Coffee Cup Calorimetry:  Determination of Heats of Reaction Using Hess's Law

Background:

 In this experiment, you will use a Styrofoam-cup calorimeter to measure the heat released by three reactions. One of the reactions is the same as the combination of the other two reactions. Therefore, according to Hess’s law, the heat of reaction of the one reaction should be equal to the sum of the heats of reaction for the other two. This concept is sometimes referred to as the additivity of heats of reaction. The primary objective of this experiment is to confirm this law. The reactions we will use in this experiment are: 
(1) Solid sodium hydroxide dissolves in water to form an aqueous solution of ions. 

NaOH(s) → Na+(aq) + OH–(aq) ΔH1 = ?

(2) Solid sodium hydroxide reacts with aqueous hydrochloric acid to form water and an aqueous solution of sodium chloride. 
NaOH(s) + H+(aq)  + Cl–(aq) → H2O(l) + Na+(aq) + Cl–(aq) ΔH2 = ?

(3) Solutions of aqueous sodium hydroxide and hydrochloric acid react to form water and aqueous sodium chloride. 
Na+(aq) + OH–(aq) + H+(aq) + Cl–(aq) → H2O(l) + Na+(aq) + Cl–(aq) ΔH3 = ? 
[image: image1.emf]Figure 1 

You will use a Styrofoam cup in a beaker as a calorimeter, as shown in Figure 1. For purposes of this experiment, you may assume that the heat loss to the calorimeter and the surrounding air is negligible. Even if heat is lost to either of these, it is a fairly constant factor in each part of the experiment, and has little effect on the final results.
Objectives

In this experiment, you will:
• Combine equations for two reactions to obtain the equation for a third reaction. 

• Use a calorimeter to measure the temperature change in each of three reactions. 

• Calculate the heat of reaction, ΔH, for the three reactions. 

• Use the results to confirm Hess’s law. 

Procedure
Part I
Obtain a coffee cup calorimeter and add 120 to 150 mL (measured to the nearest 0.1 mL) of deionized water (d = 1.00 g/mL).  Record the mass of water that you add being sure not to include the mass of the cup and record the temperature to 0.1 (C after 2 minutes of occasional swirling.  Measure 3-4 g of solid sodium hydroxide and record the exact mass on your report form.  Add the sodium hydroxide and gently swirl to ensure mixing for 3-4 minutes and record the “highest” temperature obtained to the nearest 0.1 (C.  Make sure the tip of the thermometer does not touch the NaOH directly and make sure the NaOH completely dissolves.

Part 2
To your coffee cup calorimeter from Part I, add approximately 60-65 mL of 1.0 M HCl solution, and record the mass (d = 1.01 g/mL).  In a clean graduated cylinder measure approximately 50 mL of 1.0 M NaOH solution (d = 1.01 g/mL).  Record the volume to the nearest 0.1 mL.  Measure the temperatures of both of these solutions allowing 2 minutes for the temperatures to reach equilibrium and record the values to the nearest 0.1 (C.  Quickly but carefully pour the NaOH solution into the coffee cup calorimeter containing the HCl solution.  Gently swirl the cup to ensure mixing for 3-4 minutes.  Record the “highest” temperature that is obtained.  Discard the liquid down the drain.
Part 3
To your coffee cup calorimeter from Part I, add approximately 60-65 mL of 1.0 M HCl solution and record the mass (d = 1.01 g/mL).  Place the thermometer in the cup for 2 minutes to record the temperature of the solution.  In a weigh boat, measure approximately 1.5 g of solid sodium hydroxide and record the exact mass on your report form.  Add the sodium hydroxide to the calorimeter and gently swirl the cup to ensure mixing for 3-4 minutes and record the “highest” temperature that is obtained.  Make sure that the bulb of the thermometer does not touch the NaOH directly and make sure that the NaOH dissolves completely.  

Calculations
Assume that the densities of all solutions used in this experiment are 1.01 g/mL.  Hint:  you can use density to convert from mass to volume or from volume to mass.  For part one you are using deionized water with a specific heat capacity of 4.184 J/g·K.  Since the solutions are not pure water they will have a specific heat capacity that is different from 4.184 J/g·K.  The approximate value that you should use for all parts of the experiment is 4.06 J/g·K.

Data



       


 Trial 1

          Trial 2

Mass of Water
______________

_______________

Mass of NaOH
______________

_______________
Total Mass in cup
______________(calculated)
________________(calculated)
Mole of NaOH
______________(calculated)
________________(calculated)

Initial Temperature
_______________

________________

Final Temperature
_______________

________________

Change in Temp.
______________(calculated)
________________(calculated)
(Hsol NaOH

_______________

________________

Average


Accepted


Percent

(Hsol NaOH
__________
(Hsol NaOH
__________
Error
___________







         Trial 1


         Trial 2

Mass of 1.0 M HCl

______________

_______________

Vol. of 1.0 M NaOH

______________

_______________

Mass of 1.0 M NaOH

______________(calculated) ______________(calculated)
Mole of HCl used

______________(calculated) ______________(calculated)
Mole of NaOH used

______________(calculated) ______________(calculated)
Limiting reagent               _______________        
______________

Total Mass in Calorimeter  ______________(calculated)
______________(calculated)
Initial Temperature NaOH 
_______________

_______________

Initial Temperature HCl    
_______________

_______________

Average Initial Temp.
_______________

_______________

Final Temperature

_______________

_______________

Change in Temperature
_______________

_______________

(Hrxn



_______________

_______________

Average (Hrxn

Accepted (Hrxn    


Percent Error
___________
  

 ______________


___________



Mass of 1.0 M HCl
______________


_______________

Mass of NaOH(s)
______________


_______________

Mole of HCl

______________(calculated)

______________(calculated)
Mole of NaOH
______________(calculated)

______________(calculated)

Limiting reagent     _______________     

_______________

Initial Temp. 
_______________


_______________

Final Temperature
_______________


_______________

Change in Temp.
_______________


_______________

(H system 

 _______________


_______________

Average (Hsystem 
__________




Part 1:  (Hsol





Calculation of  (Hsol NaOH for Trial 1





Part 2:  Hrxn





Calculation of  (Hrxn for Trial 1





Part 3:  (Hsys  








Use Hess’s Law to calculate (Hsol indirectly (Average (Hsystem – Average (Hrxn )








