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Bond energies can be used to calculate enthalpy changes

Draw and annotate potential energy diagrams for exothermic and endothermic reactions. Identify
endothermic bond breaking, exothermic new bond formation, and the enthalpy change. Use the
energies of the bonds to write an expression for the enthalpy change.
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How much energy is released when 2 moles of hydrogen gas are mixed with 1 mole of fluorine gasin a
sealed container and allowed to react?
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Methane can be reacted with chlorine and fluorine to form freon-12, CCl,F,, hydrogen fluoride, and
hydrogen chloride. Calculate the enthalpy change for the reaction. P/
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' Section 5.3 Questions, page 313

1. (a) Solution:

Step 1: Use the balanced chemical equation to determine the bonding of each substance.
Ha(g) + Cla(g) — 2 HCl(g)

Step 2: Determine the number of moles of reactants and products, the number of moles
of bonds broken or formed, and the molar bond energy for each. Organize this
information in a table.

reactants | Ho 1 mol H-H bonds 1 mol 432 kJ/mol
Cl, 1 mol C1-Cl bonds 1 mol 239 kJ/mol
products | HCI 1 mol H-Cl bonds 2 mol 427 kJ/mol

Step 3: Calculate the enthalpy change, AH, of the reaction.

AH = 27’1 X Dbonds broken Z}’l X Dbonds formed
=1molxXDy,_,; +1molx D, _, —2molx D,

432 kJ 239kJ 427kJ

=|1 X——— |+| 1 X—— -2 X ——

(1wt oS e
=432 kJ+239 kJ -854 kJ '

AH =-183kJ

Statement: The AH for the reaction is —183 kJ.

(b) Solution:

Step 1: Use the balanced chemical equation to determine the bonding of each substance.

Na(g) + 3Ha(g) — 2 NHi(g)

Step 2: Determine the number of moles of reactants and products, the number of moles

of bonds broken or formed, and the molar bond energy for each. Organize this

information in a table

reaétahts ' N2 "H' 1 mol NEN boﬁds mo mo
H, 1 mol H-H bonds 3 mol 432 kJ/mol
products | NH; 3 mol N-H bonds 6 mol 391 kJ/mol

Step 3: Calculate the enthalpy change, AH, of the reaction.

AH = 2 nXx Dbonds broken z nXx Dbonds formed
=1molx D, +1molxD,_, —2 molxD,_,

(AL, 5 e 2R 21

=941 kJ +1296 kJ —2346 kJ
_ AH =-109 kJ
; Statement: The AH for the reaction is —109 kJ.

2. (a) Solution:
Step 1: Use the balanced chemical equation to determine the bonding of each substance.

HCN(g) + 2 Ha(g) — CH3NHx(g)
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Step 2: Determine the number of moles of reactants and products, the number of moles
of bonds broken or formed, and the molar bond energy for each. Organize this
information in a tabl

ubstance
reactants | HCN 1 mol C-H bonds 1 mol 413 kJ/mol
1 mol C=N bonds 1 mol 891 kJ/mol
H, 1 mol H-H bonds 2 mol 432 kJ/mol
products | CH3NH; 1 mol C-H bonds 3 mol 413 kJ/mol
2 mol C-N bonds 1 mol 305 kJ/mol
2 mol N-H bonds 2 mol 391 kJ/mol

Step 3: Calculate the enthalpy change, AH, of the reaction.

AH = 2 nXx Dbonds broken Zn X Dbonds formed
=1molxX D,y +1molxD._ +2 molxD, , —

(3 molx D,_yy +1molx Dy +2 molx Dy_)

:(1 mﬁx%}r[l mx%@)+[2 méfx%%ﬁ)_

[[3 MX%}F[] mﬁx%)+[2 méfx%iakiﬂ

=413 kJ +891 kJ + 864 kJ — (1239 kJ + 305 kJ + 782 k)

AH =-158k]J
Statement: The AH for the reaction is —158 kJ.
(b) Solution:

Step 1: Use the balanced chemical equation to determine the bonding of each substance.

N>Hq(g) + 2 F5(g) — Na(g) + 4 HF(g)

Step 2: Determine the number of moles of reactants and products, the number of moles
of bonds broken or formed, and the molar bond energy for each. Organize this
information in a

reactants | NoHy 4 mol N-H bonds 4 mol 391 kJ/mol
1 mol N-N bonds 1 mol 160 kJ/mol

F, 2 mol F-F bonds 2 mol 154 kJ/mol

products | N 1 mol N=N bonds 1 mol 941 kJ/mol
HF 1 mol H-F bonds 4 mol 565 kJ/mol
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Step 4: Calculate the enthalpy change, AH, of the reaction.

AH = Z nx Dbonds broken z nX ‘Dbonds formed
=12mol X D__,+12 molx D, -

(7 molx D, +5 molx D__.+5molx D, ,+7 molx D__, +6 mol x Do=o)
799 kJ 467 kJ 13 kJ 347kJ
=12m4><—————+12 0l x 7m/>< Smﬁx——————+
[ )ﬂd} ( }ﬂd] K }ﬂ/j [ mﬁ]

e

=9588 kJ +5604 kJ — (2891 kJ +1735 kJ +2335 kJ +2506 kJ + 2970 kJ)
AH =2755Kk]

Statement: The amount of energy the Sun provides to produce 1 mol of glucose is
estimated to be 2755 kJ.

