Lab 6: Hess’s Law and Bond Enthalpy
Scientists can directly measure the enthalpy changes in chemical reactions by both indirect and direct methods. In this lab, you will determine the enthalpy changes in two important classes of chemical reactions using both methods.
Part I:
Among other applications, magnesium carbonate plays a prominent role in biological research owing to its relatively safe delivery of magnesium ions to proteins involved in DNA replication. In this part of the lab, you will indirectly calculate the heat of formation of magnesium carbonate by directly measuring the heat evolved when adding magnesium and magnesium carbonate to hydrochloric acid.
Part II:

When most people think of alcohol, they think of wine and beer (and good times). To chemists, however, an alcohol group is an oxygen-hydrogen single bond (-OH). In this part of the lab, you will burn different alcohols in order to calculate various bond enthalpies. 
Procedure:

Part I - 
1. Weigh the mass of an empty beaker.

2. Add approximately 30 mL of 3 M HCl to the beaker. 
3. Weigh the mass of the beaker and HCl.
4. Obtain a piece of Mg ribbon from Mr. Shank. Use an analytical balance to measure its exact mass.
5. Using a thermometer, measure the initial temperature of the HCl solution.

6. Add the pieces of Mg to the HCl solution. Record the highest temperature of the solution.
7. Repeat steps 1 – 7, using approximately 2.0g of MgCO3.

Part II – 

1. Weigh the mass of a conical flask.
2. Fill the flask with about 100 mL of water. Record the combined mass of the flask and water.
3. Measure and record the mass of an alcohol burner containing ethanol.

4. Position the alcohol burner under the water-filled flask using a ring-stand in a setup similar to the one you used in the Peanut Calorimetry lab. 
5. Record the initial temperature of the water in the flask.

6. Light the wick of the alcohol burner, and monitor the temperature of the water. Record the ‘start’ time when you first light the burner.
7. Record the water temperature every 30 seconds.

8. When the water temperature has increased by about 30 C, extinguish the flame.

9. Record the ‘end’ time when you extinguish the flame. 

10. Record the exact value of the final water temperature.

11. Measure and record the mass of the alcohol burner.

12. Empty the water in the flask, and fill the flask with a fresh 100 mL of water.
13. Repeat steps 1 – 12 for the three other alcohol burners.

Important: Make sure to place the keep the distance between the top of the alcohol burner and the bottom of the flask consistent for each experiment.

Pre-Lab (to be completed in your lab notebook):

1. Prepare your lab notebook BEFORE coming to lab. Before beginning your experiments, I will check everyone’s lab notebook for

a.  Lab title and page number in Table of Contents

b. Title on first page of lab

c.  Procedure

d. Data section, including data tables and space for observations
Please read the Pre-Lab for ‘Peanut Calorimetry’ for a more detailed explanation.

2. In your ‘Pre-Lab’ section, answer the following questions.
a. Write balanced chemical equations for each of the following:
i. Hydrochloric acid reacted with magnesium
ii. Hydrochloric acid reacted with magnesium carbonate
iii. The formation reaction for water
iv. Carbon dioxide formation reaction
v. Magnesium carbonate formation reaction
b. Write a formula to calculate the enthalpy of reaction (v) from the enthalpies of reactions (i) through (iv). Show how you arrived at this formula. (In other words, show the ‘addition’ of different reactions).
c.  What ‘law’ did you use to answer (b)?
d. Write the chemical equation for the combustion of one mole of methanol (CH3OH) at 150 C
e.  Write two formulas for calculating the enthalpy of combustion of methanol
i. Using bond enthalpies
ii. Using heats of formation
f. In one experiment, burning 1.5 g of methanol causes the temperature of 200 g of water increases from 22 C to 62 C. Given this and the data below, calculate the enthalpy of the O-H bond in methanol


 
ΔHf (H2O) = -241.8
kJ/mol 



ΔHf (CO2) = - 393.5 kJ/mol




ΔH(H-H) =
436 kJ/mol




ΔHf (C-H) =
 413 kJ/mol




ΔHf (C-O) = 360 kJ/mol




ΔHf (O=O) = 498 kJ/mol

g.  If the reaction in part (f) occurs in 20 minutes, determine how many moles of methanol were combusted per second (the rate of the reaction).
