
Thermodynamics Worksheet #1

SCH 4U

1. Steam at 150 oC is slowly cooled to ice to -20 oC.  Sketch a

heating/cooling curve for this process (vertical axis is

temperature, horizontal is heat).  If 35 g of ice forms,

calculate the total heat involved (note that this is a six

step problem).  Use specific heat capacities tabulated on

page 799 and latent heats found on page 307 for your

calculations.  After you have completed this, make an

accurate graph of temperature versus heat released for this

problem.

2. 25 g of gold heated to 800 oC is placed in 200 mL of H2O at

10 oC.  Determine the final temperature of both gold and

water after thermal equalization has occurred.

3. Determine how many grams of steam are formed if 120 kcal of

heat is added to 0.750 L of water at an initial temperature

of 15 oC.

4. 32 g of an unidentified metal is placed in 500 mL of water. 

The initial temperature of the metal was 100.00 oC and the

initial temperature of the water was 20.00 oC.  After

thermal equilibrium is reached, both the metal and the water

are at 20.468 oC  Find the specific heat capacity of the

metal and identify the metal from the list on page 799.

5. Show a heating curve for the conversion of 355 g of ice at 

-25 oC to steam at 250 oC.  Calculate the total amount of

energy required do this by first calculating

1. heat ice @ -25 oC to ice @ 0 oC

2. ice @ 0 oC to water @ 0 oC

3. water @ 0 oC to water @ 100 oC

4. water @ 100 oC to steam @ 100 oC

5. steam @ 100 oC to steam @ 250 oC

The following data should be of assistance:

Molar Heat of Fusion (melting) of Ice:  6.02 kJ/mol @ 0 oC

Molar Heat of Vaporization of water:  40.6 kJ/mol @ 100 oC   

  Specific Heat Capacity of Ice:  2.033 J/goC

Specific Heat Capacity of Water:  4.184 J/goC

Specific Heat Capacity of Steam:  2.010 J/goC



Thermodynamics Worksheet #2

SCH 4U1

1. If the combustion of 13.50g of octane (C8H18) can warm 10.0 L

of water from 20.00 oC to 35.447 oC, calculate the heat of

combustion for octane.

2. Determine the volume of water that can be warmed from 25.00
oC to 27.50 oC by the combustion of 12.5 kg of butane (C4H10)

if the heat of combustion of butane is -2877.40 kJ.

3. Given that the heat of combustion of ethyl alcohol (C2H5OH)

is -1409.2 kJ/mol, determine the change in temperature of 4

L of water that has been warmed by the combustion of 5.00 g

of ethyl alcohol.

4. Using heats of formation found on page 799 of your text,

determine the heat of combustion for pentane (C5H12(l)). 

Once you have found this, determine the final temperature of

80.0 L of water at 25.000 oC if 50.0 g of pentane is

combusted.

5. 50.0 L of water is warmed by the combustion of 40.0 g of

heptane (C7H16(l)) from an intial temperature of 22.000 
oC to

a final temperature of 31.187 oC.  Use this information to

determine the heat of combustion for heptane.  Once you have

completed this, use the heat summation method to determine

the heat of formation for heptane.

 



THE  ENTHALPY  GAME!!

Label each situation that represents a increase in enthalpy with

endo and each situation that represents a decrease in enthalpy

with exo.

1. Change of state from a liquid to a solid

2. An increase in chemical potential energy

3. Formation of CO2 from its elements

4. mixing ammonium nitrate with water lowers the temperature of

the water

5. in a reaction atoms rearrange their position to increase the

net attraction for other atoms

6. ∆HE = -185 kJ/mol

7. 2H2O þ 2H2 + O2

8. an overall increase in bond energy (energy required to

overcome a bond)

9. ∆HE = 98 kJ/mol

10. free moving atoms combine to form a compound spontaneously

11. change of state from a liquid to a gas

12. exothermic reaction

13. in a closed system (energy can neither enter nor escape)

kinetic energy increases

14. H2O(l) + 10.5 kcal þ H2O(g)

15. in a reaction net attraction between atoms is lessened

16. CH4 + 
3/2O2 þ CO2 + H2O

17. endothermic reaction

18. a rock falls off a cliff

19. in a closed system potential energy increases

20. mixing NaOH(s) with water produces heat



21. The assembly of a lattice from free ions

22. The hydration of ions in solution

23. A dissolving process inwhich the hydration energy is greater

than the lattice energy (the interaction between solvent and

solute is stronger than the interaction within the lattice

structure)

24. CO + Cl2 þ COCl2

25. The ionization of magnesium to form Mg2+ (Mg ==> Mg2+ + 2e-)

26. The vapourization of NaCl(s) to form free Na1+ ions and free 

Cl1- ions (i.e. breaking the lattice energy).

27. The formation of a solution of a salt from water and the

solid of the salt.

Summary: In the chart list as many different ways that you can

determine if enthalpy has increased and list the counter

statement for the decrease in enthalpy.

INCREASE IN ENTHALPY

(ENDOTHERMIC)

DECREASE IN ENTHALPY

(EXOTHERMIC)



COMBINATION PROBLEMS

SCH 4U - THERMODYNAMICS

1. 30 L of water in a bomb calorimeter is warmed from 20.00 oC

to 23.94 oC when 10 g of butane (C4H10) is reacted with

sufficient oxygen to allow complete combustion.  Use this

information plus appropriate heats of formation (i.e. values

for carbon dioxide, water and oxygen) to derive the heat of

formation for the compound butane.  Check this answer with

the heat of formation value for butane found in the table to

see if the information in the question is correct.

