Advanced Vitreous State: The Structure of Glass
Spring 2006

Homework 1

Instructions: This is a team project. Please choose a partner to work with either from your university or one of the other universities. 
Fundamentals of the Glass transition

1. GeO2 is known to be strongly glass forming material. In this problem you will calculate and then plot the temperature dependence of the expansion coefficient, heat capacity, molar volume, molar enthalpy, and molar entropy of the crystalline, liquid, supercooled and glassy GeO2.
a. Find a few values for the density for the density of both crystalline (stable form at 298K and 1 atm) and glassy forms of GeO2. State the crystalline structure if you find different polymorphs. Cite all references from where you collected this information.

b. Find values for the melting point and glass transition temperature of GeO2.

c. Calculate the molar volume of these phases from the averages of the density values you were able to find. If there were “out lire” values that you ignored, state why you ignored these values.

d. Find values for the temperature dependence of the thermal expansion coefficient for crystalline and liquid GeO2 and cite the references to the literature.

e. Find values for the density (or molar volume) of GeO2 in the liquid state at normal pressures. 

f. Now, calculate and plot the molar volume liquid GeO2 from it melting point up to 1500 oC (extrapolate if necessary)

g. Calculate and plot the molar volume of the crystalline state from 298 K up to its melting point.

h. Calculate and plot the molar volume of glassy GeO2 up to and slightly beyond the nominally accepted value of Tg for glassy GeO2.

i. Now, extrapolate the molar volume of liquid GeO2 down into the supercooled liquid range until it intersects (if it does) the glassy curve.

j. Do the two Tgs agree?

k. If the curves do not meet, molar volume of the liquid too high or too low, look carefully at your calculations to see if an error has been made, If not, then adjust the change in volume at the melting point until the two curves, supercooled liquid and glassy molar volumes intersect at the accepted Tg. What percentage molar volume was required to have the curves meet at the accepted Tg?

2. Repeat these calculations and plots for the molar enthalpy; take the enthalpy at room temperature to be zero.

3. Repeat these calculations and plots for the molar entropy. The value for the entropy of GeO2 crystal at 298 K should be known.

4. Now, from the entropy of the crystalline and glassy phases, calculate and plot the temperature dependence of the excess entropy of GeO2. From this plot and calculation, calculate the expected Kauzmann temperature for GeO2 and compare it to the Tg of GeO2. Are they ordered in the way in which you think they ought to be?

Kinetics of Glass formation

5. A particular liquid is found to crystallize on very slow cooling at 1000 oC. However, with very rapid cooling, a glass can be produced and when measured, it the glass is found to have a Tg of 575 oC. For intermediate cooling rates, by trial and error it is found that cooling the liquid at 100 oC/minute is the slowest possible rate to cool the liquid without x-ray diffraction showing the presence of crystalline diffraction peaks in the x-ray powder pattern of the solidified mass. Use these observations to sketch as accurately as you can the TTT curve for glass formation for this liquid.

6. In this problem you will calculate and plot the temperature dependence of the homogeneous nucleation and growth rates as well as the Time-Temperature-Transformation (TTT) curves for silica, a very strong glass former, and water, a very poor glass former. From the TTT curves, you will then estimate the critical cooling curves for silica and water. 

a. To begin, find and plot values for the temperature dependence of the viscosity above the melting point of each liquid and fit the data, if it is not available, down to accepted literature values of the glass transition temperature. If you can find more accurate non-Arrhenius (VTF, for example) fits to the viscosity, use them. If, not use a simple Arrhenius expression for the viscosity.  

b. Now, find values for the melting point (K) molar volume, molar enthalpy of melting for both water and silica.

c. From the viscosity data, calculate or use the activation energy for diffusion (viscosity).

d. Use an Excel spreadsheet, MathCAD, or similar math/plotting package, and the different parameter sets, for each system, calculate the temperature dependence of the nucleation and growth curves for water and silica. The temperatures should start at the melting point and decrease below Tm. Use the approximation that the surface energy term ( is give by the expression,
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is the enthalpy of fusion (melting) per mole, N0 is Avogadro’s number and V is the molar volume, cm3/mole (taken at room temperature). The enthalpy of melting for SiO2 and H2O can be found in the tables of thermodynamic data for the oxides. The density of water and silica can be found in literature. Use other parameters as given in the lecture notes.
Compare your TTT curve for silica to that shown on Figure 3-15 of Varshneya.

Calculate the critical cooling rate for silica and water and compare the values you obtain to those in Table 3-5 of Varshneya.

7. From your nucleation and growth curves, estimate laboratory appropriate values for the nucleation and growth temperatures and times necessary to produce a 1 cm x 1 cm x 1 cm glass ceramic of water and silica that would have crystallites 100 microns in size.

8. Please write a brief summary of how effective your team was. What worked well, what worked less well?  How did you accomplish the tasks descried above? Do you both believe the work was accomplished evenly? Why or why not?

This assignment is due Monday at class time February 5. Professor Skaar will instruct you how to turn in your assignment, convert it to a single PDF file, through the Clemson Blackboard class interface.
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