Teacher’s Tools® Chemistry

Thermochemistry:  Calorimetry: Worksheet 2 Answer Key

1.     The combustion of 1.00 mol of sucrose, C12H22O11, evolves 5.65 x 103 kJ of heat. A bomb calorimeter has a calibrated heat capacity of 1.23 kJ/°C.  How many grams of sucrose should be burned to raise the temperature of the calorimeter and its contents from 23.0°C to 80.0°C? 

q = -n  ΔH°comb = CpΔT

-n ΔH°comb = (x/342 g/mol)(5,650,000 J) = CpΔT = (1,230 J/°C)( 80.0°C - 23.0°C)

Solve for x and you get 4.24 grams of sucrose.

2.     The heat of reaction for burning 1 mole of compound X is known to be - 477.7 kJ. 
The calorimeter constant of the bomb being used is 2.5 x 103 J/°C and the initial 
temperature of the water is 23.2 °C.

(A)       If 22.54 g of compound X (MM = 46.0) is burned in the bomb calorimeter containing 2000 mL of water

(S.H. = 4.184 J/g•°C), what will be the final temperature?

Here the heat absorbed by the water and that absorbed by the calorimeter are separate.  Of course, it all ends up at the same temperature.

 Assume that the density of water is 1g/mL

q = - n ΔH°comb = mSΔT  + CΔT = (mS  + C)ΔT

q = - (22.54 g/46 g/mol)(- 477,700 J) = (m S  + C)ΔT = (2000g•4.184 J/g•°C) + 2,500 J/°C)( Tf - 23.2 °C)

Solve for the final temperature and you get Tf = 44.7 °C

(B)   How much water can be warmed from 23.2°C to 56.5°C when 52.3 g of the 
compound is burned in the bomb?

Same setup, it’s still one equation and one unknown.  





You’re just solving for a different variable.

Assume that the density of water is 1g/mL

q = -nΔH°comb = mSΔT  + CΔT = (mS  + C)T

q = -(52.3g/46 g/mol)(-477,700 J) = (mS  + C)T = (x•4.184 J/g•°C) + 2,500 J/°C)( 56.5 - 23.2 °C)

Solve for the mass of water and you get 3.3 L

3.     A 500.0-g piece of metal at 60.0°C is placed in 200.0 g of water at 22.0°C contained in a coffee cup calorimeter.  The metal and water come to the same temperature at 32.5°C.  The specific heat of water is 4.184 J/g•°C

(A)   How much heat energy did the metal give up to the water?

The water is cooler than the piece of metal.  If we assume that no heat energy is lost out of the top of the cup, the heat energy that flows out of the piece of metal is absorbed by the water.  They both have to end up at the same temperature since they are part of the same system.  

Heat energy transferred = (mSΔT)water = (200.0g)( 4.184 J/g•°C)(32.5°C – 22.0°C) = 8.79 kJ

(B)   What is the specific heat of the metal ?

From the point of view of the metal block, it lost this much heat energy.

-8,790 J = (mSΔT)metal = (500.0 g)(S)(32.5°C – 60.0°C)

Solve for the specific heat of the metal, S = 0.639 J/g•°C

4.  Given the following information:

(Hf MgCl2(s) = - 641.8 kJ/mol




(Hf Mg2+(aq) = -462.0 kJ/mol


(Hf Cl-(aq) = -167.4 kJ/mol

(A)   Calculate (H° for the following reaction:    MgCl2(s) ( Mg+2(aq) + 2 Cl -1 (aq)
Use Hess’s Law to calculate the heat of reaction.  
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H = ((1)( (Hf Mg2+(aq)) + (2)( (Hf Cl-(aq))) – (1)( (Hf MgCl2(s))

H = ((1)( -462.0 kJ) + (2)( -167.4 kJ)) – (1)( -641.8 kJ kJ)

H = -155.0 kJ

(B)   If 3.17 g MgCl2(s) (formula mass = 95.21 g/mol) is dissolved in 250.0 g of water (S.H. = 4.184J/gﾰC) in a coffee cup calorimeter, what would the final temperature of the water be if the water were initially at 19.00ﾰC?

Dissolving the salt in water is an exothermic process.  All of the energy released by the reaction will be absorbed by the water and result in an increase in temperature of the water.

Heat energy released by the reaction = (3.17 g)/( 95.21 g/mol)(-155,000 J/mol) = -5.16 kJ

From the point of view of the water, this number becomes positive since the water absorbs the heat energy.

5,160 J = (mST)water = (250.0 g)( 4.184 J/g•ﾰC)(x – 19.00 ﾰC) J

Solve for the final temperature, T = 23.9 ﾰC

5.     Given the following chemical reaction:
2 Al(s) + Fe2O3(s) (   Al2O3(s) + 2 Fe(s)
(Hf Fe2O3(s) = -822.2 kJ/mol         (Hf Al2O3(s) = -1669.8 kJ/mol

(A)   Calculate (H for this reaction.

Use Hess’s Law to calculate the heat of reaction.  Remember that pure elemental species in their standard state do not have heats of formation.
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H = ((1)( -1669.8 kJ) + (2)(0)) – ((2)(0) + (1)( -822.2 kJ)) = -847.6 kJ/mol

(B)   If all the heat given off by reacting 1 mole of Fe2O3(s) is absorbed by the products, what would be the change in temperature if the reaction goes to completion.  (The specific heat of Al2O3(s) = 0.19 J/g•C and the specific heat of Fe(s) is 0.48 J/g•C.)   

The reaction going to completion means that 847,600 J are released to the products.  They both start and finish at the same temperature therefore: q = 847,600 J = [(mS)Al2O3 + (mS)Fe]T

Mass of Al2O3(s) =  102 g for 1 mole of product

Mass of Al2O3(s) =  111.7 g for 2 moles of product

847,600 J = [(102 g •0.19 J/g•C) + (111.7 g •0.48 J/g•C)Fe]T

847,600 J = [73 J/•C]T

T = 11,611 ﾰC

PAGE  
2
Copyright 2005-PTAS, Inc.
0107ws02.pdf

_1168946192.unknown

