EXperiment 8
ThermochemisTry

CH 204 Fall 2009

DRr. BriaNn AndeRrsoN




Last week

Dilutions - BaAckward And ForwaRrd

Beer’s Law: A = ecl




ThermochemisTry

The study of HEAT in chemical reacrions.

Heat is produced and consumed in chemical
REACTIONS iN sToichiomeTRic AMOUNTS, jusT like
ANY OTHeR REACTANT OR pRroducT.




Thermochem iIn CH204

We look AT Two different Thermochemical siTuaTIONS:

CaloRiMETRY
Add something hot 10 something cold

hear lost by The hor = hear gained by the cold

3 [ XYY

\ Forming chemical bonds releases energy.

‘ Breaking chemical bonds ReQUIRES ENERGY.

A/ Add up all The energies 10 GeT

the heat of reaction, AH_, ..




CaloRiMETRY

CAloRIMETER — A CONTAINER THAT TRApS heaT

Put A knowN mass of waTeR iN The calorimeTeR,
Add something hot, ANd measure heaTt gain by
The TempeRATURE INCREASE Of THe wATER

N The calorimeTer iTself Also hearts up

P when something hor is added




AcCOUNTING foR HEAT ENERGY

The toral AmounT of hear added is eoual 1o The aAmount of
heat Absorbed by The water plus the amount of hear
Absorbed by The cAloRIMETER: 0,44,y = Ouarer T Cealorimeren

The amount of heat Absorbed by The water is eoual 1o The
mass of The waTer Times The cHANGE IN TEMPERATURE TIMES

iTs specific heat capacity:  o,,... = m, X ¢, X AT

r
|  The amounTt of heat aAbsorbed by The calorimeTer

is eoual 1o its heat capacity Times The change IN

TEMPERATURE: 0., = C.. X AT¢

vy




Specific hear capacity

The amounT of hear it Takes To rRAise 1T gram of
A substance by 1 degree C

Units ARe J/gK

C

subscripr




A word oN HeaT capAciTies

SPECIFIC HEAT CAPACITY is AN INTENSIVE
prROPERTY. Specific hear capacity 1ells how
much hear (in Joules) is Reouired To Raise THE
TEMPERATURE OfF onve Ggram of The substance by

oNE Kelvin.

HEAT CAPACITY is AN exTensive
PROPERTY. IT TAkes INTO ACCOUNT
how much mass you have.




Lots o’ VariaAbles!

oAddEd — OWATER + OCAloniMETER

0,aded = (Mc X ¢, X AT¢) + (C, x AT)

cal

Heat added = —(my X ¢y X ATY)

Combine "em All IN ONE EQUATION

ANd YOU GET...




...A VERY US€eful equaTioNn

oAddEd — OWATER + OCAloniMETER

—(My X ¢y X ATy) = (m, X ¢, X AT¢) + (C, * AT¢)

cal

AT =T, —T.

Final iNniTial

ATC — TM — TC (always posiTive)

ATH — TM — TH (always NEGATiVE)




This week INn lab

We will measure The amounT of hear given off by
70 ml of hot water, by some chunks of hor
meTal, aANd by Two chemical ReacTioNs

Mg + 2HCl — MqgCL, + H, + hear
MgO + 2HCLl — MqgCL, + H,0 + hear

d
i

[ Wiy WE'll do All These ReAcTIONS IN A

coffee cup calorimeTer.




The basic operaTtion of calorimeTry

- START WiTh A knowN mass of A solution IN THE
cAlORIMETER.

- Drop iN someThing hoT, OR START A REACTION
THAT generAaTes hear.

. Close The calorimeTer ANd MeasuRE THE

INCREASE IN TEMPERATURE AS HEAT is GENERATEA.

! [
i - Keep MeASURING THe TEMPERATURE

o S unTil it Finally Levels our.

¥
-




FAIR WARNING

You will be collecting lots And loTs o’ data
poinTs, but There ArRe No Tables in The lab
MANUAL for all This dara.

All Time ANd TemperATURE dATA GETS RECORdEed
directly inTo The lab NoTebook. Any loose
) sheers of data belong 10 Mg, And

l
YOU CAN START OVER.




PART ONE:
Add hot waTer 10O cold

720 mL of cold water (10°C). Add 720 mL of
hor water (70°C). Final Temp should be

(70 + 10) = 2 = 40°C

But the final Temp will actually be lower
« ¥ Than that because The cup iTself

JE /') will aAbsorb a little bit of The hear.




Hear Capacity

WEe will use the data in part 1 10 calculaTe The
hear capacity of the cup, iN units of J/K. This
will Tell us how many Joules of hear the cup
absorbs for every K (or degree C) the cup

hearts up.
(o X € X ATy) = (m, % ¢, ¥ ATg) + (C) AT)




PART 2
Unknown MeTal

We will determine The idenTity of AN UNKkNOWN
MeTAal by calculaTing iTs specific hear
CAPACITY.

~(my X(C)% ATy) = (mc * €, X ATg) + (C,y * AT()




IdenTifying Your Metal

Report The specific hear capacity of your
uNknowN MeTal and The idenTity of your meTal.

ObservaTions ARe valid data. Whar does your
meTal look like? Is it magnetic? Whar is iTs
density?




Parts 7 Aand 4

The reacTions of magNesium ANd maGNEsium oxide

with HCL. Mix these conTtinuvously, especially
the MgO.

IMPORTANT: Use 2.0 M HCL 10 react with
Tthe Mg metal (Part 7). Use 6.0 M HCl 710

! ReacT WiTh The MgO (ParT 4).

HCL iNn The hood i1s 6.0 M.




Parts 7 Aand 4

Calculate how much hear is given off by The reacrion:

© = (Ms X C, X ATC) + (CCAl X ATC)

Divide the hear added by the moles of Mg or MGO
used 10 geTr AH in J/mole




Making graphs in Excel

You’ll have A 1otal of 2 graphs (2 for Part 1,
ANd 1 each for parts 2, 7, 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.




GeT i1 RigHT The FiRST TIME

1) StarT RECORAING TEMpS before sTARTING THE
REACTION

2) Cover ANd swirl immediaTely!

%) ConTiNnue RECORAiING TEMPS ON THE sAME
Timeline ThroughouTt The experiment.

4) | EEP TAkiNG TEMpPERATURE REAINGS

‘o) unTil The Temp is consTANT OR declining




Working wiTh A pARTNER

Put YOUR pARTNER’S NAME ON everyThing, bur
TURN iN YOUR OWN REPORT, WiTh YOUR OwWN
GRrAphs.

You ArRe working wiTh A pArRTNER TO collect The
lab daTta, but you should sTill do the

WRiTe-up by yourself.




Some Fatherly Advice




START The RepORT eArly

Don’t wait unTil All The TA office hours
have passed before you starT on This.

The calculaTtions Are NoT hard, bur
students HAVE MORE QUESTIONS ON This

¢ lab reporT ThAN ON ANY oThER.




Next Week’s Quiz

* Be Able T0 do Hess’s Law problems

* No calorimeTry calculations, bur
uNdersTANd The concepts and
vocabulary




