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Calculating Heats of Reaction

o Warm-up Activity

e Video

e Hess's Law

» Standard Heats of Formation
* Activity

« Exit ticket

Tomorrow we will review section 17.3 & 17.4

Today: Extra help @ lunch, Independent Study help -
sign up sheet

Feb 15-12:59 PM
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Questions for practice:

[
= Questions 32, 33 — page 531

Also, calculate the standard heat of reaction for the
following reaction:

2S02(g) + O2(g) — 2SO0g3(g)

= Questions 34 — 37 — page 532

Mar 20-11:22 AM

p 531
#32
a) Bry(g) ——Br, ()

AH; Br, = 30.91 kJ/mol
AHe Br, = 0 kd/mol
AH° = AH? (products) — AH;° (reactants)

=0-30.91 kJ
=3.091 x 10" kJ

Oct 2-8:36 AM
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b) CaCO4(s) CaO(s) + CO,(g)
AH: CaCO4(s)= -1207.0 kd/mol
AHe CaO(s) = -635.1 kJ/mol
AH: CO,(g)= -393.5 kJ/mol
AH° = AH? (products)— AH,° (reactants)
( @36 l“%« T '%3%

(s

Oct 2-9:05 AM

C) 2NO (g) + O(9) 2NO,(g)

AH° = AH_ (products) — AH;° (reactants)

I\[O 4}‘ €. 3_7443)14\»\
6& 5\,& p O

Oct 2-9:06 AM
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250,(g] +E1'1[§]—115-D}|(g}|

AH: SO,(g)= kd/mol
AH? O,(g)= 0 kd/mol

AH: SO,(g)= kd/mol

Mar 20-11:23 AM

Answers

32.a.-3.001x10'KJ
b. 1.784x 102 kJ
c.—1.130x 102k

33. COis a compound and not an ele-
ment in its standard state.

Practice Problems Plus L2
Calculate the standard heat of reac-

tion for the following reaction:
250,(g) + O5(g) —» 2505(g) (-197.8kJ)

Mar 20-11:23 AM
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34, (3 Key Concept What are two ways that the heat

of reaction can be determined when it cannot be
directly measured?

34. Use Hess's law of heat summation or use{
standard heats of formation.

Mar 20-11:25 AM

35. Calculate the enthalpy change (AH) in k] for the
following reaction.

2Al(s) + Fey03(s) —— 2Fe(s) + Al,O3(s)

Use the enthalpy changes for the combustion of
aluminum and iron:

2Al(s) + 30,(g) —> ALO,(s) AH = —1669.8 k]
2Fe(s) + 20,(g) —— Fe,O,(s) AH = —824.2k]

Oct 2-9:05 PM



hess's law.notebook March 21, 2018

36. What is the formul for calculating the standard
hedt of reaction?

AH® =AH: (products)-AH;" (reactants)

Mar 20-11:25 AM

37. What is the standard heat of reaction (AH") for
the decomposition of hydrogen peroxide?

2ZHp05(l) —— ZH,00(1) + Oz(@

AHe H,0,(g)=— [$] & kJ/mol
aHe H0()= 236 Kuimol

AH? O4(9)= @ kd/mol

AH® =AH; (products)—-AH; (reactants)

Mar 20-11:26 AM
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1. Calculate AH for the reaction C>Hs (g) ~ H (g) — CsHg (g), from the following data.

CaH; (g) +3 02 (g) > 2 CO; (g) + 2 O (1) AH = -1411. kJ/mole
CoHg (2)+7202(g) > 2C02(g) +3H0 () AH = -1560. kl/mole
Hs (g) + 1/2 02 (g) = H0 (1) AH = -285.8 kJ/mole

(CH ) 3 OtgT —2C 2g +2HM-1411 kJ/mol
;/C/g) + 3y{o/ 5 ' 3 1/2}2(/§J)I-|—1560kJ/mol

(9) +/1)20, —>  HO- H=285.8 kJ/mol

-136.8 kJ

Oct 2-8:49 PM

2. Calculate AH for the reaction 4 NH; (g) + 5 Oz (2) = 4 NO (g) + 6 HO (g), from the
following data.

N (g) + 02 (g) > 2 NO (g) AH=-180.5kJ
Nz (g)+3 H (g) > 2 NH; (g) AH=-918kJ
2H; (g)+ 02 (g) = 2 H:0 (g) AH =-483 6 kJ

