PIE (Phase Diagram Experiment) – Lab Activity.
Build your own Phase Diagram
Introduction
During the coming week, we will study the properties of various binary and ternary phase diagrams. Phase diagrams are an essential tool in petrology because they allow to understand and quantify the changes underwent by a geological system as a function of intensive variables (i.e., pressure and/or temperature).
The goal of this exercise is for you to build your own binary phase diagram by varying the temperature and the composition of your system and observe the phase transition between solid and liquid.
Shared material:
1) Pure lauric and myristic acid powders
2) A kettle

Material per group:
1) A hot plate, a magnetic bar, and a large beaker (250 mL) of water
2) Two thermometers
3) A tube holder with three tubes containing three different mixtures previously prepared by your instructor
4) Paper towels

For the 1st part of this workshop, you will work in group. Create groups around the available stations (make sure that each group is about the same size).
By the end of the 1st part, each group should have their spreadsheet PIE_part1 completed and handed to your instructor. It is CRUCIAL to finish the first part during the designated lab session. You will not have access to the lab material after this workshop.
Each group only needs to submit one spreadsheet.
Once you are done with the 1st part, you will be handed a second spreadsheet (PIE_part2). While you are encouraged to collaborate on part 2, each of you will submit their own second spreadsheet through Canvas. You have one week to complete the second part.



Part 1. Build your own phase diagram (90 points)
1. Sample preparation
Today, you will use mixtures carefully prepared by your instructor. To prepare each of the mixtures, your instructor has mixed two fatty acids: lauric (LA) and myristic (MA) acids. To make the distinction of these two acids more visual, the pure powders were tinted with food coloring (LA = blue, MA = yellow). The mixture when then completely melting and slowly recrystallized.
Each mixture weight 1.5g total. So, what is the corresponding weights of each acid for a mixture labeled 9:1 in Table 1 below?

2. Station preparation:
First, identify your group number and pick one of the tube holder associated with this number.
Table 1. Initial crystallization temperatures for various mixture of lauric (LA) and myristic (MA) acids
	LA:MA ratio
	10:0
	9:1
	8:2
	7:3
	6:4
	5:5
	4:6
	2:8
	0:10

	Group 1
	X
	X
	X
	X
	
	
	
	
	

	Group 2
	
	X
	X
	X
	X
	
	
	
	

	Group 3
	
	
	
	
	X
	X
	X
	X
	

	Group 4
	
	
	
	
	
	X
	X
	X
	X



The referent/leader student in your group shall prepare a large beaker of water that needs to be set at around 60-65 °C. Use the kettle to bring it to a boil and just use the hot plate to keep it at 60-65 °C.
Fill the large beaker with water. Add the magnetic bar in the beaker. Plug and turn on the hot plate and the magnetic stirrer. Be careful, the stirrer goes very fast, so use the minimal speed!!! 
SAFETY POINT: 
· Glass beakers on hot plate break VERY EASILY. To avoid any issue, do not increase the temperature of the hot plate until the temperature of the water appears constant. This is a slow process, be patient! 
· The hot plate can be very hot! Make sure to not touch the surface of the hotplate.
· If you see that the water temperature increases and goes over 65 °C, slightly turn down the temperature of the hot plate and monitor the temperature of the water until the temperature stays constant between 60 and 65 °C


3. Experiments
2a. Initial temperature of crystallization TL
Once the three mixtures are ready and the temperature of the water in the beaker stays constant around 60-65 °C, one student takes the first tube and insert a digital thermometer through the cap. Make sure that the tip of the thermometer is close to the base of the tube without touching it.
Place the tube in the hot water and gently shake the tube for a few minutes until the whole mixture is liquid. Check for the presence of white crystals that indicate that the mixture is not completely melted. If you see them, continue to gently shake the tube in the water until they disappear.
Remove the tube from the water, dry it rapidly with a paper towel, and monitor the temperature.
Report the temperature at which the first crystal appears.
Tip: the best way to see those crystals is to gently move the solution inside the tube, crystals might appear on the wall of the tube.
Report this temperature in the Table 3 of your spreadsheet
Repeat this experiment three times by placing the same tube back into the hot, making sure it’s completely melted (this time, only a few second will be necessary to melt everything back) and record the crystallization temperature ( Three measurements per sample).
Q: Which temperature (e.g., min, max, average) do you think is the most accurate and why? Report this temperature in the corresponding case in Table 3 of your spreadsheet.
Another student in your group repeat the experiment with another mixture.

2b. Freezing temperature TS
For one of the mixture (see Table 1). Mixture highlighted in yellow
Once you reported the temperature of crystallization three times, place the tube one more time in hot water for a couple of seconds, then place it on the tube holder and monitor the evolution of the temperature with time until the temperature reaches 26 °C. It takes some time to reach this temperature (likely >30 min).
It is very important that the thermometer is in the mixture but does not touch the wall of the tube.
Record the temperature changes (at least) every ~0.5 °C . You need to be ready, it goes very fast during the first few minutes. I recommend taking notes on paper and once the experiments are done, report your notes in your spreadsheet. Use a stopwatch and use the lap feature every 0.5 °C to record the time.
Report the values in Table 4 of your spreadsheet and plot a graph T (Y-axis) as a function of time (X-axis). Make sure to label you axis with the name of the variable and its unit.
If you did the measures correctly, you should see an inflexion point/plateau in your data. This corresponds to the freezing temperature, TS.
Report TS and its uncertainty in your spreadsheet.
By the end of the lab session, Table 5 must be filled. Once you are done with your experiments, provide a copy of your PIE_part1 spreadsheet to your instructor.
Your instructor will combine the data from all the groups. Once all the data are collected, your instructor will provide the Table 5 to everyone.
Part 2. Experimental vs Theoretical data. (50 points)
Once every group has submitted their spreadsheet, the instructor will give students access to a second spreadsheet.
For this second part, each student will need to submit an individual spreadsheet on Canvas.
[bookmark: _heading=h.gjdgxs]The instructions and questions for the second part are directly in the spreadsheet.
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