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Notes to authors are in italics and highlighted. 

Video A: Instructor’s Guide to Setup – (Distillation)

1. List of Materials (assuming a lab group of 10 students)
20 mL cyclohexane
20 mL toluene
Thermometer x5
Thermometer adapter x5 (may be part of the distilling head)
Magnetic stirrer x5
Magnetic stir bar x5
Heating mantle x5
Varistat x5
Stand x10
Clamps x10
Condenser x5
Distilling head x5
10-mL graduated cylinder x5
Long-neck round bottom flask x5
Connecting tube x5
Plastic keck clip x 20
Rubber tubing x 10 
Vacuum grease
1-mL volumetric pipette x10
Pipette bulb x5
Thermometer adapter x 5
Cork ring holder for round bottom flask x 5
Small beaker with sand x 5


Instructor Materials:
200-mL glass bottle x2
Glass funnel x2

2. Title (Setup- no title slide)

2.1. Start by setting out the glassware and equipment that the students will need to build the distillation apparatus. [1-WIDE] Each group will need two stands, a stir plate, a heating mantle and a Varistat. [2-MED] Also provide each group with a round bottom flask, cork ring holder,  a distilling head, a condenser, a connecting joint, a 10-mL graduated cylinder, two 1-mL volumetric pipettes, a pipette bulb, thermometer adapter, and a small beaker of sand. [3-MED] Each group will also need a thermometer, magnetic stir bar, four keck clips, two pieces of rubber tubing, vacuum grease, and two stand clamps. [4-MED]
2.1.1. Talent (wearing gloves, goggles and lab coat) approaches a hood carrying a tray of the glassware and equipment needed for experiment. 
2.1.2. Talent sets out items listed in VO.  Read aloud to time with the VO.  Pause slightly between each item. We should clearly see each item on the bench top when placed. 
2.1.3. Talent sets out items listed in VO.  Read aloud to time with the VO.  Pause slightly between each item. We should clearly see each item on the bench top when placed.
2.1.4. Talent sets out items listed in VO.  Read aloud to time with the VO.  Pause slightly between each item. We should clearly see each item on the bench top when placed.

2.2. Now, set up an example distillation apparatus for the students to refer to. [1-WIDE] First, place two stands next to each other in the hood, placing a stir plate on the base of one of the stands. [2-MED] Set the heating mantle on top of the stir plate, and plug it into the Varistat. [3-MED over the shoulder] 
2.2.1. Talent organizes the glassware for the setup in the instructor hood and makes room to start building the apparatus. 
2.2.2. Talent sets two stands next to each other in the hood, then places the magnetic stirrer on the stand on the left. 
2.2.3. Talent places heating mantle on top of the magnetic stirrer, and then plugs it into the Varistat. 

2.3. Clamp the round-bottom flask to the stand over the heating mantle. [1-MED] Next, carefully insert the thermometer into the thermometer adapter and then the distilling head by gently pushing and twisting the thermometer until the bulb is below the bend of the distilling head. [2-CU] Then, insert the joint of the distilling head into the round bottom flask. [3-MED] 
2.3.1. Talent clamps round bottom flask to the stand
2.3.2. Talent picks up the thermometer and inserts into adapter and then the  distilling head by gently pushes and twists the thermometer into the distilling head. Talent connects the distilling head to the thermometer adapter.  
2.3.3. Talent inserts the distilling head/thermometer into the round bottom flask. 

2.4. Now, clamp the condenser to the second stand. [1-MED] Connect a piece of rubber tubing to the tap water faucet in the hood, and the inlet port of the condenser, which is located away from the distilling head. [2-MED over the shoulder] Then, attach the other tubing between the outlet port, which is located closest to the distilling head, and the drain. [3-MED]
2.4.1. Talent clamps the condenser to the stand, and tilts it so it is diagonally oriented with the high end near the second port on the distilling head.  
2.4.2. Talent connects tubing to the inlet (away from the distilling head) and then connects other end to the tap water in the hood. 
2.4.3. Talent connects tubing to the outlet (close to the distilling head) and places other end in the drain. 

2.5. Connect the condenser to the distilling head, [1-MED/CU] and then attach the connecting joint to the other end of the condenser. [2-MED] Finally, place a 10-mL graduated cylinder below the connecting joint, [3-MED over the shoulder] and secure each of the joints using a keck clip. [4-MED/CU]
2.5.1. Talent connects the condenser to the distilling head. 
2.5.2. Talent picks up the connecting joint and connects it to the other end of the condenser. 
2.5.3. Talent places the 10-mL graduated cylinder beneath the connecting joint. 
2.5.4. Talent attaches keck clip at each joint. 

