Thermochemistry and Hess’s Law

Introduction

     In this experiment the enthalpy change, (H, that occurs when three acid-base reactions take place is MEASURED: (1) sodium hydroxide and hydrochloric acid solutions are mixed, (2) ammonium chloride and sodium hydroxide solutions are mixed, and (3) ammonia and hydrochloric acid solutions are mixed. 
     You will then test Hess’s Law by using the following molecular equations for the three reactions:

(1) NaOH(aq) + HCl(aq) ( NaCl(aq) + H2O(l)

(2) NH4Cl(aq) + NaOH(aq)  ( NH3(aq) + H2O(l) + NaCl(aq)

(3) NH3(aq) + HCl(aq) ( NH4Cl(aq)
According to Hess, if a reaction can be carried out in a series of steps, the sum of the enthalpies for each step should equal the enthalpy change for the total reaction. Another way of stating “Hess’s Law” is: If two chemical equations can algebraically be combined to give a third equation, the values of (H for the two equations can be combined in the same manner to give (H for the third equation. 

Using Hess’s Law, determine how to calculate (H for reaction 3 using the (H’s for 1 and 2. ((H3 = _____________________)

     There is no single instrument that can directly measure heat in the way a balance measures mass or a thermometer measures temperature. However, it is possible to calculate gain or loss of heat when a chemical reaction occurs. The change in heat is calculated from the mass, temperature change, and specific heat of the substance which gains or loses heat. 

(The equation used to calculate heat gain or loss is:  q = mc(T. A positive value for q indicates a heat gain while a negative value for q indicates a heat loss. (Acid—base neutralization is an exothermic process, so the water will experience a heat gain and therefore the temperature will rise.) 
     Based on the conservation of energy, you would assume that the heat lost by the reaction will equal the heat gained by the water (qreaction = -qwater). However, in actuality heat is also gained by the calorimeter. For that reason, qreaction = -(qwater + qcalorimeter). You will calculate qcalorimeter by the equation: qcalorimeter = ccalorimeter(T. 
You will determine the heat capacity of the calorimeter, ccalorimeter, and then you will be able to calculate qcalorimeter. 
You will then use the heat quantity (qreaction) to convert it to the enthalpy change for the reaction ((Hreaction) in terms of kJ/mol using the concentrations of the reactants. In this way, you will calculate (H for all three reactions. These are considered your measured values for (H even though a calculation was involved (your calculation involved measurements).
Finally, to verify Hess’s Law, you will use the (H’s you measured for the first two reactions to calculate (H for the third reaction. Compare it to what you measured for the third reaction by calculating the Percent Error.

Directions
Part 1: Find the Heat Capacity of the Calorimeter, ccalorimeter.
     Construct a coffee-cup calorimeter and measure 50.0 mL of distilled water at room temperature into the calorimeter. Add a magnetic stir bar and place on a stir plate. Turn the stir plate on so that it spins slowly and record the temperature as precisely as you can. 

     Heat about 75 mL of distilled water to about 70(C on a hot plate. Measure 50.0 mL of this water into a different Styrofoam cup and precisely record its temperature. Immediately pour the hot water into the room temperature water, cover, insert the thermometer, stir and record the temperature every 20 seconds for three minutes using a timer. 

     You will then calculate ccalorimeter. (See #5 from your Calorimetry worksheet you did for homework). Mrs. Linden will show you how to use Excel to plot your graph of Temperature versus Time.

     Empty and dry the calorimeter for Part 2.

Part 2: Find the Heat of the Reactions, (H1, (H2, and (H3
Reaction 1:

     Determine the temperature change that occurs when 50.0 mL of 2.0 M HCl solution reacts with 50.0 mL of 2.0 M NaOH: 

     First, measure the temperature of each of the solutions, Ti. Be sure to rinse (with a wash bottle) and dry the thermometer before transferring it to the second solution. If the solutions temperatures do not agree (0.2(C, average the two temperatures to use as your Ti. 

     Then, measure out 50.0 mL of 2.0 M HCl and put it in the calorimeter. Add the stir bar and turn stir plate on (stirring slowly). Measure out 50.0 mL of 2.0 M NaOH, add it to the acid, quickly cover and insert the thermometer. Record the temperature to the nearest 0.1(C after 20 seconds, and every 20 seconds for 3 minutes. Graph the temperature versus time and extrapolate the line back to find the theoretical instantaneous mixing temperature, Tf, as you did in Part 1.
     Calculate the amount of heat evolved in the reaction, qreaction​ (=-(qwater + qcalorimeter)).

                       qwater = mwatercwater(T      and      qcalorimeter = ccalorimeter(T

     Calculate (H in terms of kJ per mol. (Hint: Reactants are mixed in a 1:1 ratio and solution volume is 50.0 mL with concentration of 2.0 M)
Reaction 2 and 3: Follow same procedure for reactions 2 and 3.
Part 3: Test Hess’s Law
     Using (H1 and (H2 from Part 2, calculate (H3. Compare this value to what you measured for (H3 in Part 2 by calculating Percent Error.

Safety Precautions

     You will be working with strong acids and bases in concentrated solutions. The ammonia and hydrochloric acid have strong odors. If you spill any on yourself, wash off with logs of water. Neutralize acid spills on the alb bench with baking soda. Neutralize ammonia and sodium hydroxide spills with vinegar, which is dilute acetic acid. 

     When NaOH and NH4Cl solutions are mixed, ammonia gas is evolved. Work in a fume hood!
Disposal

The solutions can be flushed down the drain with a 20-fold excess of water.

Pre-Lab Instructions

(Make sure you have completed the Calorimetry worksheet for homework before doing this pre-lab!!)
In your lab notebook:

1. Fill in the blank in the Introduction.

2. List materials needed

3. Draw diagrams for Part 1 and Part 2 including materials in the diagram

4. Write Procedure steps (cook book style: 1, 2, 3, etc.) for Parts 1 and 2.

5. Set up your Data Tables for Part 1 and Part 2. (Collecting Data for Temperature and Time)