?Xguf(g/.—(% } =-180.5kJ
m W) +§/Z<gf —91ékJ

; 2H:Ag7 {2:(9))—€ H.00) =v-;1833.6kJ
/‘x
-1628.2 kd/mol

-1.63 x 10°kJ/mol

Oct 2-8:53 PM
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Mar 21-8:20 AM

Worksheet on Heat of Formation

SKMBT_50117100320200.pdf
2 and

Hess's Law
SKMBT_50117100320201.pdf

]

Oct 4-8:37 AM
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*Enthalpy Diagram

Feb 15-6:42 PM
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*Video Clip

Feb 15-6:43 PM

Hess's Law

Hess's Law allows us to determine the heat of reaction indirectly
so that we can measure enthalpy change for reactions that may
take place

Hess's Law of heat summation states that if you add 2 or
more thermochemical equations to give a final equation,
then you can also add the heats of reaction to give the
final heat of reaction.

*We can measure the heat of reaction of diamond to graphite indirectly using known
thermochemical equations and enthalpy data.

Feb 15-1:03 PM

10
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Let's Look at figure 17.13 on page 528 of your text

what does it tell us?

We can use those known thermochemical equations and enthalpy data
to determine the heat of reaction for:

Ce sdionady (. ; Sljwé“"“\
~RI5tRY R955KT
> — KT

Feb 15-1:47 PM

Example:
Determine the Heat of reaction for@+ O™ NOyq A Hi]
Using:
Flig 20,9 — 20 A H=495KJ
s "’P b 203g) =302 A H=-427KJ
2 ¢ NOg) + Os(g) - NO2(g) + O2(9) A H=-199 KJ

A)R0,,—> )¢ - -419K7
b>§0;(7’30§;§)(1\ gHHT L'L% < 4
Q) QMgy Ty — 20y TLIAA B
A09)* 09~ N7 @)

I\/O(o] ' O™ Noaan

~Yasky +ya7er + 3
Af=-117kT

Feb 15-4:11 PM

March 21, 2018

11
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Example:
Determine the Heat of reaction for@+ O™ NOyq A Hi]
Using:
Flip a0y — 20 A H=495KJ
f fifp b 2055 —304, A H=-427KJ
2 ¢ NO) + Os(g) s-NOs() + Oz(q) A H=-199 KJ

N20,—04., AH—-LH%KT
b>3@2 0 -2,02( DY 12713 q
Q) RMg, Qﬁs@) — zN(}UwZVZ(MH 2

N )7907) - 7?\107(0)\
NO(c] 0{7 — NO 9N

~YASKT +427k) T ~39% K
Af=-1717kT

Feb 15-4:11 PM

March 21, 2018

Hess's Law is also useful when reactions yield products in
addition to the product of interest

Example: Enthalpy change for the formation of CO from its elements.

Cisgrapite) * 1/2 Oz(g) ~ —eee—=—==C O AH =2

Using the following know thermochemical equations and enthalpy data we can determine the
heat of reaction for the above reaction:

a Cs graphite) + O2(q) » COyq A H=-3935KJ

b COy +1/2 O, > COyq A H=-283.0KJ

Feb 15-1:52 PM

12
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Standard Heats of Formation

The standard heat of formation of a compound is the change in
enthalpy that accompanies the formation of one mole of a
compound from its elements with all substances in their
standard states.

In order to compare enthalpy changes scientists specify a
common set of conditions to use as a reference point. The
common set of conditions is what we call standard state-
megning the substance is at 25 degrees Celsius and 101.3 kPa

Rable 17.4 on page 530 lists the standard heat of formation (
represented by H ) at 25 degrees Celsius and 101.3kPa.

