Metal 471

Laboratory 11b

Thermodynamic Calculations II: Enthalpy of Oxygen Absorption

1. Objective

The objective of this laboratory is to calculate the enthalpy of oxygen absorption in a high Tc superconductor (CaBaLaCu3Ox) using data supplied by a differential scanning calorimeter (DSC).

2. Background

2.1. High Tc superconductors 

High Tc superconductors are a class of oxides which conduct electricity completely without resistance at temperatures around 90K. Such high critical temperatures allow these superconductors to be used with only liquid nitrogen as a coolant, rather than the much more expensive liquid helium (note that liquid nitrogen is cheaper than beer). The ability of this class of materials to be superconducting depends sensitively on the oxygen content. For both CaBaLaCu3Ox and its more famous cousin, YBa2Cu3Ox the value of "x" in the molecular formula has to be slightly less than 7 for the best superconducting properties. If x drops below 6, the structure of the material changes, and it is no longer superconducting. Unfortunately, the processing of ceramic superconductors often involves heat treatments that expose the materials to high temperatures, and oxygen is lost as a result. Oxygen can, however, be resupplied by heating the oxygen-deficient sample in an oxygen-rich environment. The data in this experiment were obtained in order to determine the thermodynamics of oxygen absorption in CaBaLaCu3Ox, so as to better plan oxygenating heat treatments in the future.

2.2. Differential Scanning Calorimetry (DSC)

A differential scanning calorimeter is an instrument that measures the heat absorbed or released by a sample as it undergoes transformations or chemical reactions. The machine contains two pans: a pan containing the sample and an empty pan to be used as a reference standard. Energy is supplied to both pans simultaneously to allow them to heat up at a constant, specified rate (e.g., 5°C/min). If the temperature of the sample pan drops below the reference pan (this happens when an endothermic reaction is occurring in the sample) then the DSC supplies more heat to the sample to keep its temperature up to that of the reference pan. Conversely, if the sample undergoes an exothermic reaction and heats up, the heat supplied to that pan is dropped to ensure its temperature does not exceed the temperature of the reference pan. By adjusting the power adjustment, it is possible to keep the sample and reference pans heating at the same rate; the difference between the heat input to the sample and reference pans is sent as a signal to a recording device, which makes a plot like Figure 1. Note that the y axis is in mW (mJ/s) and the x-axis is in °C. The area under the curve represents the total heat gained or lost during the event of interest: in raw units, the area works out to mJ ( °C/s, but if we divide by the heating rate of the experiment (in °C/sec ), then the area is converted to millijoules -- units of energy (or heat). In thermodynamics, we call the heat gained or lost during a reaction (provided the reaction is conducted at constant pressure in a closed system) “(H”, or the enthalpy of reaction. Thus, simply from the area beneath a DSC curve, we can calculate the enthalpy of a reaction. Common reactions for which enthalpies are measured include melting ((Ht = heat of fusion), phase transformations ((Ht = heat of transformation), and crystallization ((Hc = heat of fusion). In this exercise, we will determine the (H corresponding to oxygen absorption in a superconductor.

3. Procedure

The curves on the following page represent the heating of 47.41 mg of oxygen-deficient CaBaLaCu3Ox in pure oxygen (heating rate = 20°C/min). Overall, 0.181912 milligrams of oxygen were gained in this sample during the heating run (the weight gain was measured in a parallel experiment in another instrument). As oxygen atoms were gained, heat was released from the sample, causing the heat supplied by the instrument to go down. 

In Figure 1, there are actually two curves: the solid line represents the first heating in oxygen, during which oxygen is absorbed. The dashed line represents a second heating of the same sample in oxygen (no oxygen is absorbed on this round) and is intended as a baseline curve that should be subtracted from the first before any calculations are performed. Ultimately, from these data, one should be able to calculate:

1) the total (H for the absorption of oxygen in 47.41 mg of oxygen-deficient CaBaLaCu3Ox and 2) the enthalpy released per oxygen atom absorbed (this value is most conveniently expressed in eV; there are 1.602 x 10-19 joules in an electron volt). Use a digitizing program to enter these curves into a database, use a curve-fitting program to develop equations for these two curves and, finally, use these equations to subtract the second curve from the first and calculate the area between the curves (= the area occupied by the dip in the first curve). This area will be used to calculate (H. By the way, what is a much simpler way of measuring the area between the two curves?
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