HESS'S LAW OF HEAT SUMMATION

Enthalpy change of a reaction depends only on the reactants and products.

It is independent of the pathway or the intermediate steps.
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USING HESS' LAW ALGEBRAICALLY GIVEN OTHER REACTIONS

Determine enthalpy change for the reaction: H2O05=—==>H,0(, + 72074

given the following reactions:
(1) Hyg + Ogzq = Hy0y /\He= -188 kJ
(2) 2H2(g) + Oz(g) —lp 2H20(|) AH°= -572 kd
» Look at each compound in original equation.

« Notice that the H,O,is on the wrong side, therefore reverse order of reaction (1)
and multiply the enthalpy change by -1.

» Also notice that reaction (2) is in the correct order, but we need only 1 mole of water,
so divide reaction (2) by 2.

« Then add the 2 reactions together and determine the overall enthalpy change for the
required reaction.

(1) x -1 H202(|) _>H2(g) + Oz(g) AH0= +188 kJ

(2)+2  Hygy + %Oxg—H0 AHo= -286 kJ

HyOyy —H,0() + %0y /AHo= -98kJ



EXAMPLE: Calculate the enthalpy change for the reaction...

FeOi) + COg=———Fe, + COyq

Use the following reactions:

(1) FexOse + 3COq—> 2Fe) + 3COyq /A\He =-25kJ
(2) 3Fe;035 + COq=——>2Fe3045) + COyq  AH =-47 kJ

(3) Fe304(5) + CO(g) —p 3FeO(3) + COz(g) AHO = +38 kJ

EXAMPLE: Determine the enthalpy change for the reaction:
3NoF4p + 4CIF5q = 3Nyg + 12HF + 2Cly,
(1) 2CIF3g + 2NHgzg = Nyg + 6HF g + Clyg A He =-1196 kJ
(2) N2F4(|) + Oz(g) -_— Nz(g) + 2H20(|) A H0 = -622 kJ

(3)  4NHag+ 30s5— 2Ny + 6H:0, A o = 1530 kJ



Hess' Law Using Standard Molar Enthalpies of Formation
A) FORMATION REACTIONS

EXAMPLE: Hag + ¥205q=——=-H,0(, A\He = -241.8 kJ/mol
-- asubstance formed from its "elements in standard state"
-- the enthalpy of formation of an element in its standard state = ZERO.

-- standard conditions are 25°C and 100 kPa

ELEMENTS STANDARD STATE AHe
nitrogen Na2(g) 0
mercury Hag 0
carbon Ce) 0

-- use Table E.8 to determine Standard Enthalpies of Formation for compounds
(always expressed as 1 mole of compound)

VaNgq + 2Hyg  + V2Clygy=—>NH,Cls AHe =-314.4kJ

step 1: always 1 mole

step 2: balance (fractions okay)

step 3: look up in table

EXAMPLE: —— Na,CO3sy AHe=7?



Table 5.3 Selected Standard Molar Enthalpies of Formation

Compound AH% Formation equations

COg) -110.5 Cis) + 302(9 = COy)

COyg) —-393.5 Cs) + Oz(g) = COyg)

CHag) ~74.6 Cs) + 2Ha(g) = CHyg)

CH30H) —238.6 Cs) + 2Ha(g)+ 30235 — CH30Hy,
C2HsOHjy -277.6 2C(s)+ 3Hp(g)+ 30235 — C2Hs0Hy)
CeHae) +49.0 6C(s)+ 3Hz(g) — CgHp(g)

CeH1206(s) -1274.5 6Cs) + 6Hz(g) + 3021 — CsH1204(s)
H,0¢ -285.8 Hy+ 3029 — HzOy

H;0y -241.8 Ha+ 3029 — HzO

CaCly -795.4 Cagg) + Clyg) — CaClyg

CaCOg) -1206.9 Cag) + G+ 5039 — CaCOyyy
NaCl, -411.1 Nag,) + 3Clyg — NaCl,

HCl, -92.3 $Ho+ $Cly — HCl,

HClag) —167.5 3Ha + 3Clag — HCly)




B) CALCULATING ENTHALPY CHANGES (FOR CHEMICAL REACTIONS)

AHe = % (nAHe products) - X (nAHe reactants)

» determines enthalpy change of reaction, using table of enthalpies of formation (E.8)

EXAMPLE 1: CH4(g) + 202(9)_> COz(g) + 2H20(g)

e

using table: 1(-74.6 kJ)+ 20 kJ) 1 1(-393.5kJ) + 2(-241.8 kJ)