11. Solution:

Step 1: Write a balanced chemical equation for the reaction.

2 CO(g) + Ox(g) — 2 COA(g)

Step 2: Determine the number of moles of reactants and products, the number of moles
of bonds broken or formed, and the molar bond energy for each. Organize this
information in a table

l eéc ants UVC 1 mol C=0 bonds mo 1072 kJ/mo
0 1 mol O=0 bonds 1 mol 495 kJ/mol
products | CO, 2 mol C=0 bonds 4 mol 799 kJ/mol

Step 3: Calculate the enthalpy change, AH, of the reaction.
AH = 2” X Dbonds broken 27’1 X Dbonds formed
=2 molX D, +1 molxDy_o—4 molxD._,

_ xlO72kJ 4 ><4951{.] _ ><7991<:J
(2l b 25 ) 2

=2144 kJ+495 k] -3196 kJ

AH =-557 k]

Statement: Since AH is negative, the reaction of carbon monoxide with oxygen to
produce carbon dioxide is an exothermic reaction.

12. (a) A balanced chemical equation for the reaction is:

COx(g) + H,0(1) — H,CO5(aq)

(b) Using Lewis structures, the reaction is represented as:
&0’

T * s I3 ue

OuCnQ + HIOH —>  H:0:C:0:H

co H,0 H,CO,

2
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(c) Solution:

Step 1: Use the Lewis structures to determine the bonding of each substance.

Step 2: Determine the number of moles of reactants and products, the number of moles
of bonds broken or formed, and the molar bond energy for each. Organize this

reactants | CO, 2 mol C=0 bonds 2 mol 799 kJ/mol
H,O 2 mol H-O bonds 2 mol 467 kJ/mol

products | HCOs3 1 mol C=0 bonds 1 mol 745 kJ/mol
2 mol C-O bonds 2 mol 358 kJ/mol

2 mol O-H bonds 2 mol 467 kl/mol

Step 3: Calculate the enthalpy change, AH, of the reactlon
AH Z nXx D bonds broken z nxD bonds formed

=2 molch=O+2}Qb</Dg—(l molx D._, +2 molxDC_O—!—M)
799 kJ 745 kJ 358 kJ
=2m6f><—————-—1m6f><-—~—————+2m6f><———}
et [ o o

=1598 kJ — (745 kJ + 716 kJ)

AH =137KJ
Statement: The energy required to convert 1 mol of carbon dioxide to 1 mol of carbonic

acidis 137 kJ.

13. (a) Solution:

Step 1: Write the equation that represents the complete combustion of propane.
CsHs(g) + 5 02(g) — 3 COa(g) + 4 HO(1)

Write the equation that represents the complete combustion of methane.

CHy(g) +2 O2(g) = COa(g) +2 H0(1)

Step 2: Determine the number of moles of reactants and products, the number of moles
of bonds broken or formed, and the molar bond energy for each. Organize this
1nfonnat10n in a table.

Com

reactants | C3Hg 8 mol C-H bonds 8 mol 413 kJ/mol
2 mol C~C bonds 2 mol 347 kJ/mol

0, 1 mol O=0 bonds 5 mol 495 kJ/mol

products | CO, 2 mol C=0 bonds 6 mol 799 kJ/mol
H,O 2 mol O—H bonds 8 mol 467 kJ/mol
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Combustion of methane:

reactants | CHy 4 mol C-H bonds 4 mol 413 kJ/mol
0, 1 mol O=0 bonds 2 mol 495 kJ/mol
products | CO, 2 mol C=0 bonds 2 mol 799 kJ/mol
H,O 2 mol H-O bonds 4 mol 467 kJ/mol

Step 3: Calculate the enthalpy change, AH, of each combustion reaction.
Combustion of propane:

AH = Zl’l X ‘Dbonds broken 2 nx Dbonds formed
=8 molxX D_,; +2 molxD._. +5molxD,_, —

6 molxD,_, +8 molxD,,_
C=0 H-O

413 kJ 347k] 495 kJ
=(8 méfx—;ﬁr—}(z m61’><——m—6f——J+[5 méfx—m—&-)—

[0 |

=3304 kI +694 kJ + 2475 kJ — (4794 kJ + 3736 kJ)

AH =-2057 kJ
Combustion of methane:
AH = 2 nX DbOHdS broken Z nxD bonds formed

=4 mol X D_y; +2 molx Dy_ — (2 mol X D._, +4 molx Dy, )

:(4 msrx%ﬁj{z méfx@;?lld_)_

ez o2

=1652 kJ +990 kJ — (1598 kJ +1868 kJ)
AH =-824 k]
Statement: The energy produced by the complete combustion of 1 mol of propane is

2057 kJ and that produced by 1 mol of methane is 824 kJ.
(b) Divide the amount of energy produced by 1.0 mol propane by the amount of energy

produced by 1.0 mol methane (natural gas).
2057 kJ 55

824 kI
To produce the same amount of energy as 1.0 mol of propane, 2.5 mol of natural gas is

needed.
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