Hess's Law

69.

70.

Information given:

C(s) + Oy(g) — COx(g) AH=-393.7kJ
CO(g) + 1/2 O5(g) = COx(g) AH = -283.3 kJ

Using Hess’s law:

2 C(s) + 2 Oy(g) = 2 COy(g) AH, = 2(-393.7 kJ)
2CO)g) > 2CO(g)+ O(g)  AH,=-2(-283.3kJ)
2 C(s) + Ox(g) = 2 CO(g) AH = AH, + AH, = —220.8 kJ

Note: When an equation is reversed, the sign on AH is reversed. When the coefficients in a

balanced equation are multiplied by an integer, then the value of AH is multiplied by the
same integer.

Given:
CsHy(g) + 5 O4(g) > 4 COy(g) + 2 H,O(I) AH omp = —2341 kJ
C4Hs(g) + 6 Oy(g) — 4 CO,(g) + 4 H,O(1) AH, oy = —2755 kJ
Ha(g) + 1/2 Oy(g) — H,0(l) AH.omp = —286 kJ

By convention, H,O(l) is produced when enthalpies of combustion are given, and because

per-mole quantities are given, the combustion reaction refers to 1 mole of that quantity
reacting with O,(g).

Using Hess’s law to solve:

CiHa(g) + 5 05(g) — 4 COx(g) + 2 H,0(1) AH, =-2341kJ
4 CO(g) + 4 H,0(1) = C4Hy(g) + 6 O(g) AH, = — (-2755 kJ)
2 Hy(g) + Ox(g) — 2 H,0(l) AH; = 2(-286 kJ)
C4Ha(g) + 2 Ha(g) — CiHy(g) AH = AH, + AH, + AH; =-158 kJ
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71. 2 Ny(g) + 6 Hy(g) — 4 NHi(g) AH = -2(92 kJ)
6 H;0(g) > 6 Hy(g) +3 0y(g)  AH =—3(-484 kJ)

2 Ny(g) + 6 HO(g) —> 3 Oy(g) + 4 NHi(g) AH=1268kJ

No, because the reaction is very endothermic (requires a lot of heat to react), it would not be 2
practical way of making ammonia because of the high energy costs required.

T CIF+1/20,— 12CLO+12F,0  AH=1/2(167.4 kKJ)
1/2CLO +3/2F,0 — CIF;+ 0, AH=-1/2(341.4 KJ)
F,+ 120, > F,0 AH=1/2(—43.4 kJ)
" 2 ya
= CIF(g) + Fy(g) » CIF, AH= -108.7kJ
73. NO +0; - NO, + 0, AH=-199kJ
3/20, - 05 AH = -1/2(-427 KJ)
0— 120, AH = —1/2(495 kJ)
NO(g) + O(g) = NOy(g) AH=-233kJ

74, We want AH for N,Hy(1) + Ox(g) — Na(g) + 2 H,O(l). It will be easier to calculate AH for
the combustion of four moles of N;H, because we will avoid fractions.

9 H, + 920, > 9 H,0 AH = 9(-286 kJ)
3 N;H, +3H,0 5 3N,0+9H, AH = -3(-317 kJ)
2 NH; + 3 N0 = 4 N, + 3 H,0 AH =-1010. kJ

N;H, + H;0 — 2 NH; + 1/2 0, AH =— (-143 kJ)

4 NoHy(1) +_£_1_02(g) —» 4 Ny(g) + 8 H20(I) AH = -2490. kJ

For NH(I) + Ox(g) > Ny(®) + 2 H,O(l) AH = i‘fa—“ — 623 K]

Note: By the significant figure rules, we could report this answer to four significant figures.
However, because the AH values given in the problem are only known to 1 kJ, our final
answer will at best be 1 kJ.

75, (CaCy}s fa+2€ AH = - (~62.8 kJ)
Ca0 +{;0)—> (Ca(OH), AH =-653.1kJ
2€0, {H,0)—(CHyjt 5/2.0; AH = — (-1300. kJ)
a+1/204 - Ca0 AH=-635.5k]
2,C+ z/’oz - 200, AH =2(-393.5 kJ)
CaCy(s) + 2 H;0(l) - Ca(OH)y(aq) + C,Hy(g) AH=-713kJ
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76. P4O|0'—’ p4 kg 02 AH=- (—'29673 k.])
10 PCl; + 5 O,— 10 CI3PO AH = 10(-285.7 kJ)
6 PCls— 6 PCl; + 6 Cl, AH = -6(~84.2 kJ)
P4+ 6 Cl; — 4 PCly AH =-1225.6
P40|(,(S) +6 PC|5(g) — 10 Cl3PO(g) AH=-610.1kJ

Standard Enthalpies of Formation

77. The change in enthalpy that accompanies the formation of 1 mole of a compound from its
elements, with all substances in their standard states, is the standard enthalpy of formation for
a compound. The reactions that refer to AH { are:

