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Soccer - Thermodynamics Practice Problems
Hess’s Law
1. Calculate the enthalpy change for the reaction:
P4O¢ (s) + 2 02 (g) =2 P40y (5)
Given the following enthalpies of reaction:
P4 (s) +3 02 (g) 2 P40s (s) AH =-1640.1 kJ
Ps(s)+ 35 02(g) 2 PiOyo (8) AH =-2940.1 kJ
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2. From the enthalpies of reaction:
H, (g) + F2 (g) 2 2 HF (g) AH=-537k]
C(s)+2F(g) > CF(g) AH = -680 kJ
2C(s)+2 H, (g) > CHi(g) AH =523%]J
Calculate AH for the reaction:
CaHy (g) + 6 F2 > 2 CF4 (g) + 4 HF (g)
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3. How much energy is absorbed or released (identify which) when each of the following reactions takes place?
The relevant bond energies are:

C-H 414 kJ/mol C=0 730 kJ/mol H-H 435 kJ/mol
0=0 502 kJ/mol O-H 464 kJ/mol Cl-Cl 243 kJ/mol
H-Cl 431 kJ/mol C-Cl 331 kJ/mol

a. CHa(g) + 202(2) > COz(g) + 2H,0(g)
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b.2Ha(g) + 02(2) > 2H,0 (g) N o
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4. Using Appendix C of your textbook, calculate the AH® for the following reactions using the listed enthalpies
of formation.

a.2 50, (g) + Ha (g) 2 250;(g)
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b. SiCL () + 2 H0 (1) > Si0, (s) + 4 HCI (g)
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A H= “l2een — 1w *—j“(g%.%‘i_:’gj

hao |

5. Hydrogen gas burns in air according to the equation below:
2Ha(g)+02(g) 2 2H0 ()
(a) Calculate the standard enthalpy change, AH®, for the reaction by the equation above. (The molar
enthalpy of formation, AH;, for HoO (1) is -285. kJ/mol’

A= 122853~ [acey + oSy = )-570 £T |

(b) Calculate the amount of heat, in kJ, that is released when 10.0 g of H; (g) is burned in air.
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Useful values:
Specific Heat Capacity of HO (s): 2.06 J/{g x °C) Specific Heat Capacity of H>O (1): 4.184 J/(g x °C)
AHyaporization 0f H20 (at 100.0 °C) = 2256 J/g AHgysion of H2O (at 0.0 °Cy =333 J/g

Density of HO = 1.00 g/mL
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Calorimetry

6. You have 15.0 g of water stearn at 105 °C. You cool this steam down to 37 °C. The AHyaporization 15 2256 J/g.
How much heat is required to complete this process. Express your final answer in kJ.

is"o 3 m | Z :ZS“CG*\ 7 ZCbnA@nS'q'Hoq N 2[;\2—9::}
T =)os <
i (5 (204 frop- oS )y (2550 + (15)<). ey

i
77 I3 S+ ~3¢3904 -3G3 pp, (3710

T = XL
j\—qZJ@Oo "‘S‘/

7. An unknown metal with a mass of 75.8 g is heated to a temperature of 80.0 °C. It is then placed in 79.4 g of
water that is at a temperature of 18.5 °C. The temperature of the water and metal than finishes at a temperature
of 23.5 °C. What is the specific heat of the metal. Note - the specific heat of water is 4.184 J/(g x °C).
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8. A 130.2 g sample of nickel heated to 95.0 °C is placed on 15.0 g of ice at -10.0 °C in an insutafed container.
The final temperature of the system is 1.55 °C. Assuming no heat escapes from the insulated container, what is
the specific heat capacity of nickel? -
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9. When 50.0 mL 0f 0.910 M H,;SO; at 23.T °C 1s mixed with 150.0 mL of 0.582 M KOH at 23.1 °C in a coffee
cup calorimeter, the temperature of the final solution is determined to be 32.8 °C. The density of the final
solution is 1.00 g/mL; the specific heat capacity of the final solution is 4.184 J/(g x °C). Assuming no los of heat

to the calorimeter, what is the value of AHy, for the reaction written below? HINT — Don’t forget to find the
limiting reactant!

@ §  rra LSO, (aq) + 2KOH (aq) > 2 L0 + K280;
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AS°®

10. In each of the following pairs, prechct the substance that will have the higher standard molar entropy.
Explain your reasoning!
a. CoHs (g) or CoHg (g)
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b. H>0 (1) or H;0 (g)
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11. Using Appendix C in your textbook, calculate AS° values for the following reactions: T
a. CoHy (g) + Hz (g) 2 CoHs (g)

= [\(2zas TB Lr{zra.ay +l(\30‘3%51 ~1720. ¢ \
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b. Be(OH), (s) 2 BeO (s) + H20 (g)

2S=[1(r. 7\+\(luue'53] [lLTwu'\S:S
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Gibbs Free Energy
12. Standard Heat of Absolute
Formation, DHf , Entropy, S°,

Substance in kJ mol™ inJ mol* K!
C(s) 0.00 5.69
CO2(g) -393.5 213.6
Ha.(g) 0.00 130.6
H,0(1) -285.85 69.91
Oax(g) 0.00 - 205.0
C;H,COOH(?) ? : 226.3

The enthalpy change for the combustion of butyric acid at 25°C, AHPcoms, 15 -2,183.5 kilojoules per mole. The
combustion reaction is

CsH7COOH(D) + 5 Ox(g) — 4 COx(g) + 4 H,0/1)
(a) From the above data, calculate the standard heat of formation, AH?, for butyric acid.

218255 = [ (-za3.5) ¢ d(-22 T2 - [ (an) + (D]
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(b) Write a correctly balanced equation for the formation of bufyric acid from its clcIests.
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(c) Calculate the standard entropy change, ASf, for the formatlon of butyric acid at 25°C. The entropy change,
AS®, for the combustion reactlon aboveis-117.1 TK” at 25°C.

~W70 = AS [»:(s‘ ety + (132 "5 o (2¢5\\}
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(d) Calculate the standard free energy of formation, AG; for butyric acid at 25°C.
AG— = A - TTAS
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13. Propane, C;Hjg, is a hydrocarbon that 18 commonly used as fuel for cooking.
(a} Write a balanced equation for the complete combustion of propane gas, which yields COx(g) and H,O¢1).

C&_H% TS}OD\ ﬂ%@i = Y, ©

(b} Calculate the volume of air at 30°C and 1.00 atmosphere that is needed to burn completely 10.0 grams of
propane. Assume that air is 21.0 percent O, by volume. -
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(¢) The heat of combustion of propane 1s -2,220.1 kJ/mol. ¢ heat of formation, Af1/°, of propane
given that AH° of H,O(7) = -285.3 kJ/mol and AH;° of CO,(g) = -393.5 kl/mol.
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(d) Assuming that all of the heat evolved in burning 30.0 grams of propane is transferred to 8.00 kilograms of
wager (specific heat = 4.18 J/g’K), calculate the increase in ternperature of water.
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