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Bond energies: Heats of formation:

CbC 348 kJ/mol COg() -394 kJ/mol
CbH 413 kJ/mol H,0() -242 kJ/mol
NBH 388 kJ/mol CaoHazq) -556 kJ/mol
OBH 463 kJ/mol C19H3402) -605 kJ/mol
CbO 360 kJ/mol

C=0 743 kJ/mol (in CO, 799 kJ/mol)

CBN 305 kJ/mol

1. Using average bond energies, estimate AH,y, for the formation of a peptide bond between two glycine
molecules.

The peptide bond is formed by a condensation reaction of two glycine molecules:
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Since most of the bonds remain intact in the course of this reaction, we can focus only on the bonds that
change from reactants to products in calculating AH,,. For example, the following bonds are broken in the
reactants: OBH, CBO, and NBPH. In the products, 3 bonds are formed: CBEN in the dipeptide and two OBPH
bonds in the water molecule.

Bonds broken (2 mol) (463 kJ/mol) + (1 mol) (388 kd/mol) + (1 mol) (360 kJ/mol) = 1211 kJ

Bonds formed (12 mol) (-305 kJ/mol) + (2 mol) (-463 kJ/mol) = -1231 kJ

AHpn = 1211 + (-1231) kJ = -20 kJ

2. Based on bond energy considerations, which of the following gases has the greater heat of combustion per
mole, methane, CHy, or formaldehyde, CH,O?

Combustion of methane: CHyg + 2 Oyg PBBEB> COyqg + 2 HyO(q
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In the combustion of methane, we are basically trading 4 CBH bond energies (413 kJ/mol) for the stronger
OBH bond energies (463 kJ/mol). In other words, more energy is released in forming 4 OPH bonds than is
used up in breaking 4 CbH bonds. Also, we are trading 2 O=0 bond energies (497 kJ/mol) for the
considerably stronger C=0 bond energies (799 kJ/mol).

Combustion of formaldehyde: CH,Oy + Oyq BPPBBD> COyq + H20(
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In the combustion of formaldehyde, we are trading only 2 CBH bond energies (413 kJ/mol) for the stronger
OBH bond energies (463 kJ/mol) and only 1 O=0 bond energy (495 kJ/mol) for the considerably stronger
C=0 bond energy (799 kJ/moal). The other conversion of C=0 in formaldehyde to C=0 in CO; is slightly
favorable (799 kJ/mol in CO, compared to 743 kJ/mol in formaldehyde), but not by much. So, the
combustion of formaldehyde should be far less favorable in terms of bond energy than the combustion of
methane. If we do the calculations, this is in fact what we see.

Combustion of methane:

AHppy = 2 Energies of bond breakage b > Energies of bond formation
AHn = (4 mol)(413 kJ/mol) + (2 mol)(497 kJ/mol) + (2 mol)(-799 kI/mol) + 4 (-463 kI/mol) = -804 kJI/mol

Combustion of formaldehyde:

AHypn =

(2 mol)(413 kJ/mol) + (1 mol)(743 kd/mol) + (1 mol)(497 kJ/mol) + (2 mol)(-799 kJI/mol) + 2 (-463 kJ/mol)
= -458 kJ/mol

3. (a) Are heats of fusion, ! Hysion, always endothermic or exothermic? Explain why. (b) Which fatty acid,
stearic acid or oleic acid, do you expect to have the larger heat of fusion? Support your prediction with a brief
explanation of the chemistry at the molecular level.

a) Heats of fusion, the enthalpy change that accompanies melting, are always endothermic. To convert
from the solid phase of a material to the liquid phase requires breaking up some of the intermolecular
forces (either dispersion forces, dipole-dipole interactions, or H-bonding interactions) that hold
neighboring molecules in the ordered array of the solid. Breaking some of these forces requires the
input of energy, so this is an endothermic process.

b) Stearic acid should have a higher heat of fusion as compared to oleic acid. The magnitude of the heat of
fusion increases as the strength of intermolecular forces between neighboring molecules increases.
The dominant intermolecular forces acting between molecules of either stearic acid or oleic acid are
dispersion forces, induced dipole-induced dipole interactions along the hydrocarbon chain. The long
chains on the saturated fat stearic acid molecules can pack together more efficiently to enhance the
dispersion forces acting between molecules. The long chains of oleic acid, on the other hand, have a
kink in them due to the cis- geometry around the double bond. Thus, the oleic acid molecules cannot
pack together as efficiently, and this weakens the dispersion forces acting between molecules.

