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6 « Energy and Chemical Reactions N

HESS’S LAW CALCULATIONS
The enthalpy of the reactants, Hcacianis and the enthalpy of the products, Hproquers depend on the bonding of the

reactants and products. .. nothing else. So, the AH;eac(ion Only depends on the initial and final state of the
reaction, not how you got from one state to another state. It is called a “state function”.

Practically speaking, if we can find several equations that “add up” to the equation we want, the AH
will add up to the overall AH. This is called Hess’s Law.

reactions

Heats of Formation: Write the formation equations for the following. [See Table 6.2 on page 270 of text.]

Compound Formation Equation AH; (kJ-mol ™)
CHa(g) C(s) + 2Hx(g) — CHy(g) -74.8
H,0(1) Hy @) * 10wg) —> HiO) -285.8
H>O(g) Hoce) # 2 Dz¢q) — H“'Ofd ) -241.8
COs(g) C) + Crtg) — COy¢q) 393.5
CoHe(g) AC¢sy + 3Hacqgy — Gy -84.7
C3Hs(g) 3Ce«) + 4 Haesy — CiHgey) 277

CsHio(g) 4C¢s) + s Ha¢ ;1) —= Cyllio (4) -125.6

Example in class:
Calculate the AHcompustion for CHa:

CHa(g) + 20,(g) = COy(g) + 2H,0(g)

Chy —> Q + 242 -(~14.8) 148
Q]+ 0O —» Cor — A0 5 -ii;;v
wq_ + Oz —2 < L(z.Dca) 32(—2‘1( .3) —802:-3

oo
a) Calculate the heat of combustion, AHcombustions fOr ethane, C,He(g)

C‘Lu'(p "'Jioz —= 2C0, + 5"(10(3)

Cytlyy—% TE & L —(-841) 841

ZZLQ* 20, — 2¢h 2(-343.5 ) -1¥

3Hy + 20, —> 3HO 3 (-241.8 )- 1254
o B 7 .

~(421.7

e



b) Calculate the energy for the reaction between nitrogen and oxygen to form nitrogen dioxide:

2NO(g) + 0x(g) = 2NO5(E) covvrvvrrrrernnee AH=?
Use these two reactions:
EP No(8) + O0(8) —% ZNO(RY civusorssisssssssssissssisssnssissintisiisssnsersssossrs AH =
2 BT TP S o S —— AH = 68 kJ
2W0 P e+ OF - 1903
c) Notice that we do the same thing each time.

If a compound is a reactant...
what do you do to the equation? ¥Yevevse | 4 What do you do to the AH;? d\aug,g 50'7‘*

If a compound has a coefficient of 3...
what do you do to the equation? YWAS b‘;; 3 Whatdo you do to the AH;? X 3
Vv

Write the “shortcut version™ of Hess’s Law (when using Hy's):

AHn = Z Dl Paoducts — ST AHp BBATTANTS

de

Z: 2 S

(9

Compound AH; (kJ-mol™)
H,0(2) 2418
COx(g) -393.5

C:Hio(g) 125.6

c) Use this shortcut to calculate the AHcompusiion Of butane, CsHjo(g).
ch’;o *’%OL —— ‘(COL + S”‘IO

:‘1(&4;, coz_) -:'VS\:\(B“_(_ H-zb) - b“,@ Cu Heo
- 4(-243.5) + s(-24L.8) — (- 125.6)
= & hLITY k5 mel

d) The heat of combustion of propane, C3Hg , is -2220 kJ-mol ™.
Set up the shortcut for the calculation of the AHcompustion OF propane.
Use this information to calculate the AH; of C3Hs.

CoHe + SO2 —> 300« H O
bquQ;u.ﬂm.o - 3(% COL) + ‘((u"; l’("LO) i @4—(— C3H6)

“1220 k3 = }(sa3s) + q(-2418) — ¥
& 5(_,;;‘55) 4 Q(-—Z‘U- 5) + 'L?»LO
) ; -11%0.5 - Q.1 ¥1110 = ’I_Z.} k3 [msf
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