperature	can	be	5	minutes	and	up	to	40	minutes	(if	the	sample	has	not	been	sufficiently	ground;)	adjust	the	capture	parameters	as
required.	Logger	Pro	will	again	build	a	graph	of	temperature	versus	time	based	on	data.	The	appearance	of	your	data	will	depend	on	how	exothermic	or	endothermic	the	dissolution	of	your	salt	is.	As	with	HCl/NaOH	data,	draw	the	best	line	through	data	points	approaching	room	temperature.	The	ideal	final	mix	temperature,	Tfinal,	is	the	temperature
at	which	the	best-fit	line	crosses	the	mixing	time.	If	your	data	looks	really	weird,	you	could	approximate	Tfinal	to	the	lowest	temperature,	for	an	endothermic	reaction,	or	the	highest	temperature,	for	an	exothermic	reaction,	which	you	get.	Calcola	Î​T.	Using	the	total	mass	of	the	solution	(mass	of	cup	and	mixing	bar	first,	mass	of	added	water	and	mass
of	salt)	m,	the	number	of	solute	mole,	Î​T,	and	the	previously	established	specific	heat	capacity	of	the	calorimeter,	calculate	the	heat	of	solution,	Î​Hsoln	for	your	salt.	Keep	the	last	stroke	and	repeat	the	salt	analysis	two	more	times	(don’t	forget	to	save	the	data!)	Calculate	the	average	Î​Hsoln,	with	its	associated	95%	confidence	interval	for	your	salt.
Before	leaving	the	lab,	report	the	results	to	the	rest	of	the	class.	Copy	one	run	each	for	the	HCl/NaOH	and	Î​Hsoln	parts	of	the	experiment	in	Excel	and	include	a	printout	of	a	plot	of	each	dataset	in	your	notebook.	Results	and	Analysis	Determination	of	the	Constant	Calorimeter	Determination	of	the	average	C	for	the	calorimeter	from	your	three	tracks.
Determine	the	estimated	standard	deviation	and	the	95%	confidence	interval	for	C.	You	will	use	the	mean	C	in	your	calculation	of	Î​Hsoln,	but	we	will	not	do	a	propagation	of	the	error	analysis.	Determination	of	a	heat	of	solution	From	your	three	tracks	determine	an	average	Î​Hsoln	for	your	salt.	Also	calculate	the	estimated	standard	deviation	and	the
95%	confidence	interval	for	Î​Hsoln.	Report	your	Î​Hsoln	and	its	95%	confidence	interval	to	the	class.	From	your	Î​Hsoln	and	the	Î​Hf0	tabulate,	determine	Î​Hf0	for	the	cation	in	the	salts.	Be	careful	how	to	write	the	reaction	describing	the	dissolution	of	salt	(hydrates	are	different	from	anhydrated	salts!).	There	is	no	need	to	propagate	uncertainty	here
(thus	there	will	be	no	confidence	interval	on	Î​Hf0	for	cations.)	Conclusions	For	your	conclusions	use	the	schema	for	a	measurement	exercise.	Examine	the	data	of	the	class	in	its	see	any	trend	(e.g.,	how	ΔHf0	changes	for	cations	according	to	aplace	on	the	periodic	table)?	Predict	Î​Hf0	for	unstudied	cations	(Rb+	and	Sr2+).	Evaluate	whether	the	results
are	likely	to	be	accurate,	based	on	the	uncertainty	in	the	measurements	you	and	your	classmates	made.	Model	your	summary	table	after	table	1	below.	Salt	Î​Hsoln	(kJ/mol)	Î​Hf0	(kJ/mol)	per	Cation	Table	1.	Example	of	the	summary	table	for	this	exercise.	Fill	in	your	values	and	remember	to	include	the	95%	confidence	interval	for	each	Î​Hsoln.
References	1.	Click	here	to	download	this	PDF	file.	Note	that	hyperlinks	are	not	active	in	the	pdf	version.	2	Zumdahl,	S.	S.	Chemical	principles,	IV	ed.;	Houghton-Mifflin:	New	York,	2002;	Chapter	9.	3	Atkins,	P.	Physical	Chemistry,	6th	Ed.;	W.	H.	Freeman:	New	York,	1998;	Chapters	2	and	3.	Since	constant	pressure	calorimeters	are	often	open	to	the
atmosphere	(the	source	of	constant	pressure),	there	may	be	expansion	work.	If	a	gas	is	evolved	by	reaction,	the	gas	will	work	while	pushing	the	atmosphere	off	the	road.	This	doesn’t	affect	DH	for	the	reaction,	so	we	usually	ignore	it.	However,	it	strikes	DU.	If	the	reagents	are	not	at	the	same	temperature,	then	there	will	be	an	additional
heating/cooling	process	that	occurs	that	is	not	part	of	the	chemical	reaction	for	which	we	are	trying	to	determine	DH.	If	we	do	not	correct	our	data	for	this	process,	our	DH	value	will	be	in	error.	As	this	additional	heating/cooling	is	usually	not	possible,	we	must	make	sure	that	the	temperatures	are	the	same.	To	set	the	precision	displayed,	select	Data
Column	Options	from	the	menu	bar,	and	then	select	the	Options	tab.	Change	the	displayed	accuracy	as	desired.	The	acid	and	base	solutions	used	to	standardize	the	calorimeter	are	moderately	corrosive	and	caustic,	respectively.	The	salts	used	should	be	treated	as	toxic,	although	many	of	them	pose	minimal	risks.	Most	of	the	solutions	generated	in	this
experiment	can	be	disposed	of	in	the	sink	with	plenty	of	water.	water.
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