Announcements Reaction work
Wednesday, October 28, 2009

Exam 2 is next Monday (Nov 2) covering chapters 4, 5, What if the system is a chemical reaction that gives off
or absorbs heat?

and 6 (thru today's lecture) e /km iransferred
n

AEn=q+w werl

eheff)'j
The most common work a chemical reaction does is
expanding gases against an exterior pressure
(pressure-volume work).

Ch 6 MasteringChemistry due NEXT Friday Nov 6. BUT
you should still do appropriate problems for exam
studying.

Thermochemistry lab report due a week from Monday
(Nov 9).

Combustion

w =-PAV

But usually we are mostly interested in the heat
exchanged with the surroundings

o work
If AV=0,w=0and AE, =qv (constant volume)

If P is constant, we can use a different state function
called enthalpy to only consider heat transferred.
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Constant-volume calorimetry Weqsurement of hoat

A bomb calorimeter is used to measure AEy,

The Bomb Calorimeter

Ignition

wire
Thermometer

‘Water

Tightly
sealed
“bomb”

Sample

oxeen iglh pressure
(’SO a‘\'m)
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AEyn = qt+w
w = -PAV
If AV =0, w =0 and AE, = gy (constant volume)

— e

= gis a measurable energy transfer for a certain
experimental process

= State functions like AE are more general - they're
given for a balanced chemical equation or per
mole of a substance

Geal = Ceal At (Cearis given)  haat capacity of Clovinctes

Qrxn = ~(cal Stqn chanqe
AErn = Qrxn /n  weles
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Constant-volume calorimetery

Gcal = Ceal At (Cealis given)
Qrxn = =(cal
AEyn = (qrxn) / n

2.14 g CsH1, is combusted in a bomb calorimeter and the
temperature rises from 25.50 °C to 41.23 °C. The heat
capacity of the calorimeter is 6.23 kJ/°C. What is AE for
the combustion of CsH1, in ki/mol?

At = 16.33% 97.2979 1y
et = (623 k3/)(16:33°%C) = oD

- - J
Texn = ~ 119979 K 2 inCat

AE = —13.9939 1214bs
0.0Webrg = L oUilbmel G,

= ~3-“sl X {0? lfJ-/ww[
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AH, Change in enthalpy

It's more convenient to do a reaction open to the
atmosphere, where pressure is constant.

—

The heat exchanged in a specific experiment is gp and
its related state function for a general process is
AH : change in enthalpy.

E——

Since AH only involves the heat given off or absorbed, it
has the same sign conventions as q:

Endothermic reaction: heat is transferred from
surroundings to system (inwards)  €eels ¢ald
) AH is: positive
w systewm

Exothermic reaction: heat is transferred from system
to surroundings (outwards) feelo ot

AH is: v;ﬁqh'./e

Surroundings

Hea =
Surroundings iy p PACK qm

Endothermic Exothermic
Copyright © 2008 Pearson Prentice Hall, Inc.
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Thermochemical equations

AHn is always given per a balanced chemical equation.
extensive rrofer*}\? : J)ﬂrzw:!s o M‘ of Substance

Thermochemical equation:

= balanced chemical equation

= thermochemical state function (AHxn)

= molar interpretation (coefficients = # moles)

for 2wel H2D

2 Hy(g) + 02(g) — 2 H,0(g); AHpxn =-483.7 k) for 2

- ol HO
°¢ 2 met He

How much heat (in kJ) is given off when 20.0 g H, react
with excess oxygen?

z"‘o‘szX | el H"x 437 K 3 l"Z.L{OKIDZ L3 1
2'°”"5Hz 2 wmel Ho
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Constant-pressure calorimetry

AHn can be measured using a constant-pressure
calorimeter

The Coffee-Cup Calorimeter

Thermometer

—— Glass stirrer

Cork lid (loose fitting)

Two nested
Styrofoam® cups
containing reactants
in solution

We assume all of the heat lost by the reaction is gained
by the solution (or vice-versa), and since there is a
varying amount of solution, we use its specific heat
capacity (Cs ors)

(4 (3/g.ec) () a1
Gsoin = (Msoln)(Cs,somn) (At) bwl .
xn = — Cs At eﬁf"'“' -
q wm Cq W 2ar —? qsqs = 75!4"7‘

If the reaction is made only of dilute solutions, you can
make these assumptions:
" Cs,soln = Cs,water =4.184 J/g°C

" Msolutions = Mwater [S mL Hca (Ai\
" dsolutions = 1 g/ml- 70 mt N,[)H(mn

i

W\g,lh = %9 3 Qsumed .
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Constant-pressure calorimetry problem

50.0 mL of 0.500 M H,SO4(aq) were added to 20.0 mL of
0.500 M NaOH in a coffee-cup calorimeter. The
temperature rose from 25.00 °C to 27.20 °C. Assume C; =
4.184 J/g°C. What is grxn in kJ?

e = (on)(tim1 4 22070 [L22)

[obD T
0Ssumed _ -~
A= lafwe = 0.L4433L )
Tren © = 0.64H433C K]

What is AHx, for the following balanced chemical equation?
H,S04(aq) + 2 NaOH(aq) — Na,S04(aq) + 2 H,0(/); AHyn =2

Find the limiting reactant (LR):

So.omL HpSo, o b, OSoomsithisoq Ll Nuadly | .19«4‘\,_«:r1
{voo mL e \ wol Htgﬂ(

m [L 0500wt NabH [ melWaelOy . ppg mil Nay$og

/:M"('Sﬂ') feactani

What is nir for the reaction that was performed? °=0;v";h

em wiil be groen

Grn on EXCWM

AH, i = coefficientir x
nRr

(2 wmal \(—o.w&z—sc k3 ) . [— |29 &I [

O-ol mo|
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