= -746kJ -393.5kdJ + —483.6 kJ

= -877.1kJ

A

products - reactants

-877.1 kJ - (-74.6 kJ)

-802.5 kJ

EXAMPLE 2: F6203(s) +3CO(9)—> 3C02(g) + 2Fe(s)



Table E.8 Standard Molar Enthalpies of Formation

AH AHY AH'

Substamce | (kJ/mol) | Substance | (kJfmol) | Substance | (kJfmol)
Al,Oy,,  |-1675.7|HBry ~36.3 | NHyy, —45.9
CaCl,,, |-1207.6{HCly, —02.3 |N,Hy, +50.6
CaClag, —705.4|HF _273.3 |[NH L, | -314.4
CalOHly,, | -985.2{HCNy +135.1 |[NH;NOq; | —365.6
CClye _128.2|H,0p —285.8 [NOy +01.3
CClyggy —05.7 [Hy0y —241.8 [NOyy +33.2
CHClyg ~134.1|HaOqp —187.8 [NyOy 1816
CHayg —746[HNOgq | -174.1 |[NaOag F11.1
CaHagg +227.4[HyPO,,) | -1284.4 |PHyy, +5.4
CaHagg +52.4|H,ySyy —20.6 [PClyy _287.0
CaHggg _84.0|H.S0y | —814.0 [Pi0gy | -2144.3
CaHagg _103.8|Feny,, _272.0 P40y |—2984.0
CeHg +40.1|Fes0xy | —824.2 |KBry, —303.8
CHyOHyy | —230.2|FesOy, | -1118.4 |KCly, _436.5
CoHsOHyy | —277.6|FeCly, | —341.8|KClO.,, | -397.7
CH,000H| —484.3|FeCly, | —399.5 |KOH, 4246
€Oy _110.5|FeSay, _178.2 |Ags00yy,, | —505.8
OOy _3035|PbCly,, | —350.4 |AgCly, _127.0
COClyg) _210.1|MgCly,, | —641.3 [AgNOy,, | —124.4
CSayr +89.0|Mg0y,, _B0L.6 | AgaSy _32.6
CSag +116.7 [Mg(OH) yp)| —924.5 |SFgyg —1220.5
CrClag, _556.5|HgS —58.2 |80 _206.8
CulNOglyy | -302.0|NaCl,, | —411.2 |80y —305.7
Culy,; _157.3|NaOH,, | -425.8(snCly,, | -325.1
CuCly, _137.2|NasC04y, [-1130.7 [SnClyy | —511.2
CuCly —220.1
Note: The enthalpy of formation of an element in its

standard state is defined as zero.




15. Mixing household cleansers can result in the production of hydrogen
chloride gas, HCl. Not only is this gas dangerous in its own right,
but it also reacts with oxygen to form chlorine gas and water vapour.
4HCl[g] + Og(g) — ZClz(g] + 2H;0g)

Determine the enthalpy change of this reaction, given the following
equations.

(1) Hz{g] + Clg(g] — ZHCl[g] AH® = -185 k]

(2) Hyg) + 705 — H,0y  AH' = -285.8 K]

(3) H,Og) — H2Op) AH® =-40.7 K]

16. Calculate the enthalpy change of the following reaction between
nitrogen gas and oxygen gas, given thermochemical equations

(1), (2), and (3).

2Ny(g) + 504(g) — 2N, 05y

(1) 2Hz(g) + Oz(g) = 2H20y) AH® = -572 k]
(2) N2Osg) + H2O) = 2ZHNO3) AH® =-77 K]

o

(3) 3Nz + 30y + 3Hyg — HNOyy  AH" =-174 K]

Practice Problems

17. Write a thermochemical equation for the formation of each
substance. Be sure to include the physical state of all the elements
and compounds in the equation. You can find the standard enthalpy
of formation of each substance in Appendix E.

(a) CHy (b) NaCl (c) MgO (d) CaCOg

20. Solid phosphorus is found in two forms: white phosphorus (P,)
and red phosphorus (P). White phosphorus is the standard state.

(a) The enthalpy of formation of red phosphorus is —17.6 kJ/mol. Write
a thermochemical equation for the formation of red phosphorus.

(b) 32.6 g of white phosphorus reacts to form red phosphorus. What is
the enthalpy change?

© © The standard molar enthalpy of formation of calcium carbonate is
—1207.6 kJ/mol. Calculate the enthalpy of formation of calcium oxide,

given the following equation.

CaOgg) + COz(g) — CaCO3) AH® =-178.1Kk]J
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