2. Determine the change in temperature in 50.00 L of water when

warmed by the combustion of 25.00 g of butane, C4H10(g).

3. Determine the heat of formation of hexane given that the

combustion of 15.0 g of hexane (C6H14) can warm 25.000 l of

water from 25.000 oC to 31.925 oC.  DO NOT USE THE TABLES IN

THE BOOK FOR THIS QUESTION (except to check your answer)!!! 

Note that this is a multi-step problem - use appropriate

format.

4. From the following information, calculate  in kJ∆HH PO (aq)3 4

a)  = -285.77 kJ∆HH O(l)2

b)  = -3012.48 kJ∆HP O (s)4 10

c) The natural form of phosphorus is P(s).

d) 13.5 g of P4O10(s) is placed in exactly 1 L of water and an

exothermic reaction proceeds inwhich H3PO4(aq) is the only

product.  The temperature is observed to increase from 15.03
oC to 19.93oC

e) The specific heat capacity of water is 4.184 J/goC.

f) The answer is  = -308.2 kcal∆HH PO (aq)3 4

5. Calculate the mass of benzene liquid (C6H6(l)) that can

provide 100 kJ of heat through a combustion reaction.  Use

the table in your text.  No need to use Hess’ Law.

6. Determine the mass of propane that must be combusted to warm

160 L of water from 15 oC to 52 oC.  You may use any heats

of formation from the textbook that you like.

7. If 50 L of water is warmed by 11.469 oC by the combustion of

50 g of decane (C10H22(l)), determine the heat of formation

of decane.  This is not a Hess’ Law problem.  You may use

any heats of formation that you wish from the textbook.

8. The combustion of 21.9 g of ethanol C2H5OH is able to warm

8.000 L of water from 20 oC to 40 oC, determine the heat of

formation of ethanol.  Do not use Hess’ Law in your

solution. 
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9. Determine the volume of water in L that can be warmed from

15 oC to 70 oC, by the combustion of 500 g of cyclopropane.

10. When 10 g of butane (C4H10) is reacted with sufficient oxygen

to allow complete combustion 30 L of water in a bomb

calorimeter is warmed from 20.00 oC to 23.94 oC.  Use this

information plus appropriate heats of formation (i.e. values

for carbon dioxide, water and oxygen) to derive the heat of

formation for the compound butane.  Check this answer with

the heat of formation value for butane found in the table in

your text to see if the information in this question is

correct.  Please perform your calculation in kJ.  Do not use

Hess’ Law.

11. Determine the mass of water at 25 oC that can be converted

to water at 100 oC by the combustion of 800 g of propane. 

At no point use Hess’ Law in this determination.  (For a

bonus, determine what the mass of water would be if it were

converted to steam at 100 oC instead of water at 100 oC)

12. From the following data and the eventual use of Hess’ Law,

determine the heat of formation of calcium oxide (CaO). 

Note, both reactions were performed in 100 mL of 1.0 M HCl,

which can be considered to be the same as water (i.e.

specific heat capacity is 4.184 J /goC   Hummm!  This looks

a lot like one of your lab calculations!

Equation Initial 
Temp. oC

Final
Temp. oC

Masses etc.

Ca(s) + 2HCl(aq) ¸ CaCl2(aq) + H2(g) 21.0 58.9 1.500 g Ca

CaO(s) + 2HCl(aq) ¸ CaCl2(aq) + H2O(g) 21.0 30.2 2.000 g CaO

H2(g) + ½O2(g) ¸ H2O(l) ∆H = -285.8 kJ

13. 3.30 L of water in a bomb calorimeter is warmed from 20.00
oC to 23.94 oC when 10 g of butane (C4H10) is reacted with

sufficient oxygen to allow complete combustion.  Use this

information plus appropriate heats of formation (i.e. values

for carbon dioxide, water and oxygen) to derive the heat of

formation for the compound butane.  Check this answer with

the heat of formation value for butane found in the table to

see if the information in the question is correct.
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14. From the following information determine the percent by mass

of a 20 kg block of ice at -30oC that can be converted to

water through the combustion of 130 g of octane (C8H18).

 = -250.1 kJ∆HC H (l)8 18

 = -285.8 kJ∆HH 0(l)2

 = -393.5 kJ∆HCO (g)2

specific heat capacity of water = 4.184 J/g oC

specific heat capacity of ice = 2.010 J/g oC

latent heat of fusion for water = 6.03 kJ/mol

Note:  do not use Hess’ Law in your solution

Hint: start this problem using the heat summation method to

determine the ∆Hcombustion for octane.

15. From the following information and Hess’ Law, calculate the

heat of formation of CaO in kJ

a) CaO(s) + 2HCl(aq) þ CaCl2(s) + H2O(l)

15.00 g of CaO was reacted in 5 L of an HCl solution.*  A

change in temperature of 19.6 C was noted

b) Ca(s) + 2HCl(aq) þ CaCl2(s) + H2(g)

12.00 g of Ca was reacted in 5 L of an HCl solution.*  A

change in temperature of 8.7 C was noted.

c) H2(g) + O2(g) þ H2O(l)   ∆HE = -285.6 kJ/mol

  * consider these solution to have the same heat capacity as

water (4.184 J/goC) and ignore any mass contributions from

the addition of CaO and Ca 
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