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Thermodynamics
6.8 Enthalpy of Formation
Worksheet Key

1) Using standard enthalpy of formation values from the appendix n your textbook.
calculate the enthalpy of combustion, AHcomb. of one mole of ethane at 25°C.
C2He(g) + 3.5 Oa(g) = 2 COx(g) + 3 HyO()

AJ]Lf;:m = ZAHF{prodmts) i zAH;{rEactants)
AR = [Q(QHF(COz(g)))"' 3(AH; (Hzo(s)))]_[L\H; (C,Hg g )]
AH? =[2(-393.5 kJ/mol) + 3(-285.83 kJ/mol)]— (-84.68 kJ/mol)

AH?_ =-1560 kJ/mol

2) Using standard enthalpy of formation values from the appendix in your textbook.
calculate the enthalpy of reaction. AH°,. for the formation of carbon dioxide
from graphite and oxygen gas. Cgaphite) T O2(g) =2 CO1(g)

/ 0, 2 =8 0 - OmY (]
AH mn T~ f (products) =~ f (reactants)

AH, =[AH (CO4 )]~ [(AH(C)) + 3(AH(O, )]
AH, =[AH{ (CO,,y)]—0=-393.5 kJ/mol

3) Using standard enthalpy of formation values from the appendix in your textbook,

calculate the enthalpy change, AH°, for the formation of water vapor from liquid
water. H,O¢l) = H,O (g)

AH° = Z My~ = AH sy
AL = [QH? (Hg()[g))] _[(‘—\H}} (HEOU))]
AH® = (-241.826 kI/mol) — (—285.840 kJ/mol)

AH® =44.014 kJ/mol

4) Using standard enthalpy of formation values from the appendix in your textbook,
calculate the enthalpy change, AH°, for the formation of liquid water from liquid
water vapor. HyO(g) = HxO (1)

AH® =% L\H;(procmcts,) ¥
AH® = [”—\HF (Hzou})] _[(M;(HEO[g))]
AH® = (—285.840 kJ/mol) — (—241.826 klI/mol)

AH® =-44.014 kJ/mol

o
2 AH

— L £ (reactants)
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5) The standard heat of formation of B,Os(s) 1s -1263.6 kJ/mol and the standard heat
of formation of liquid water 1s -285.8 kJ/mol. Use the information below to find
the standard heat of formation for one mole of BsHs.

2 BsHy(1) + 12 Ox(g) = 5 B20s(s) + 9 HyO(1) AH 1 = -9036.6 kJ

AH gm =Y AH ;(products) —2AH, ;(react:mts)

AH_, =[5(AH¢{ (B,05,))) +9(AH¢ (H,0 ;) )] -[2(AH; (BsHy ) +12(AH (O, )]
-9036.6 kJ =[5(-1263.6 kI) + 9(-285.8 k)] -[2(AH} (B,H,,,)) +12(0)]
-9036.6 kJ =-8890.2 kI - 2(AH; (B;H,,,))

AH{ (B;H,,,) = 73.2 kJ/mol

6) Use the following mformation to find the standard heat of formation for one mole

2 NO,y(g) + 7 Ha(g) = 2 NHi(g) + 4 H,O(1) AH® =-1303.2 kJ
Standard heat of formation of liquid water AH; =-285.8 kJ / mol

Standard heat of formation of gaseous ammonia  AH; =—46 kI / mol

AH rc:m =2 AH, fo (products) 2 AH i?(reactams)

AH_, =[2(AH; (NH, )+ 4(AHE (H,0) )] -[2(AH; (NO,,) ) + T(AHE (H, )]
—1303.2 kT =[2(—46 kJ) + 4(—285.8 k)| -[2(AH] (NOy,y)) +7(0)]

-1303.2 kI =-92 kJ-1143.2 kT — Z(AH;’(NOQ(Q))

AH{ (NO,,,) =34 kJ/mol

7) Using standard enthalpy of formation values from the appendix in your textbook.
calculate the enthalpy of combustion, AH comp. for one mole of methanol at 25°C.
CH;0H(g) + 1.5 Oa(g) = COa(g) + 2 H,O(1)

AH® =Y AH? Y AH?

xn f(products) = — f (reactants)
AH?, =[(AHZ(CO,,,)) +2(AH; (H,0, )] -[AH{ (CH,0H,,) +1.5(AH (O, ,, )]
AH? =[(-393.5 kJ)+2(-285.83 kI)]-[-201.2 kJ +1.5(0)]

AH? =-764.5 kJ/mol

8) Using standard enthalpy of formation values from the appendix in your textbook.
calculate the enthalpy of combustion, AH’copp. for one mole of C;H; at 25°C.
CgHg(g) + 15 Og(g) =2 C.‘Og(g) +H,O(l)
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AHS, =T AH; > AH

f(products) f (reactants)

AH.. . =[2(AH; (CO,,, )+ AH? (H,O))]1- [AH? (C,H,,)+1 S(AHY (Oy)))]

AH?® =[2(~393.5 KI)+(~285.83 kJ)]—[226.7 kT +1.5(0)]
AH? =-1299.5 kJ/mol

9) Using standard enthalpy of formation values from the appendix in your textbook.
calculate the standard enthalpy of combustion, AHcomp. of one mole of glucose
according to the chemical equation below.

C(jHuOﬁ(g) +6 Oz(g) 26 C.‘Oz(g) +6 H;;O({)

AH:xn = ZAI—I(f)‘(product‘s) E EAH?‘{IERC{M}(S)
AH?, =[6(AHZ(CO,,,)) + 6(AHZ (H,0,,,)]~[AH? (C(H,,04)]
AH?  =[6 (-393.5kJ/mol) + 6 (-285.83kJ/mol)] — (-1260kJ/mol)

AH?  =-2820 kJ/mol

10) Humans started using elemental copper about 6000 years ago and started using
elemental tin about 3800 years ago. Use the heat of formation values for copper
(IT) oxide and tin (IV) oxide to help explain why humans were able to use
elemental copper before they were able to use elemental tin.

Both of these metals exist as oxides m nature, so humans had to transform these oxides
mto elemental metals.

Cu(s)+ 1/2 Oy(g)=> CuOgs) H; =156 kJ/mol
Sn(s) + Oy(g) = SnOy(s) H? =-581kJ/mol

Since the forward reactions are exothermic, the reverse reactions are endothermic. Thus,
both of these metal oxides must be heated in order to drive off the oxygen and produce
the elemental metals. It requires + 581 kJ/mol to decompose SnO, and only + 156
kJ/mol to decompose CuO. Thus, it requires more energy to decompose SnO,. As years
went by, human cultures got better at concentrating heat from fires, ovens, and furnaces.
As these technologies improved, they developed the ability to decompose metal oxides
with more negative enthalpy of formation values.

11) Write the balanced chemical equation that outlines the reaction used to determine
the enthalpy of formation for one mole of water.

Ha(g) +%: Oa(g) 2 HyO(g)

12) Write the balanced chemical equation that outlines the reaction used to determine
the enthalpy of formation for one mole of HCO(g).

Ha(g) + %2 Oa(g) + C(s) 2 H,CO(g)




