

Chemistry Lab: Heat of Reaction

Introduction: Reactions that take place in aqueous solutions release heat into or absorb heat from the solution. Since the system is insulated, the heat released by the reaction is absorbed by the solution. We can calculate the heat absorbed by the solution with the equation 

(1)

q = m x Cp x t

Although the solution is not pure water, it is dilute enough so that we can assume its heat capacity is equal to that for water.

(2)

Cpsolution = Cpwater = 4.18 J/gC

Since energy cannot be created or destroyed, the heat absorbed by the solution is equal to the heat released by the reaction.

(3)

qsolution = Hreaction
Because the calorimeter is in contact with the solution, it too is part of the system. If the reaction releases energy, the energy will go into the solution and the calorimeter

(4)



 qsolution + qcal = Hreaction
We can assume that the amount of energy absorbed or released by the calorimeter will be quite small compared to the solution. That means we can use equation (3) to calculate the H of the reaction. If we can calculate the heat released by the reaction, and we know the quantity of reactant consumed, we can experimentally determine the H / mol of reactant of the reaction.

(5)


Hreaction / moles reactant
Objective : Experimentally determine the H  of 2 reactions.

Materials : Microcalorimeter, thermometer, 

Procedure:
Part 1 NaOH(aq) + HCl(aq) --> NaCl(aq) + HOH(l)
1 Mass the calorimeter cup, add about 5.0 ml of a 1.00 M solution of HCl, then mass it again. 

2 Determine the initial temperature to the nearest tenth of a degree.

3 Measure the same volume of 1.00 M NaOH and determine its temperature Add it to the solution in the calorimeter and stir it with your temperature probe. Determine the maximum temperature attained.

4 Repeat 2 times if time allows.

Part 2 2NaOH + H2SO4 --> Na2SO4 + 2 HOH
The procedure in this part is the same, except be sure that the volume of 1.00 M NaOH added is twice the volume of the 1.00 M H2SO4
Data:

Part 1
Run 1
Run 2
Run 3

1) mass calorimeter (g)




2) mass cal + HCl (g)




3) initial temperature of HCl (C)




4) initial temp of NaOH (C)




5) average initial temperature (C)




6) final temperature NaOH + HCl (C)




7) mass cal + HCl + NaOH (g)




Part 2
Run 1
Run 2
Run 3

1) mass calorimeter (g)




2) mass cal + H2SO4 (g)




3) initial temperature of H2SO4 (C)




4) initial temp of NaOH (C)




5) average initial temperature (C)




6) final temperature NaOH + H2SO4 (C)




7) mass cal + H2SO4 + NaOH (g)




Calculations:

Part 1
Run 1
Run 2
Run 3

1) mass HCl (g)




2) mass NaOH (g)




3) total mass solution (g)




4) tsolution = tcalorimeter




5) qsolution = msolCpsoltsol




6) Hrxn = - qsolution




7) moles NaOH = MNaOH x VNaOH (l)




8) Hrxn/ mole NaOH




9) % difference* between experimental and actual




· Calculate actual by using Hf values from the appendix in your book

Part 1
Run 1
Run 2
Run 3

) mass H2SO4 (g)




2) mass NaOH (g)




3) total mass solution (g)




4) tsolution = tcalorimeter




5) qsolution = msolCpsoltsol




6) Hrxn = - qsolution




7) moles NaOH = MNaOH x VNaOH (l)




8) Hrxn/ mole NaOH




9) % difference* between experimental and actual




* Calculate actual by using Hf values from the appendix in your book
Conclusions:
1 If the calorimeter absorbs a significant amount of energy, how would this affect your results?

2 If the calorimeter was not perfectly insulated in this experiment, how would this affect your results?

3 How would your temperature changes be different if you used more concentrated solutions? Would the H / mole of NaOH be affected?