H of a free element in its standard state is 0 ( as well as for the
graphite form of carbon (C s graphite)

Feb 15-2:08 PM

Standard Heat of Formation is an alternative to Hess's Law

For a reaction that occurs at standard conditions, you can calculate the heat of reaction by
using standard heats of formation (AH;’)

The enthalpy change is called the standard heat of reaction symbolized by A H°

The Standard Heat of Reaction is the difference between standard heats of formation of all
the reactants & products

A Ho = AHfo(products) - AHfO (reactants)

Feb 15-2:34 PM
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Example: Calculating the Standard Heat of Reaction

What is the standard heat of reaction ( A H°) for the reaction of COg, with Oy to form COyg

Remember:

AHO = AHfD (products) ~ AHfO (reactants)

l Clu T

1?@ (6\) Ol(j) 7l(oz (1)
m AHF Pwduits QLL
Z COM) ”0%&;)72) 2 (OZ('?\ 2)’3138

~ ~7¢719
02 N Ozoly[QT )

hﬁ A"Lr( e AH;(YPGGMK\
~T&10Ky~ (< 22UK])
M =cyokT

Feb 15-2:44 PM

What is the standard heat of reaction ( A H°)
for the decomposition of hydrogen peroxide?

2H,O5pp  ——  2H20() + Oy

Feb 15-7:16 PM
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ACTIVITY

- Your slip of paper tells you which group you are in (the # on the slip) and your role.

- As a group you will be given a reaction in which you have to determine the AH (heat of
reaction or enthalpy change) using the known thermochemical equations that will be given
to you.

-You will determine the AH and you will write each step on your chart paper, explaining in
words what you are doing at each step.

-At the end of the activity your group will present their chart paper, explaining how they
determined the AH to the rest of the class.

-You will have approximately 10 minutes to complete this activity.

-When | say Go, the person with the slip of paper that says "materials" on it will come up
and get a piece of chart paper, their problem and markers etc.

-2 groups can work out into the hallway (stay between the benches and Ms.Sherrards
room)

*C4U

Feb 15-4:21 PM

ROLES

Task Manager: Keeps the group on task and
focused on the activity.

Materials: Gets the chart paper, problem, and
markers.

Time Keeper: Keeps group aware of how much time
is left.

Recorder: Records the solution/steps on the chart
paper.

)
=
=

Presenter: Presents to the class their solution.

Feb 15-6:33 PM

15
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Expectations

Work quietly
Allow everyone to participate
Ask for you help if you need it

Your chart paper should:

Have group members names

Have the original reaction

The known thermochemical equations
and their enthalpies

Explanations in words at each step

Using both Hess's Law & Standard Heats of Formation
Given the following: ——

H,0, + CH4(g)
CO,q) + Hyy H20 , + CO, AH=41KJ

2. Write down one thing you learned today : )

Feb 15.4:32 PM
EXIT Ticket

1. Determine the A H for:

2H,0 + CH,, CO 5 + 4Hy

CO ¢ + 3Hyq AH= 206 KJ

Feb 15-4:37 PM

16
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EXIT Ticket

1. Determine the A H for:

2H,0( + CHy, CO 54 + 4H,
Using both Hess's Law & Standard Heats of Formation

Given the following; ———

H,O, + CH4(g) CO o * 3Hyy AH= 206 KJ
COZ(g) + H2(g) H20 (@) + Co(g) AH= 41 KJ

2. Write down one thing you learned today : )

Feb 15-4:37 PM

Feb 15-4:42 PM

17
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Honors Chemistry Name: K EY
Standard Heats of Formation

Heat of Formation Worksheet
Use a standard enthalpies of formation table to determine the change in enthalpy
for each of these reactions.

-42¢.7 -92.% -4i.0  -241.8
a) NaOH(s) + HCl(g) —-> NaCl(s) + H20(g)

AH= [-4it.0 +-24.8)Y] - D-H267 ¥ (-92.3)]

=132 B RT
b) 2 CO(g) + Ox(g) —>2 C02(g)
-1h0.5 s -243
« [(2.-292. 5)] r (’L .= 110.5) J
) CH4(g) T2 OOz(g) —> Cgizég)s +2 sz%(;s)
..‘Iq -
AOH a“ -343.5)+(2.-285.8)1 - [ P (78]
L2 = 890. 3RTT
d) 2 HzS(g) + 3 Oz(g) —> 200 +2 SOz(g) o
~20 ~285.8  -24¢ ) v - HZ3.6 KT

AH = E(z 2.85 &) +(% --296.4)]- L 2+ ~20.12 ._
D oD GO T AH: [2-3340- [2-90.43= ~H3. o kI

