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MATERIALS
	LabQuest
	2.0 M Hydrochloric acid

	LabQuest App
Temperature Probe
Ring stand
	2.0 M Sodium hydroxide
2.0 M Ammonium Chloride
2.0 M Ammonium Hydroxide

	Utility clamp
	100 mL graduated cylinder

	two 250 mL beakers
	glass stirring rod

	Styrofoam cup 
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PROCEDURE
	1.	Obtain and wear goggles. Conduct this experiment in a well-ventilated room.
	2.	Connect the Temperature Probe to LabQuest and choose New from the File menu. If you have an older sensor that does not auto-ID, manually set up the sensor.
	3.	Change the data-collection rate to 30 samples/minute and the length to 5 minutes.
	4.	Nest a Styrofoam cup in a 600. mL beaker as shown in Figure 1. Place a 100. mL beaker in the Styrofoam cup.  Measure out 40.0 mL of 2.0 M hydrochloric acid into the 100. mL beaker within the foam cup. CAUTION: Handle the hydrochloric acid with care. It can cause painful burns if it comes in contact with the skin.
	5.	Use a utility clamp to suspend the Temperature Probe from a ring stand (see Figure 1). Lower the Temperature Probe into the HCl solution.
	6.	Measure out 40.0 mL of 2.0 M NaOH solution. CAUTION: Sodium hydroxide solution is caustic. Avoid spilling it on your skin or clothing.
	7.	Start data collection and record the initial temperature of the HCl solution. After 
3–4 readings have been plotted, add the 40.0 mL of NaOH solution to the foam cup all at once. Stir the reaction mixture gently.
	8.	Data collection will stop after 5 minutes. 
	9.	Determine the initial and maximum temperature readings during the reaction.
1. Choose Statistics from the Analyze menu. 
1. Record the initial and maximum temperatures in your data table. If the minimum temperature is not a suitable initial temperature, examine the graph and determine the initial temperature.
Store the data from the first run by selecting the File Cabinet icon.
	10.	Rinse and dry the Temperature Probe, Styrofoam cup, and stirring rod. Dispose of the solution as directed.
	11.	Repeat Steps 4–10 to conduct the same experiment with ammonium chloride and sodium hydroxide, then ammonium hydroxide and hydrochloric acid.  Save a copy of the each graph and email them to yourself. 

DATA TABLE
	
	HCl/NaOH
	NH4Cl/NaOH
	NH3/HCl

	Maximum temperature (°C)
	
	
	

	Initial temperature (°C)
	
	
	

	Temperature change (∆T)
	
	
	





	1.	Use the equation below to calculate the amount of heat energy, q, produced in each reaction. In determining the mass, m, of the solution use 1.03 g/mL for the density. Use 4.18 J/(g•°C) as the specific heat, Cp, of the solution.
q = Cp  m  ∆T

	2.	Verify Hess’ Law by writing the equations for each reaction and show how you can find the third equation algebraically from the first two equations.  Calculate the value of ∆H of the third reaction from the values of the first two using Hess’ Law.

[bookmark: _GoBack]	3.	Find the percent difference between calculated and measured values for reaction #3.  Do the measured values support Hess’ Law?
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~ INTRODUCTION

Thermochemistry is the study of the energy change associated with chemical reactions.
Every substance contains stored energy and this stored energy is known as enthalpy, or
heat content. While it is impossible to directly measure the total enthalpy of a reaction,
it is possible to measure the change in enthalpy.

As a chemical reaction occurs, there is a quantitative relationship between the reaction
and the heat that is either liberated or absorbed during the reaction. In an exothermic
reaction, where heat is liberated, the resulting products must contain less heat than the
starting reactants. In other words, the change in heat content, or enthalpy, is negative
for exothermic reactions. Conversely, in an endothermic reaction, which requires the ad-
dition of heat, the change in enthalpy will be positive. This can be expressed generically
as: .

AH=H,—-H,

where H, is the heat content before the reaction, H, is the heat content after the reac-
tion, and AH is the change in heat energy, or change in enthalpy.

The primary source of chemical energy is stored in bonds. All chemical reactions involve
some form of bond breaking and/or bond forming and the energy in the bonds varies
based on the bond. The breaking of a bond always requires energy. If it takes more
energy to break the bonds than is released during bond formation, energy.is absorbed
from the surroundings and the reaction is endothermic. If the bond forming process
releases more energy than was required to break the bonds, the excess energy is given
off to the surroundings, in the form of heat, as an exothermic reaction. As many reac-
tions are a combination of several steps and cannot always be carried out conveniently
in the lab, measuring change in enthalpy can be difficult.

One way around this is to employ Hess’ Law, also known as the Law of Constant Heat
Summation. Hess’ Law states that the heat energy involved in a chemical reaction, if no
external work is done, is the same whether the reaction occurs in one or several steps.
In other words, regardless of how the reaction occurs, enthalpy change is only depen-
dent on the start and end states of the reaction.
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While there is no way to directly measure the gain or loss of heat during a reaction, the
change in heat can be calculated based on mass, temperature change, and specific
heat of the substance which is either gaining or losing heat. The equation to calculate
the heat lost or gained is:

Q = meat

where Q is the heat gain or loss, m is the mass of the substance, ¢ is the specific heat
of the substance, and At is the change in temperature,
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Acid-base neutralization is an exothermic process. The heat generated by these reac-
tions can be calculated from the mass of solution, specific heat of the solution and the
change in temperature. This heat quantity can be converted to enthalpy in terms of kJ/
mole by using the concentration of the reactants. The molecular equations for the reac-
tions are:

1. NaOH(aq) + HCI NaCl(ag) + H,0

2. NH,Cl(aq) + NaOH(agq) — NH,(aq) + NaCl(ag) + H,0
3. NH(aq) + HCl — NH,Cl(aq)

We will experimentally test Hess’s law to see if combining the values of AH for the first
two equations will result in the AH of the third equation.

8 X 250ML  Hydrochloric Acid, 2.0M
8 X250ML  Sodium Hydroxide Solution, 2.0M
2 X 500ML  Ammonium Chloride, 2.0M

2 X 500ML  AmmoniumHydroxide, 2.0M

Iate

als Needed but ot Supplied

30 each 50mLl. graduated cylinders

15 each 100mL glass beakers

30 each Styrofoam coffee cups with tops

15 each Thermometers (calibrated to +/- 0.1° C)

15 each Ring stand, wire gauze and Bunsen burner or hot plate
Optional: = 15 each magnetic mixers/stir bars

Rubber gloves, Aprons, Safety goggles

Safety note: Acids and bases are extremely corrosive to skin and eyes. Ammonium
hydroxide vapor is irritating and should be handled under a fume hood. These solutions
are toxic. Wash hands with soap and water after handling chemicals.

Chemical disposal: Since these reactions are neutralization reactions the resulting so-
lutions are dilute salt solutions which can be safely flushed down the drain with copious
amounts of water.
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