2.6. Now that you have setup the demo apparatus, [1-MED/WIDE] prepare the two solvents the students will use in the experiment.  [2-WIDE] Each group will need 2-mL of toluene and 2-mL of cyclohexane, so ensure that you have enough for all groups. [3-MED] 
2.6.1. Pan across completed distillation setup. 
2.6.2. Talent goes to flammables cabinet to get the cyclohexane and toluene stock bottles. Talent brings them to the hood. 
2.6.3. The bottles of cyclohexane and toluene sitting in the hood. We should be able to read the text on the labels. 

2.7. Pour a smaller amount of each solution into a labeled glass bottle in order to make it safer for students to measure the solvents without handling the large volume stock bottles.   [1-MED over the shoulder] Set these solvents in the instructor hood for students to access during the experiment. [2-MED]
2.7.1. Talent pours about 20 mL of cyclohexane into a labeled glass bottle, using a funnel, then talent caps the bottle. Then talent pours about 20mL of toluene into a labeled glass bottle using a new funnel. 
2.7.2. Talent caps second bottle (toluene) and then places both to the side in the instructor hood.  





Video B: Student Laboratory Exercise – (Distillation)

3. Title (Experiment- No title slide)

3.1. Distillation is a purification method used to separate components of a liquid mixture by exploiting the difference between their boiling points. [1] When heated, the most volatile substance in the mixture is vaporized, while the less volatile substance remains in the liquid form. [2] In this experiment, you will perform a simple distillation, using this glassware setup. [3] As the mixture is heated in the round bottom flask, it boils at a temperature between the boiling points of the two pure liquids. [4]
3.1.1. See storyboard. 

3.2. The gas phase is rich with molecules of the component with the lower boiling point. [1] The gas flows into the condenser, which has cold water flowing through it to cool the vapor and condense it into a liquid, called the distillate. [1] The liquid distillate then flows into a separate container, enabling the separation of the two components. [3] In this lab, you will perform a simple distillation by separating a mixture of cyclohexane and toluene. [4] 
3.2.1. See storyboard 
3.2.2. See storyboard 
3.2.3. See storyboard
3.2.4. Reuse shot:  3.12.3
Disclaimer: We suggest that students work in pairs for this experiment.

3.3. Before you start the lab, put on the appropriate personal protective equipment, including a lab coat, safety goggles and gloves. [1-WIDE] This experiment must be conducted in a hood. [2-MED] 
3.3.1. Talent is already wearing lab coat and puts on PPE in order listed in VO
3.3.2. Talent approaches the hood.  

3.4. First, you will need to assemble the distillation apparatus. [1-MED over the shoulder]. Refer to the example set-up that has been prepared by your instructor [2-MED]. Then, set up the two stands next to each other in the hood, and then place the magnetic stirrer on the base of one of the stands. [3-MED] Place the heating mantle on top of the magnetic stirrer, and then plug it into the Varistat. [4-MED over the shoulder-TEXT] Add 5-10 mL of sand to the heating mantle. This will allow more homogenous heating of the round bottom flask.
3.4.1. Talent organizes the glassware for the setup in the hood, and makes room to start building the apparatus. 
3.4.2. Talent inspects instructors distillation set-up. 
3.4.3. Talent approaches their own bench and sets the two stands next to each other in the hood, then places the magnetic stirrer on the stand on the left. 
3.4.4. Talent places heating mantle on top of the magnetic stirrer, and then plugs it into the Varistat. (TEXT: Do not turn on the Varistat yet)
3.4.5. Talent adds 5-10 mL of sand from a beaker to the heating mantle to create a thin layer of sand.

3.5. Clamp the long-necked round-bottom flask to the stand above the heating mantle. [1-MED] Now, obtain cyclohexane and toluene from your instructor. [2-WIDE] Measure 2 mL of cyclohexane using a volumetric pipette and bulb, then dispense it into the round bottom flask. [3-MED] Then, using a clean pipette, measure 2 mL of toluene, and add it to the flask as well. [4 MED over the shoulder]
3.5.1. Talent clamps round bottom flask to the stand.
3.5.2. Talent goes to instructor hood and gets the two smaller bottles of cyclohexane and toluene from the instructor. 
3.5.3. Talent uses glass volumetric pipette to measure 2 mL of cyclohexane, then dispenses it into the round bottom flask. Talent recaps cyclohexane and moves it aside. 
3.5.4. Talent gets clean pipette and measures 2 mL of toluene, dispenses it into the flask and then recaps the toluene and sets it aside. (Remove both bottles from the hood when done) 

