EXpERIMENT 8
Thermochemistry

CH 204 Spring 2008

Dr. Brian Anderson

Last week
Dilurtions - Backward and Forward

Beer’s Law: A = ecl

Derermined Molecular Formula for Crystals

Thermochemistry

The study of HEAT in chemical reacrions.

Hear is produced and consumed in chemical
REACTIONS iN sToichiomeTRic AmMOuUNTs, jusT like
ANy oTHER ReACTANT OR producT.




Thermochem in CH204

WEe look At Two different Thermochemical situations:

Calorimerry
add something hor 10 something cold

hear lost by the hor = hear gained by the cold

Hess’s Law
Forming chemical bonds releases enerqy.
Breaking chemical bonds reouires energy.
Add up all The energies 1o Ger

the hear of reacrion, AH_.

Calorimerry

CAloRIiMETER — A CONTAINER THAT TRApS heat

Put A known mass of water in The calorimerer,
Add something hot, and measure heat gain by
The TemperaTure iNcrRease of The waTer

AccounTing for heat enerqy

The toral amount of hear added is eoual 1o The amounT of
hear aAbsorbed by The water plus The amount of hear
Absorbed by The cAlORIMETER: 0,44y = Opuiren T Ocalorimeren
The amount of heat absorbed by The warter is eoual To The
mass of The water Times The change iN TEMPERATURE TimEes
its specific heat capaciry: =m, xc, x AT¢

Owarer

The amount of hear absorbed by The calorimerer
is eoual 1o its heat capacirty Times The change iN

TEMPERATURE: 0. = C X AT




Specific hear capacirty

The amounT of hear it Takes 1o raise 1 gram of
A substance by 1 degree C

Units are J/gK
c

subscript

A word on heaT capaciTies

SPECIFIC HEAT CAPACITY is AN iNTENSIVE
property. Specific hear capaciry Tells how
much hear (in Joules) is reouired To raise The
TEMpPERATURE of onve gram of The substance by
one Kelvin.

HEAT CAPACITY is AN ExTensive

property. It TaAkes iNTO Account
how much mass you have.

Lots o’ Variables!

Oromal = Owarer + O calorimeren

Oromal = (MC x Cs x ATC) + (CCAl x ATC)
Hear added = —(m,; X ¢, X AT},)

Combine ’em all in oNE eouaTiON

ANd you GeT...




...A VERY useful equaTion

Oromal = Owarer + O calorimeren

—(My X ¢y X ATy) = (m,, X ¢, X AT¢) + (Cy > AT)

cal

AT = TﬁNAl =T

iniTial

ATC = TM - TC (always positive)
ATH = TM - TH (always NegaTive)

This week in lab

We will measure The amount of hear given off by
70 ml of hor water, by some chunks of hor
meral, and by Two chemical reactions

Mg + 2H* — Mqg?* + H, + hear
MgO + 2H" — Mg2* + H,0 + hear

WE’'ll do all These reacTions in A

coffee cup calorimerer.

The basic operation of calorimeTry

- StarT WiTh A known mass of a solution in The
cAloRriMETER.

- Drop in someThing hoT, OR START A ReAcTiON
THAT GeneraTes hear.

- Close The calorimerer and measure The
iNCREASE iN TEMPERATURE As HEeaT is generaTed.

- Keep measuring The TEmpeRATURE

unTil it finally levels our.




FAIR WARNING

You will be collecting lots and loTs o’ data
points, but There Are No Tables in The lab
manual For all This dara.

ALl time aANd TemperATURE dATA GETS Recorded
directly into The lab NnoTebook. Any loose
sheers of dara belong 10 me, and

YOU CAN START OVER.

Part ONe:
Add hot waTter 10 cold

70 mL of cold warer (7°C). Add 70 mL of hor
water (77°C). Final Temp should be

(75 + %) + 2 = 40°C

Bur the final Temp will actually be lower
Than That because The cup iTself
will absorb a litrle bit of The hear.

Hear Capacity

We will use The data in part 1 1o calculate The
hear capacity of the cup, in units of J/K. This
will Tell us how many Joules of heat The cup
absorbs for every K (or degree C) the cup
heats up.

—(my * ¢y X ATy) = (m,, * ¢, X AT¢) + (OX AT¢)




ParT 2
Unknown MeTal

We will derermine The identity of an unknown
meral by calculating its specific hear
CAPpACiTY.

—(my XQX ATy) = (m¢ X ¢, x AT¢) + (Cg, * AT)

UNknowN summaRry sheer

Specific heat capacity of your unknown meral
aNd The identity of your metal.

Observations Are valid data. Whar does your
meral look like? Is it magneric? WHar is its
densiTty?

Parts 7 and 4

The reacrions of magnesium and magnesium oxide
with HCL. Mix these continuously, especially
the MGO.

IMPORTANT: Use 2.0M HCIl 1o react with
the Mg meral (Part 7). Use 6.0M HCl 10

react with the MgO (Part 4).

HCL in The hood is 6.0 M.




Parts 7 and 4

Calculate how much hear is given off by The reacrion:
(m, x ¢, x ATg) + (Cgy X AT¢)

Divide The hear added by the moles of Mg or MO
used 10 ger AH in J/mole

Making graphs in Excel

You'll have a Toral of 7 graphs (2 for Part 1,
aNd 1 each for parts 2, 3, and 4).

You will use The graphs 10 deTermine AT,.

You can draw lines on The graphs yourself or
have Excel do it for you.

Ger it righT The firsT TimE

1) Start recording Temps before starting The
REACTION

2) Cover and swirl immediartely!

%) Conrinue Recording Temps on The same
Timeline Throughout The experimenT.

ep Taking TemperaTure Readings

unTil The Temp is consTanT or declining




Working with A parRTNER

Put youR pARTNER’s NAME ON everyThing, bur
TURN iN YOUR OWN REpORT, WiTh your own
Graphs ANd YOuR owN UNKNOWN summaRy
sheer.

Some Fatherly Advice

StART The RepoORT eArly

Don’t wairt unTil all The TA office hours
have passed before you start on this.

The calculations are NoT hard, but
sTudents have more QuesTions on This




The Post-Lab

One calculaTtion of specific heat capaciry.
Two calorimetry problems.
Two Hess’s Law problems.

No parTial credit this Time!
Therg is A hint sheer on The Freebies page.

4 Everybody et A 10 on This!

Next Week’s Quiz

* Know The calorimetry eouaTtion
* Be able To do Hess’s Law problems
* Know The definitions of The Terms
we'Re using This week:
heat capacity, specific hear capaciry,
enthalpy of formarTion,

staNdard state, Hess's Law