Compound AH; (kJ/mol)  Compound  OHr (kJ/mol)
CHa(g) -74.8 HCl{g) 92.3
COxg) 3935 H0() 2418
NaCls)  -411.0 $Ox(g) -296.1
H0(D) 2858 NHCls)  -315.4
H,S(2) -20.1 NO(g) +90.4
H:S504() -811.3 NOa(g) +33.9
MgS04(s) 12782 SnCL() -545.2
MnO(s) -384.9 S$nO(s) -286.2
MnO:(s) 519.7 Sn0:(s) -580.7
NaCl(s) 4110 SoM@ - 2961
NaF(s) -569.0 SOs(g) 13952
NaOH(s) -426.7 ZnO(s) -348.0
NHxg) -46.2 ZnS(s) 2029

Book Problems: 55, 57, 59, 60, 61, 62, you will need to use the AH values on the table in
the back of the text.
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Hmw Loy Practice Fioblema

@ %ZHQ (ﬁ) + {aCIZ(f) —> 26613(9)'}’ (OHCE(ﬁ)

i HpBOs gy + 3PNy > BClagy ¥ 0, AH= 12 S K]
E) H{a(ﬁ) + (a)//é( 1y —> 2%@05(9) + /H/(ﬁ) AH = -493 5k

b b
v ¥ X—»_C} Mue AH = -92.2k
b %(3) 2(9y > (4) 2> J

.82..“(&(3) + C’C)zw —> 2&Cl5(9) + (oHCI(g, AR =13T76 1} K

@ ZO 2(3) r ZS(_{») — 502(9) + Sr’-}(g)

3
, A S e |
A OE (9) + )'L{é (1) =7 2(g) + 2)7*/‘4(9} AR = -%ﬁ%.&?kj

e
E LN,

L,I;’M/F(g) t S02¢9) =10 + 2040, AN = 827.5 K

»;2 6(5) Jr;j%(ﬁ) —> ;560266) AH e “?:jfé?q kJ

— 6&1-%(9) + 25)02(3} AH: “‘5]‘:}‘5@

Qog_(ﬁ) Y A5,

\

XD
\‘5&
D Y

A





"\PZHL@(I) + 2H O(g) —> Nz.(y + 4){20“)

r\] Hq'(i) +/@£(9) - 2_(3) + ZH O(” AH = —GZZ.?;kJ

2H,0, () ‘“>2/1’k2(9) ‘5’9@3_(9) AH = 137 & K}
W 2.
| oy | o
9»/!'%2(9) T %%(ﬁ) ~>§;H20(i) L 28;’:; © KJ

NgHypy v 28,0,y = Nzrg) + 4H,0¢, AH= - 818, 3 K]

@ HO!O(ﬁ) t Q?C}ngﬁ — ‘OCIBTDO(g)

/R;an (5) = Nyfey + 5/9/(9) AH = t2907.2 K]

@?C‘s(g) - T"%@ P Ch, AR TRhZK

’?eii,ss

O 4 z{} .
/P/Q/EB(QX + \1’%%(3) - C}b"PO(S) AH = — 28571 k‘J

W A0

e i/ S z - ' k .
M?/{(ﬁ) v 220 %;i —> '%Z’P% [ﬁ\ ah 32%_4 J
| 3‘(&2 lz (g)

il
. = - LI0. 1 Kk
PiOug) + ¢TCs(q) = 0CI, PO AH -





2350, gy T 2TFsy T 5CI (gp > 250CH,, + ZFaCh, .,

P . | B4 = —10.3K

“ \ | -' AH = - 225 .7k
2Pz e 0 gy —>IPOCIs SRS
<l ' = -306.77k
2 Piey + C“z(gﬁ -->QP/C{§5 (1) AR X7 J

_!,-

e

26@2(9) + 50259) t 2V = 250cl, ay ¥ ZPOCh5 ()
AH= - iO%Zﬂ&kj

CB:H&(33 —> 2oy + %69)
o . AH = -292. 5 k
)%(5) +Z.»’§Oz_(3} ——>ij’02(5) v T /l
1 & A AR= - 2418 k)

C:Me gy ¥ 5026y = 3C0z) ¥ LPHZO@) AR = -2042.9 K
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