4. Given the following reactions:
CO(g) + SiOZ(S) — SiO(g) + COz(g) AH° =520.9 kJ
8 COz(g) + Si3N4(S) — 3 SiOZ(S) +2 Nzo(g) +8 CO(g) AH° = 461.1 kJ
Calculate AH° for the following reaction:

5 COz(g) + Si3N4(S) — 3 SiO(g) +2 Nzo(g) +5 CO(g) AH® =?

3(CO(g) + Sl‘gggsg — SiO(g) + COz(g)) 3AH° = 3(520.9 kJ)
8 COz(g) + Si3N4(s) — 3%92659_4- 2 Nzo(g) +8 CO(g)) AH° =461.1 kJ

5 COz(g) + Si3N4(s) — 3 SiO(g) +2 Nzo(g) +5 CO(g) AH° = 2023.8 kJ



Although biodiesel is a renewable and generally cleaner-burning fuel than petroleum diesel, the heat content
of biodiesel is less than that of petroleum diesel. Both are complex mixtures of compounds. However for
the purposes of this problem assume that biodiesel is the methyl ester of linoleic acid (C19H3405), the main
component in soybean oil and that petroleum diesel is the hydrocarbon C,yH,4,. Using heats of formation,
calculate the heat contents (kJ/g) of each of these fuels.

Combustion of C19H3405:
CioHa02 () + 2, O, () PEEPB> 19 CO, ) + 17 H,0()
AHnn = ZAH; products B 2AH; reactants

AHn = (19 mol CO; ())(-394 kd/mol) + (17 mol H,04))(-242 kJ/mol) B (1 mol C19H340, ())(P605 kI/mol)

AHpn = B10995 kJ

Since this reaction corresponds to the combustion of 1 mol of C19H340,, then the heat of combustion
corresponds to ©10995 kJ/mol C19H3405.

1 mol

Heat content = (10995 kJ/mol)(294 ) = 37.3kJ/g

A note on the sign of the heat contentEg enerally these are listed as positive values since the definition of
the heat content is how much heat is released per gram of fuel.

Combustion of CyoHyz:

CooHaz gy + °, 0y () DEBED> 20 CO, () + 21 HyO(

AHnn = ZAH; products B 2AH; reactants

AH, = (20 mol CO; ())(-394 kJ/mol) + (21 mol H,0(y))(-242 kd/mol) B (1 mol CyoHa, () (0556 kJ/mol)
AHy, = B12406 kJ

Since this reaction corresponds to the combustion of 1 mol of C,oH4,, then the heat of combustion
corresponds to ©12406 kJ/mol CygHas.

1 mol

Heat content = (12406 kJ/mol)(282 ) ) = 43.9 kJ/g
g

Nitroglycerine, C3Hs(NOs3)3), a powerful explosive used in mining, detonates to produce a hot gaseous
mixture of nitrogen, water, carbon dioxide, and oxygen. (a) Write a balanced equation for this reaction using
the smallest whole number coefficients. (b) If AHx, = -5656 kJ for the equation as written in part a, calculate
the heat of formation for nitroglycerine.



403H5(N03)3(|) PbbPE> 6 Nz(g) + 10 Hzo(g) + 12 COz(g) + Oz(g)
AHyn = ZAH; products B ZAH; reactants

AHpn = -5656 kJ

= (6 mw + (10 mol)(AH; HzO(g) + (12 ol)(AH; COgg) + (W@) B (4 mol)(aH; CsHs(NO)ag)

Note that the heats of formation for N, and O, are defined to be zero.

-5656 kJ (10 mol)(-242 kJ/mol) + (12 mol)(-394 kI/mol) B (4 mol)(AH; C3Hs(NO3)3()

-5656 kJ

(-2420 kJ) + (-4728 kJ) D (4 mol)(AH; C3Hs(NO3)s()
(4 mol)(AH; CsHs(NOs)sg) = -1492 kJ

AH; 03H5(N03)3(|) = -373 kJ/mol



