Physical Chemistry 342: Heat of Solution by Two Methods

Objective: In this experiment, you will use constant pressure calorimetry and a van’t Hoff analysis to determine the heat of solution of oxalic acid and compare the reliability and utility of the methods. 

Introduction:

The process of dissolving a substance in a solvent will involve the making and breaking of interactions between molecules (hydrogen bonding, ionic interactions, dispersion forces, etc).  Thus this process can be characterized by a change in enthalpy between reactants (the two pure substances) and products (the solution).  For an arbitrary solute being dissolved in water we can write the balanced chemical equation as:

nS + (1kg) H20 ( nS(aq) with a final concentration in molal of n moles/kg 
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Unlike the balanced chemical reaction used in the heat of combustion experiment, the stoichiometric coefficient n for the solute is not well defined since for a typical solute, solutions can be prepared over a wide range of conditions.  Thus H for dissolving 0.1 moles of solute in 100 g of water will be different than dissolving 0.2 moles in 100 grams of water.  A table of standard heats of solution can be prepared in two ways.  The first is to list the heat for dissolving a fixed amount of solute (usually 1 mole) in an excess but fixed amount of pure solvent.  Such a determination gives the integral heat of solution.  The other possibility is to add an infinitesimally small amount of solute to a solution of S dissolved in water or some other solvent and measure the heat absorbed or given off.  Such a measurement gives a differential heat of solution.  We can define the differential heat as:

Taking measurements at a single molality or molarity yields an integral heat of solution while measurements over a range of concentrations will give the differential heat of solution.  
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We will examine two different approaches to measuring the integral heat of solution.  The first is to determine the solubility of the solute in the solvent at several different temperatures.  This method is often called the van’t Hoff approach and is based on the equation 

     where s is the solubility of the substance.  A plot of ln s vs 1/T will have -H/R as a slope.  Note that this equation suggests that solubility increases as temperature increases for endothermic reactions.  The second approach is to use a solution calorimeter to measure the temperature change upon dissolution and relate this to the heat evolved.  Since the reaction is occurring at constant (atmospheric) pressure, the heat evolved will correspond to the H for the surroundings.  From this the H for the system can be determined.   The approach requires calibration of the calorimeter as was done for the heat of combustion experiment.  

Experimental Procedures:

Part I: van’t Hoff method 

You will first standardized an approximately 0.6 M NaOH solution using KHP (potassium hydrogen phthalate) as a standard.  Weigh out an appropriate amount of KHP, dissolve in water and add phenolphthalein as an indicator.  You will perform a minimum of three trials and determine an average concentration, standard deviation, and standard error for the NaOH solution.  If your standard error is too large, you should perform additional trials.  In week two, you will place three Erlenmeyer flasks along with 5 mL pipets with filters attached in the warming oven.  After the flasks have warmed up, you will add an approximately 30 mL aliquot of the stock saturated oxalic acid solution to each Erlenmeyer flask.  Place each flask in a different temperature bath and record the temperature of each bath.  Allow the flasks to equilibrate at the new temperature.  Then take an approximately 5 mL aliquot of the oxalic acid solution from a particular temperature bath using the warmed pipet/filter apparatus and place it into a previously weighed beaker.  Record the exact weight of oxalic acid solution added to the beaker.  Mass transferred is more important than volume transferred.  Dilute the solution with 100 mL of distilled water and titrate the sample with the previously standardized NaOH.  Repeat the procedure at least twice at each of the three temperatures (three times if time allows).  It is important to get at least some data at all three temperatures.  At the end of the period return any unused oxalic acid to the stock container.  
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From moles of NaOH consumed calculate moles of oxalic acid in the solution and from this grams of oxalic acid dissolved.  Subtract this mass from the weight of the solution to get mass of water.  Calculate the solubility of the oxalic acid as

Plot ln s vs 1/T.  Use a least squares fit to determine the slope and from that the heat of solution.

Part II: Solution Calorimetry


Assemble the solution calorimeter and fill with exactly 50.00 mL of distilled H20 using a volumetric pipet.  Make sure that the tip of the thermometer is in the water and monitor the temperature every 20 seconds for several minutes until it has reached a plateau.  Stir occasionally while monitoring the temperature.  Weigh out about 1 gram of LiCl ( H = -37.04 kJ/mol).  Add the LiCl to the water.  While stirring gently, monitor the temperature of the water every 20 seconds until a new plateau is reached.  Determine T for the reaction and the heat evolved and from this the calorimeter constant for your calorimeter.  Repeat at least three times and calculate an average constant and standard deviation and standard error.  Apply the Q test as well.  Repeat experiment using ~ 1 gram of oxalic acid and calculate q and then H per mole of solution for oxalic acid.

Lab Report


Your lab report should contain a table of data for the standardization of NaOH, a table of data for the solubility of oxalic acid at each temperature, a plot of ln s vs. 1/T and a van’t Hoff determination of H including an error estimate.  For the solution calorimeter, you should include a table of data for determination of the calorimeter constant and a table of data for the heat of solution of oxalic acid.  Report an uncertainty in the calorimeter constant and in the heat of solution of oxalic acid.  An accepted literature value for the heat of solution of oxalic acid is 35.89 kJ/mol.  For both methods, you should discuss whether your value is in agreement with the literature value.  Include some sample calculations as well.

Name

Pre Lab for Heat of Solution Experiment

1) The molecular weight of KHP is 204.23 g/mol.  If I want to use approximately 30 mL of a 0.6 M solution of NaOH in a titration, how many grams of KHP should I use?

2) If a temperature rise of 1.73 K is observed when 1.25 g of LiCl is dissolved in water in a calorimeter, what is the calorimeter constant?

3) What is the heat of solution per mole of oxalic acid (MW = 126.07 g/mol ), if a temperature drop of 1.45 K is seen when 1.21 grams of oxalic acid is dissolved in the same calorimeter as in question 2.  Oxalic acid crystallizes as a dihydrate so be sure and include the weight of the waters of crystallization in your molecular weight
� EMBED Equation.3  ���
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