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Hess's Law Worksheet Name: 1%~ 7/

L. Calculate AH for the reaction 4 NH; (g) +5 0, (g) 2 4 NO (g) + 6 H,0 (®),
from the following data,

N2 (g) + 02 (g) > 2 NO (g) AH =-180.5 kJ
N2 (g) +3 Hy (g) — 2 NH; (g) AH=-91.8 kI
2Hy(g) + 02 (g) » 2 Hy0 (g) AH = -483.6 kJ
HNW, < 2N, v bH, 6H = 2 ANR K3)

2Ne 420, = 4NO £H 2 2(-1F6s KT

HNFg 420, = bW, 4 uND S 2 -1y kT
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YNR3 + 50, = YNO + 64,0 od: ~16b2%,2 kT

2. Find AH® for the reaction 2H;(g) + 2C(s) + O,(g) > C;H;0H(), using the
following thermochemical data.

CoHsOH () +2 02 (g) > 2 COz (g) + 2 H,O () AH =-875kJ
C (s) + Oz (8) - CO; (g) AH = -394.51 kJ
Ha (g) + %202 (g) — HaO (1) =-285.8 kJ
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3. Cglculate AH for the reaction CH, (g) + NH; {g) © HCN (g) + 3 H, {g), given:

Ny (g) +3 Hz (g) » 2 NH; () AH =-91.8kJ
C (s)+2 H (g) » CHy (g) AH =-74.9k]
H; (g) +2C (s) + N2 (g) = 2 HCN (g) AH =+270.3 kJ
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Hess's Law Worksheet - answers

1. Calculate AH for the reaction: C,H, g + H; (5 — CiHs ), from the following data.

CoHag+ 3054 — 2C0O, (g} +2H,0 AH =-1411. kJ
CoHs (g3 +3%2 03y — 2 CO, (g) + 3 HO AH = -1560, k/
Hoig + %20z — H:0 ¢ AH =-285.8 kI

L+303  —  2C0,(g)+2H,0y &H, X1
CH L4340y —  2C0;(g)+3H,0, AH, X-1
1o+ B0 g — H,0 fH; X1
Cobfosnt 3By = FEOHg) + 20y AH,
2EOAg+FHLy — (Ho o+ 3400y -4H;
H, L+ O - HOy &Hs

GHa g+ Hy g — GHe g

AH = AH, - AH; + AH; =-1411 + 1560 - 285.8 = - 126.8 kl

2. Calculate AH for the reaction 4 NH; (g + 5 O; g = 4 NOy,, + 6 H,0 g, from the following data.

Na g + Oz > 2NO AH =-180.5 kJ
N2 g+ 3 Hagy— 2 NHz g AH=-91.8k
2 Hz 5+ Oz 4 — 2H:0 AH =-483.6 k)
Ny g+ O > § NGO, AH, X2
Nig+3Hp > 2 NH: &H, % -2
2H; g+ Oy > IHO ., AH, X3
-Q-N;_r{.g) + -:..LQ'Q-&;} - ANO ., 2 AH,
"‘2 {\E{i “’9 Q“N‘g—(ﬁ\ + G-Hg-‘e_} '2 AHZ
6-Hug + 385 > GHO 3 AH,

4 NH; g+ 50; (g — 4 NO g + 6 H,0 o

AH = 2AH, -28H; + 34H; = 2(-180.5) -2(-91.8) + 3{-483.6} = - 1628.2 k)




3. Find &H for the reaction 3H, ) + 2C i) + % 0 () — C;HsOH y, using the foliowing thermochemical data.
C2H50H it 30, g —* 2 CO, wmt 3 Hzo n AH =-875. ki
C st 0O, g —* Co, (g) AH =-394.51 ki
H; @t ¥ 0, tg) H,O n AH =-285.8 ki
CHOH . +30, (&) i 200, gg,+3H20 i 4H, x-1
. ot 02 {2 rd C02 (g AHZ %2
& TRy %0, (&} -> H,0 W AHy x3
2-COxg + 3H0y, - CHOH |+ 385y - AH,
ERO %;—@ - 2—@9;-{@,} 2 &H,
BH 2RO i iy Opy 3 AH;