Na(s) + 1/2 Cly(g) — NaCl(s); Hy(g) + 1/2 Oy(g) — H,0(l)
6 C(graphite, s) + 6 Hy(g) + 3 O5(g) — CsH,204(s)
Pb(s) + S(rhombic, s) + 2 Oy(g) — PbSO4(s)
(78) . Aluminum oxide = ALOy; 2 Al(s) + 32 Ox(g) — ALOS(s)
b. CyHs;OH() + 3 Ox(g) — 2 COs(g) + 3 H,O(l)
. c. NaOH(aq) + HCl(aq) — H,O(l) + NaCl(aq)
d. 2 C(graphite, s) + 3/2 Hy(g) + 1/2 Cly(g) — C,H;ClI(g)

e, CeHy(l) + 15/2 O5(g) — 6 COy(g) + 3 Hy0(l)

Note: AHom values assume 1 mole of compound combusted.
f. NH;Br(s) — NH,"(aq) + Br (aq)

79.  Ingeneral, AH°=YXn,AH; ... — ZnAH; .. andall elements in their standard

state have AH; = 0 by definition.

a. The balanced equation is 2 NHj(g) + 3 Ox(g) + 2 CHy(g) — 2 HCN(g) + 6 H,0(g).

AHP = (2 mol HCN x AH} o, +6 mol HO(g) x AH} 4, )
— (2 mol NH; x AHf yy +2 mol CH, x AH;,CH,,)

AHP = [2(135.1) + 6(-242)] = [2(-46) + 2(=75)] =-940. kJ
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b. Cay(PO,)y(s) + 3 HyS04(1) = 3 CaSO4(s) + 2 H3PO4(l)

AH° = [3 molCaSO4(s)(_l433kJ)+2 molH3P04(l)(L26:7—l-{-{] ]
mol mol

- [1 molCa3(PO4)2(s)[M] +3 m01112904(1)("8 Li ) ]
mol mol

AH° = 6833 kJ — (—6568 kJ) =265 kI

¢. NHj(g) + HCI(g) — NH,CI(s)
AH® = (1 mol NH,Cl X AH; y, ) - (1 mol NH; x AHj o, + 1 mol HCl x AH ;)
_ _A6 1k -92
AH® = [1mol alhglh 1 mol 46“)+lmol[ 9-kJJ
mol mol mol
AH® =314 k] + 138 k) =-176 kJ

a. The balanced equation is C;HsOH(I) +3 /9@) — 2 COy(g) + 3 H,0(g).
AHE = | Biniol] 2ot b +3mo!(—242kJ] _ llno][_zmkjj
mol mol mol

AH® =-1513 kJ - (=278 k) =-1235kJ

b. SiCly(l) + 2 H;O(l) — SiOy(s) + 4 HCl(aq)

Because HCl(aq) is H'(aq) + CI(aq), AH{=0- 167 =-167 kJ/mol.

AR = | 4 mol Z1E7KI +imol(—9llkJJ _ lmol[_687k" +2 mol 2286k
mol mol mol mol

AH® =-1579 kJ — (-1259 kJ) =-320. kJ

c. MgO(s) + H;O(l) = Mg(OH)(s)
—925kJ) [—602k1) (—2861(.!]
AH° = | 1 mol — [l mol +1mo
mol mol mol

AHP = 925 kJ — (-888 kJ) =37 kI

81. a. 4NHs(g)+50xg) >4 NO(g)+6H;:0(g); AH =2 npAH; | iueis = 2 MeAHE ianss

AH® = | 4 mol 90'ij+6mol[—242kJ) - 4mol(_46k’lj = =908 kJ
mol mol mol
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2 NO(g) + Oy(g) = 2 NOy(g)

AH® = 2mol[ﬂ) - 2m0|(9o'k']) =-112 kJ
mol mol

3 NOx(g) + H,0(1) = 2 HNOj(aq) + NO(g)

B =i 1
ate = [ 2mol[ 297X ) 4 | ot 20K | 3mol(ﬁﬂ)+lmo;[ ~86“)
mol mol mol mol

—-140. kJ

Note: All AH; values are assumed =1 kJ.

b. 12 NHy(g) + 15 0,(g) — 12 NO(g) + 18 H,0(g)
12 NO(g) + 6 O5(g) — 12 NOy(g)
12 NOy(g) + 4 H,0(I) — 8 HNOs(aq) + 4 NO(g)
4 H,0(g) — 4 H,0()

12 NH3(g) + 21 Oy(g) — 8 HNOy(aq) + 4 NO(g) + 14 H,0(g)

The overall reaction is exothermic because each step is exothermic.
. @ 4D0(s) + yﬁg) > 2Na;0(s) AH°=2 mol(_L:OGIkJ ) =_832kJ
2)18(3) +2 H,0(1) - 2 NaOH(aq) + Hi(g)
AH® = [2 n{ol("d’m “)] = [2 mol(_zgﬂd)] =368kl
mol mol
2&(s) + COx(g) — Nas0(s) + CO(g)

AHP = lmol[_“skJ]Hmol(Mj — [ 1molf 23935k =233k
mol mol mol

In Reactions 2 and 3, sodium metal reacts with the "extinguishing agent." Both reactions are
exothermic, and each reaction produces a flammable gas, H; and CO, respectively.

83. 3 Al(s) + 3 NH,ClO4(s) > AL, Ox(s) + AICIy(s) + 3 NO(g) + 6 H,0(g)
—247 - _
AH°= |6 mol( 24J{J)+3 mol(go' kJJ+ 1 mol( 704“) +1mol M]
mol mol mol mol |

= [3 mol(_ 293kl H =-2677kl
mol
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