Thermodynamic Lecture 6 Dr. Ali Salah Hasan

Thermochemistry
is the study of the heat energy associated with chemical reactions and/or
physical transformations. A reaction may release or absorb energy, and a phase
change may do the same, such as in melting and boiling. Thermochemistry
focuses on these energy changes, particularly on the system's energy exchange
with its surroundings.
Thermochemistry rests on fwo generalizations:

1. Lavoisier and Laplace's law (1780): The energy change accompanying any
transformation is equal and opposite to energy change accompanying the
reverse process.[2]

2. Hess' law (1840): The energy change accompanying any transformation is
the same whether the process occurs in one step or many.

. Goal: To predict AH for every reaction, even if it
cannot be carried out in the laboratory

The heat of reaction AH., is the AH for the isothermal
reaction at constant pressure.

e.g. Fe.Os(s, Tp) + 3Ha(g, T,p) = 2Fe(s, T,p) + 3H,0(1, T, p)
AH AT, p)=2H (T p)+3H, o (T.p) - 3H. (T p)~ Hep, (T, p)
[AH, = H(products)- H (reactants)]

We cannot know A values because enthalpy, like energy, is not
measured on an absolute scale. We can only measure differences in
enthalpy.

H(298.15K, 1 bar) =0 For every element in its most stable
form at 1 bar and 298.15K

H,(298.15k)=0
H, g opnne) (298.15K) = 0

e
<{graphite

e.g. } The "°" means 1 bar
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= AH (298.15K): We can now write reactions to form every

compound from its constituent atoms. The heat
of reaction is the heat of formation of 1 mole
of that compound from the constituent
elements in their most stable forms.

Example (let 7= 298.15 K)
+ Hz2 (9,71 bar) + 3 Brz (I, 7,1 bar) = HBr (g, 7,1 bar)

AH., = AH, (products) - AH, (reactants)
e 1,7 1, 5 . e
=AH; 15 (9.T) —Eﬂ"‘f';_% (9.7)- EM-';'B’* (L.T)=AH: 4 (9.T)

0 - elements in mast stable forms

We can calculate AAH. (T) for any reaction ( T= 298.15K).
e.g.
CHs (g, T,1 bar) + 20, (g, 7,1 bar) = CO, (g, 7,1 bar) + 2H,0(I, T, 1 bar)
. First decompose reactants into elements

. Second put elements together to form products

. Use Hess's law [A statement of the fact that
because H'is a function of state, we can add
AH's around paths.]

CH4 (9; T;:l bﬂr‘) = Cgraphite (S; Trl 'DCIP) + ZHZ(Q: T:P) A"'&

202 (g, T1 bar) = 20; (g, 7,1 bar) AHT
Cgmphira (sa 7-!1 bar‘) + OE (9'4 ?:1 'DGI"J = COZ (9; 7_:1 bﬂr') &’—/[II
2H;(g, T,p)+ Oz (g, 7.1 bar) = 2H;0(1, 7, 1 bar) AHhy

CH, (g, T,1 bar) + 20; (g, T,1 bar) = CO; (g, 7,1 bar) + 2H,0(/, T, 1 bar)
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QHPX = A/"G' +AH.’1‘: +ﬂ/—{ﬂ: + A"{—{IV

o ' F.CHy
AHy = Hy —H, =0
AHopr = Hop —H. — Hj, = AHﬁcoz
AH,, = 2}?@ - 2@2 - f?az = 2;}{:@

AH,, = 23“H;.H20 + i“L"C:.r:oz - AHJ‘O.CH‘

In general,

AH, =3 v,AH, (products) - v, AH,  (reactants)

v = stoichiometric coefficient

. AH at constant p and for reversible process is AH =g,

=  The heat of reaction is the heat flowing into the
reaction from the surroundings

If AH, <0, ¢,<0 heat flows from the reaction 1o
the surroundings (exothermic)

If AH,-0 g¢,-0 heat flows into the reaction from
the surroundings (endothermic)
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EX /
CsHg(g) + 5 0,5 (g)—— 3 CO,(g) +4 H,O (1)
Sol /

CsHg (@) — 3 C(graphite) + 4 Hy(9)

3 C(graphite) +3 0,(9)—> 3CO,(g)
4 Hy(g9) + 2 O5(9) — 4 H,0 ()

CsHg () + 5 0,(9)——> 3 CO,(g) + 4 H,0 ()

QH,MO = [(3 mol)(-393.5 kJ/mol) + (4 mol)(-285.8 kJ/mol)] - [(1 mol)(-103.85
kJ/mol) + (5 mel)(0 kJ)]

= [(-1180.5 kJ) + (-1143.2 k3)] - [(-103.85 KJ) + (0 kJ)]
= (-2323.7 kJ) - (-103.85 kJ)

= -2219.9 k]

3 C (graphite) + 4 Hy(g) + 505(g)

El ts
€) Decomposition SR
to elements
AH, = +103.85 k] @ Formation of 3 CO,
C3Hg(g) +505(g) AH,= —1181Kk]
Reactants
>
g
- t 3CO,(g) + 4 Hy(g) +205(g)
& AH;,,= —2220 k]
@ Formation of 4 H,O
/ \ AH;= —1143K]

} 3CO,(g) + 4 H0()
Products

Y
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Temperature dependence of A

oM
Recall ‘T
|\€ T.-’l'p P
I dH | =AC, = Z', 5 (products) _Z‘ , (reactants)

e.g.
CHs (g, T,1 bar) + 20; (g, 7,1 bar) = CO; (g, 7,1 bar) + 2H0(I, T, 1 bar)

AC, = C'me[g, T',lk:)t::lr‘]|+2(.':,le (f, T,1bar)— Pm(g T, 1bar)- ZCPQ(Q T, 1bar)

jltcm]dr AH(T.)~ AH(T)

-—_f
AL,

AH(T) = AH(T)+ [T

Especially simple when Ac, is T-independent