3Hy (g + 2C () + ¥4 Oy gy — C:HsOH

OH = - AH; + 28H; + 38H, = 875 +2(-394.51) + 3(-285.8) = -771.4 kJ

4. Calculate AH for the reaction CH, 5 + NHj (g — HCN () + 3 H, 4, given:

Nz g+ 3 Hz i — 2 NH; (g) AH = -91.8 kJ

Cim+2H; 5 — CHy AH=-74.9k)

Hy g +2C 5+ Ny — 2 HCN g AH=+270.3 kJ
Nz g * 3H; gy -3 PNH, AH, x-1/2
C+2H; - CH. L AH, x-1
Hy gt 2C 15+ Ny g > ZHIN AMy X %
Al - %—N;-(,g;, +1%H; 1) -% AH,

CHL L > Gy g -1 AH,
Bl + Sy + BMrgy > DHCM % AH,

CHa g + NH3 g — HCN (g + 3 Hg ), given:

AH = - VA AH, + - AH, + 14 AM; = - % (-91.8) — (- 74.9) + 15 (270.3) = 256 kI




5. Calcutate AH for the reaction 2 Al ; + 3 Cl,  — 2 AlCl;  from the data.

2 Al Ok 6 HCI {aq) 2 Alctg (ag) T 3H; (g) AH = -1049, k)

HCt g HCI {aq) AH=-74.8 k!

H; w T Cl, @ " 2 HCI e} AH = -1845. k)

AEC|3 s} 7 AICEg {aq) AH = -323
2 AL L+ 6 HC {aq) e 2 AiCly {ag) T 3H, {2} AHI x1
HCI te) -3 HCI {aq) AH; X6
HQ(E)'*‘{;i_‘_,, -3 2 HQ) e} fH; x3
AICH -5 AICT, 1y AH, x-2
AL+ S-HQ-—W -2 Q—NG;—M + 3 AH,
6-HChy) > SHCH, 6 AH,
&Hg-{g; + 340 -3 5—H-g-,@§) 3 AH;
Ay > 7 A -2 BH,

2 Al syt 3Ch @ 2 A|C|3 (s)

AH =AH1+6AH2+3AH3—2 AH4='6386-8 kJ

9. AH=%AH, +2AH;-AH;=-813 kJ
10. AH = - AH, - AH, - AH3 =-96.6 i)
11. AH=AH; - AH; =+ 98.8 k)

14. Dbe
equations. e
Hz g+ %2 01 ¢y *”%H?@*m%,{%
2H(g}+0(g)— HOg
2H (g) +20 g — Hy0, {g)
20— 0 .

o

S,

12. AH=1/3 AH, — 1/3 AH, = -520 kJ
13. AH = AH; + AH, - OH; =-288.6 kJ

ine the heat of formation of liquid hydrogen peroxide at 25°Cw_§§om"tﬁ‘éMg thermochemical

ot =-241.82 1)
v AH=-926.92 kI
efHLz - 1070.60 k)

AH = - 4987384d...

Hy0; (1) —H:05 AH = 51.46 k) m—
Target: Hi(g;"'i' O, @ H,0, m

Ho .+ %0, gt hand H,O te} AH, x1
2H(g)+0(g) - H,0 ¢ AH, x-1
ZH{g) +20 — H,0; (g) AH; x1
20 - O, AR, X~ %
HO- {1} — Hz0; g AH x-1
Hoa+o0 — Gy AH,

HO0y H {8 - AHg

2HHg} + 26, H.0448} AH;

N - g} +Oda - BH,

Oy — O -% AH,

Hz g + Oz g = HaO2

AH = AH, - AH, + AHy — % AH, - AHs = -686.13 k)




Answers to Hess's [ .aw Worksheet

Problem 1:

Calculate the enthalpy for the following reaction;
N2(g)+202(g)22N0s (g) AH°=777k]

Using the following two equations:
Na(g)+0x(g)>2NO(g) AH° = +180kJ
2NO: (g)>2NO(g)+02(g) AH® = +112k]

Answers to Praoblem [

In order to solve this, we must reverse at least one equation and it turns out that the second one will require
reversal. Here are both with the reversal to the second:

N2(g)+0: (g)22NO(g) AH® = +180k}

INO(g)y+02(g)> 2NOs (g) AH® = -112kJ

Notice that I have also changed the sign on the enthalpy from positive to negative.

