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Hess’s Law

On going from a particular set of reactants to a
particular set of products, the change in enthalpy is the
same whether the reaction takes place in one step or in
a series of steps.

N,(g) + 20,(g) = 2NO, (g) AH; =777K]

N,(g) + 0,(g) » 2NO (g) AH, = 180K]
2NO(g) + 0,(g) = 2NO, (g) AH; = —112K]



Factors affecting A .H®

" quantities of reactants and products.
" physical state of reactants and products

H,0(g) - H,(g) + 1/, 0,(g) AH = 241.8K]

H,0(1) - H,(g) + 1/, 0,(g) AH = 285.8K

" [f a reaction is reversed, the sign of AH is also
reversed.

= |[f the coefficients in a balanced reaction are
multiplied by a factor, the value of AH is multiplied
by the same factor.




Consider the complete combustion of ethanol:

C,HsOH(l) + 30,(g) —» 2C0,(g) + 3H,0(1) AH°® =777

r

Knowing that

2C(graphite) + 3H,(g) + 1/, 05(g) > C,HsOH(l) AHE = —277.7k]
C(graphite) + 0,(g) - CO,(g) AH{ = —393.5K]
1
Ha(g) +50,(g) > H,0() AHP = —2828K

Reverse the first equation and the sign of AH

1
C,H:OH(l) - 2C(graphite) + 3H,(g) + EOZ(g) AHP = 277.7K]



C,HsOH(I) - 2C(graphite) + 3H,(g) + 1/, 0,(g) AHP = 277.7k]
C(graphite) + 0,(g) » CO,(g) AHf = —393.5K] X 2

1
H,(g) + Eoz(g) - H,0(1) AH? = —282.8K] X3

C,HsOH() + 30,(g) - 2C0,(g) + 3H,0(1) A H°® =7777

r

AH® = (1)277.7 — (2)393.5 — (3)282.8

= —21357.7 K]



How much heat is required to decompose calcium carbonate
to calcium oxide and carbon dioxide?

Knowing that AH®; (kJ/mol) of CaCO, (s) =—1207.1, CaO0 (s) =
—635.5, CO, (g) =—393.5

Ca CO3(s) — CaO(s) + CO,(g) AH°=7?7K]

ArHO — Z VAngl — 2 VAfHI%

products reac tan ts

A HC = (—635.5 — 393.5) — (—1207.1) = +178.1 K]



Alternatively

Ca (s) + C(s) + 3/, 0, (g) - CaCO5(s) AHf = —1207.1k]

Ca(s) + 1/2 0,(g) — Ca0(s) AHf = —635.5K]
C (s) + 0,(g) —» CO,(g) AH? = —393.5K]

Ca CO3(s) —» CaO(s) + CO,(g) A H° =7?7K]

Ca CO5(s) — Qa () +C £5) + 3/2 0, (g) AH? = +1207.1K]
Ca (s) + 1/202(g) — Ca0(s) AH® = —635.5 k]
)i () + Oz(g) — C0,(g) AH? = —393.5K]
AH® = (1207.1) + (—635.5) + (=393.5) —= +178.1 K]



Calculate the enthalpy change of formation of methane
from solid carbon and hydrogen gas using

C (s) + 0,(g) = CO,(g) AH? = —393.5k]
Ha(g) + 1/, 0, (8) » Ho0(D) AHP = —285.8 K
CH,(g) + 20,(g) = CO,(g) + 2H,0(1) AH? = —890.3 k]

C (s) + 2H,(g) » CH,(g)AH® =277 K]




C (s) + 92(8) - CQz(g) AHf = —393.5K]
ZHZ(g) + ()2 (g) — ZH,ZO(I) AHf = —571.6 K]

cqz (g) + 2H,0(1) - CH4(g) + 2(3 ,(g)AHf = 890.3 k]

—

C (s) + 2H,(g) » CH,(g)AH® =277 K]

AH® = (—393.5) + (=571.6) + (890.3) —= —74.8 K]



Significance of knowing A H°

® I[dentifying the direction of heat transfer.

® At room temperature, most exothermic
reactions are product-favored.

® The heat of combustion of fuels can be calculated

® Taking precautions to prevent exothermic
reactions from over-heating and possible
damages when reactions are carried out on a
large scale.
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