GEOL 135
    
      Thermodynamics Lab  – Enthalpy

      Fall 2010
This week’s lab will see us measuring thermodynamic properties for a set of minerals and for a reaction involving the dissolution of a mineral.  We will also be determining best fit lines and basic statistical representations to describe the data generated.

Energy – Heat and Enthalpy

Energy can exist in a number of forms – electrical, thermal, mechanical, chemical, kinetic, etc.  Energy can be transferred from one form to another or pass from one entity to another entity, but it can never be created or destroyed.  In the case of heat, we will be thinking about the amount of energy that can flow from one body (a mineral for example) to another body (water in our case) at lower temperature (energy, thermal included, always flows from high to low).  This amount of energy is dependent on the amount of material involved and is therefore an extensive variable.  Different materials also have different capacities for storing thermal energy.  We will be investigating the enthalpy of each mineral using the relationship between enthalpy (H), temperature (T), and heat capacity (Cp) defined by:


H = Cp * T
The Cp for any material is defined as the amount of heat required to raise the temperature of 1 gram of material by 1 degree, for water the Cp=1.00 calories, or 4.184 joules.   For a transfer of heat energy from high to low, one can set up the relation:


(Cp*mass*T)hot object = (Cp*mass*T)cold object
This can be rearranged to determine the specific heat of the sample:
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To find the heat capacity of the sample:


Cp sample = S.H.sample * Cp water
The change in enthalpy for each mineral then can be calculated from Equation 1.
Heat Capacities of Minerals


Minerals are crystalline solids and we usually think of the atoms in minerals as unmoving objects.  However, ONLY at absolute zero (0 K) does the motion of atoms actually stop – in minerals above this temperature (by the way, all minerals everywhere are above 0 K = -273.15ºC) the atoms do vibrate – imagine the atoms are attached to each other with springs and the balls are constantly moving around (this approximates a 3-D harmonic oscillation).  This movement is principle in thinking about how minerals store thermal energy – higher T means faster movement.  

Task 1: Determining the Enthalpy of selected minerals

Divide into 4 groups for this exercise, each group will have:

· 2 Styrofoam cups

· Digital thermometer

· Room temperature distilled water in a squeeze bottle

In the fume hood there are 2 large beakers of boiling water, with several mineral samples (calcite, magnetite, pyrite, and galena) that should be at thermal equilibrium with the water.  Each group will measure the heat capacity for each of the minerals, there are 4 replicates for each group to do and at the end we will combine the data.
1. Assemble your calorimeter - nest your 2 dry Styrofoam cups together, weigh and record the mass, then add 100 ml of the room temperature water, weigh this on the balance and record the mass

2. Position your thermistor in the water and record the temperature

3. Record the temperature of the boiling water using the thermistor that is already in the water

4. Quickly but carefully ( use a pair of tongs to grab one of the minerals and put the mineral into your calorimeter (be careful not to splash any water outside the cup)

5. Stir/swirl the cup with the mineral in it and record the maximum temperature reached, then record the mass again and calculate the mass of the mineral and the mass of the water.
6. Calculate the S.H. and Cp for each of your mineral samples, be wary of units, Cp should be presented in joules per degree per gram and joules per degree per mole
7. Gather with the other groups and share your results in Table 2, put these into excel and calculate the mean and standard deviation
8. Given that the density (in g cm-3) for calcite is 2.8, magnetite is 5.2, pyrite is 5.0, and galena is 7.6, plot Cp vs. density and determine the best fit line and r2 value for the fit.  Briefly discuss why there might be a relationship with Cp and density.
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Task 2: Enthalpy determination for a reaction

We may also determine the enthalpy associated with a specific reaction using calorimetry.  Using the same calorimeter setup we will measure the enthalpy change associated with the reaction describing the dissolution of the mineral sylvite (KCl):
KCl + H2O ( K+ + Cl- + H2O

By adding 5 g of KCL powder to 50 ml of water in our calorimeter and measuring the temperature change associated with the reaction.  The enthalpy of the reaction is related to the temperature change associated with the reaction in solution via:

dH = q /dT, which can be stated as:  H=S.H.solution*masssolution*T 

where the S.H. of water is 4.184 J/g-K, mass is in g, and  is the measured temperature change in Kelvins.  Measure the associated with the reaction and calculate 
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