Next, we add the two equations together and eliminate identical items. We also add the two enthalpies
together,

Na(gy+20: (g)2N0s (g) AHC= +68kJ
The answer has been obtained +68%k.J/mol.
Problem 2:

Calculate H for this reaction:
2Nz (g)+502 ()2 2N20s(g)

using the following three equations:

Hz (g)+(1/2) Oz ()= H20(1) AH® = -285 8kJ
N2Os(g)+HaO(1-> 2HNOs(]) AHP° = -76.6k)
(1/2)N2 (2)+(3/2)04 (g)+(1/2)Hx(g)-> HNO3(1) AH® = -174.1kJ

Answers to Problem 2.

2H:0(H-22H; (21+01 () AH® = +571.6kJ
JHNO; (D> 2N05(2)+2H0 AH® = +153.2k)
2N2 (2)+60: (g)+2H: (2)=> 4HNO3(D) AH® = .696.4k)

The change to the first equation will allow us to (1) cancel out the water, (2) cancel out the hydrogen and
(3) cancel out one of the oxygens leaving the five we need for the answer.

The AH® for the reaction as written is +28.4kJ.

One last note: 1 don’t write ki/mol in this case because of the two in front of the N20Os. However, 1 would
need to supply the equation along with the 28.4 value. If1 divided through by two, T would get the
information reaction for N2Os:

Nz (g)+(5/2)02 (g} N20s (g)

In this case, | would write AH% = +14.2kJ/mol. The presence of the subscripted “f” indicates that we are
dealing with one mold of the target substances.




Problem 3:

Calculate AH® for this reaction:
6C(sH+6Ha(g)+30:(g)» CsHi206(5)

using the following three equations:
C(s)+0x(g)>CO: (g)
H2(g)+{1/2)O2(g)>H:0(b)
C6H1205(3)+602 (g)‘)éCOz (g)+6H20(f)

Answers to Problem 3:

6C(s)+6Hz (g)}+3022 Cel 204 (s)

6C(s}+60, (g)26CO; (g)
6HZ+30:2>6H:0 6(-285.83)
6CO+6H02> CeH 1206 +602

AHP=-393.51 kJ
AH®=-285.83 kl
AHC= -2803.02 k]

AHO=(-393.51 kJ)(6) = -2361.06 kJ
AH®=(-285.83 kJ)(6) = -1714.98 kJ
AH®= (-2803.02 kJ)(-1) = +2803.02 kJ

6C(s)+6H, (g)*302‘9 CsHy1204 (S)

AH=-1273.02 k]

The answer has been obtained -1273.02 kJ/mol

Problem 4:

Given the following reactions and their enthalpy changes, calculate the enthalpy change for

INO2(g)>N2Ou(g)

Equations Change in Heat Energy
Na(g+20(g)-22NO; (g) +67.8k)
Na(g)+202(g)2>N204(g) +9.67k}

Answer to Problem 4;

ZNO2Ag)>N204(g)

2NO:(g)> Nag)+20:(g) AHP= —67.8 k)
Na(g)+202() > N204(g) AHO= +9.67 kJ
2INOx(g)>Na2Oa(g) AH%=-58.1 kJ

The answer has been obtained -58.1 kJ

Problem 3:

Use the thermochemical equations shown below to determine the enthalpy for the reaction:

CosO(D+30:(2)> 2C0(g)+ 3H0(1)

2C:H4O()+2H;0(1)> 2C;HoO(1)+0:(g)
2C0: (g)+2H,0(1=> CaHO(H+5/20x(g)

Answers to Problem §:

CaHaO()+30:(g)> 2C0Ox(g)+3H:0(D)

C:HeO(h+ 1/20:(g)> CoHaO()+Ha O
C:HsO(1)+5/20:(2)22C0; (gH2H0(1)

AH®=+203.5k)
AH®= +583.5kJ

AH®=[(203.5kJ} / (2)] [-1] = -101.75 k]
AH°= (+583.5kJ)(-1) = -583.5 kJ

CoHO(+302(g)2>2C0(g)+3H0(1)

The answer has been obtained —685.25 kJ

AH®= -685.25 kJ




