THERMOCHEMISTRY: EXERCISES

1. The main process in the production of the sufuric acid (contact method)
is the catalytic oxidation of sulfur dioxide at a temperature of 400 °C

2S0, (g) +0, (g0 - SO, (@) ; AH =-198.2 kJ

a) How much heat is released in the oxidation of 74.6 g of sulfur dioxide at
constant pressure?

b) Predict the change in entropy

c) Explain why an decrease in temperature will favor the spontaneity of
the process

Molar mass: sulfur dioxide = 64 g /mol

2. Let’s suppose that gasoline is pure octane, Cg Hjs.

a) Write the balanced equation of the combustion of gasoline

b) Determine the heat released (in kJ) when 40 kg of gasoline are burned.
c) Determine the mass of CO,, in kilograms, produced in that combustion

Atomic weights: C=12; O=16. Formation enthalpies:
H,0O (g)=-242 kJ/mol; CO, (g)=-394 kJ/mol; CgHs (I)=-250 kJ/mol

3. Benzene liquid, CgHg, can be obtained at p=15 atm and T=25 °C from
acetylene, C;H,, as expressed in this non-balanced equation:

CH, (99 > CH;, (D
The enthalpy change of the process is —631 kJ/mol. Determine:

a) The molar enthalpy of the combustion reaction of CgHe (I) from the
molar enthalpy of combustion of acetylene, which is —1302.1 kJ/mol

b) The volume of acetylene, at 25 ©C and 0.5 atm, needed to obtain 0.25 L
of benzene

R = 0.082 atm.L/K.mol. Density of benzene=0.95 kg/L
Atomic weights: C=12, 0=16, H=1
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4. Ethane can be produced by hydrogenation of ethene:
CH, (9) +H, (9) > CHs (9)

From the following values

CoHa (@) H> (9) CoHs (@)
AH?  (kJ/mol) 52.3 - -84.9
s° (J/K.mol) 209 130.6 229

determine the enthalpy and entropy changes for the reaction and
determine if the reaction is spontaneous at 25 °C

5. The combustion of acetylene, C,H, (g) produces carbon dioxide and
water

a) Describe the chemical equation
b) Determine then molar enthalpy change of the combustion of acetylene
and the heat released when 1 kg of acetylene is burned

Standard formation enthalpies: acetylene=+223.75 kJ/mol;
carbon dioxide (g) = -393.5 kJ/mol; water (g) = -241.8 kJ/mol
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SOLUTIONS TO THE PROBLEMS

@ P H 2 mol 502_ Glug S0, . ? “

Qp=AH= —145.5 KT ... heat released at
constaut pressure

® Al reactants and productd aze gases but

the atoms (matter) are more "ordered" packed in
the molecules of products. There fore,

) prod < S react

AS = Sprod- Sceack €0 ... prediction: the change in
entropy (8 negakive

© Accorde to the prediction made

AG
A slope = -45 Decrease tn T favors
[ eosimive spoutauneity because
SSE AG is wmone wegatwe
> T (v that direction

/ Ty AGY
AH ¢

NEGATNE VAWE
(exoTHERMIC)

@@ The balawced eqULcd:fouL
Cghig + 125 0, — 8Co, + 4 HZ{)

M omb (octane) = €« ﬂ“f (€0) + 4 x An7 (y0) — m? (CgHyp)

M omb (octave) = - 3152 KT — 2478 kT +250KT

OM comb (octane) = - 5080 K /mol| cgh g

M (octavne) = (8x12) + (18x4) = 14 9/mol

AH = 40000 g x I wol o (-50% £3) = - 118« 106 kT

© Hhg 1 wwol
mM(C0,) = 4o 0009 Cgh,g x A mol BHg 8 wol €02 | LH9C0; L
MUg GHy  1wmolGHiz  Awel €0, 10009
= 123.5 Kg CO,
M (€)= 12+ (2x16) =4l 3/,
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3 @ Applying Hess's Law
CeHg () ——— 2 GH, (9) A= 634 kT

3 (QH2(8) +15 0,(g) - 6 (O, (9) + 30,0 M=— 39063 €3

CeHe (£) + 7.5 0,(9) — 6 €O, (g9)+3W,0 LU =-3535)

® Frowr this balauwced ecy(u.a.i:(om_
3 GHy (9) — Cohg ()

M (CHe) =025 « 293 _ 2375 g benzene
1L

N (GH) = 2375 g g x 322 2He _ g 19 ol 0, are
tlgs CeHe needed
M (GHg) = (6x12)+ (6 x1)= 78 9/mol

AppUﬁ\Aﬁ the 3emeral eq.u.c.t,l'_lbm. o{ gaies:
PV=nRT — vy = NRT _ 4.3 wol x 0.082 "y gl x 298K _

P 0.5 abmt
= 446.2 L ("2]-{2 (9) are needed

@ enthalpy change 9
0 o 0 —
My = AOHF (GHE) — AU( (GHL) — AU (W,) = —137.2 kT (exobhermic)
€utropy clhrange

(the systewa
Aﬁu = 50 (CzHe) - 50 (CZH;,) — So (“2) = -40.6 _‘T/K becom:’\eﬁ wLoe

ozdezed)
Spou.)ca.me,ilzﬂ at 25°C

AG = AH-TxAS = — 137200 T + 440.6 > x 298 K = —loy 241 T

AG <0 — the neackiow is Spom.tcxmeouﬁ ak 25°C
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@ @ The chemical equatiow (balawced):
G2H2(9) + 25 0,(9) — 2 €0, (g) + W0 (9)

® The molar enthalpy change of comtbustion
of acetylene

AH, (GH) = 2« Anf (€05 = AH: (H,0) — OH f (GH,)

e CGH) = - 787 KT — 2.8 KT — 22375 KT = - 1252.55 J

M, (GH,) = - 1252.55 ¥ /mol

Heat whew 1Kg of GHh, is burned
M CGHL) = (2x12) + (Z2x4) = 26 ¥/mol

~1252,55 K3 < A waol G,

QP-"'-AH = Joo0 9 CZHZ %
1 wiol GH, 26 9 GA,

QRp=AOH = _ 48175 kT
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