3.6. Next, take your thermometer and carefully insert it into the adapter. [1-MED/CU] Gently push and twist the thermometer until the bulb is below the bend of the distilling head. [2-CU] Then, lightly grease the joint of the distilling head with a thin layer of vacuum grease. [3-CU] Add a stirbar to the round-bottom flask [4-MED]and insert it into the round bottom flask. [5-MED] 
3.6.1. Talent picks up the thermometer and thermometer adapter, holds them up to look at them, and then begins to insert the thermometer into the adapter 
3.6.2. Talent pushes it in until the bulb is below the bend of the distilling head. Then hold the setup still so we can see how far down the thermometer is inserted. 
3.6.3. Talent applies a thin layer of grease to the joint.
3.6.4. Talent add the magnetic stirrer bar to the round bottom flask (Editor: they went back and filmed this later—for continuity, please make sure the condenser (the cylindrical piece of glassware to the right) is not visible).
3.6.5. Talent inserts the distilling head/thermometer into the round bottom flask. 

3.7. [bookmark: _GoBack]Now, clamp the condenser to the second stand, with it oriented diagonally toward the joint of the distilling head. [1-MED] Connect the tubing to the tap water faucet in the hood. [2-MED/CU] Then attach the other end to the inlet port of the condenser, which is located furthest from the distilling head. Connect the second tubing to the outlet port, which is located closest to the distilling head. [3-MED over the shoulder] Then, place the end of the tubing connected to the outlet port into the drain. [4-MED]
3.7.1. Talent clamps the condenser to the stand, and tilts it so it is diagonally oriented with the high end near the second port on the distilling head. 
3.7.2. Talent connects tubing to each of the inlet/outlet ports on the condenser. 
3.7.3. Talent picks up the tubing end connected to the inlet (away from the distilling head) and then connects it to the tap water in the hood. 
3.7.4. Talent picks up the end of the tubing connected to the outlet (close to the distilling head) and places it in the drain. 

3.8. Connect the condenser to the distilling head [1-MED]. Then, lightly grease the other joint of the condenser, [2-CU] and attach it to the connecting joint. [3-MED/CU] Place a 10-mL graduated cylinder below the connecting joint. [4-MED over the shoulder]
3.8.1. Talent connects the condenser to the distilling head.
3.8.2. Talent lightly greases the joint of the condenser (Editor: For continuity, do not show that the left side of the condenser is NOT attached to the distilling head)
3.8.3. Talent picks up the connecting joint and holds it up. (so that we can see it clearly in the shot) Then, talent connects it to the other end of the condenser. 
3.8.4. Talent places the 10-mL graduated cylinder beneath the connecting joint. 

3.9. Gently lower the whole setup so that the round bottom flask is in the heating mantle. [1]. Double check all of the connections on your setup to make sure that they are tight and oriented correctly. [2-MED over the shoulder] Then, secure each joint with a plastic keck clip. [3-MED/CU] [4-MED]. 
3.9.1. Talent carefully lowers the setup so that the flask is on the heating mantle.
3.9.2. Talent checks all of the connections, and makes sure they are tight. Talent straightens some of the glassware if needed to make sure it is oriented correctly. 
3.9.3. Talent clamps each joint using a keck clip. 
3.9.4. BROLL: Pan across shot of completely assembled setup.

3.10. Now let’s start the distillation by slowly turning the water on to the condenser. [1-MED] Be careful not to turn the water on too fast or you may cause the tubing to pop off of the condenser. [2-CU]
3.10.1. Talent starts to turn the water on very slowly.
3.10.2. Water flowing through the tubing up into the condenser. Keep the flow rate low and do not pop the tubing off the condenser causing a flood. 

3.11. Turn the magnetic stirrer to the lowest setting, [1-MED/CU] and turn the Varistat to 40, which should be about 90 degrees Celsius. [2-MED over the shoulder] Once bubbles start forming in the liquid mixture, [3-CU] adjust the heat by increasing or decreasing the Varistat setting [4-MED]. There should be two drops per minute distilling into the graduated cylinder. [5-CU]
3.11.1. Talent turns the magnetic stirrer on to the lowest setting, and the stirbar starts to spin in the flask. 
3.11.2. Talent turns the Varistat to 40. We should see the knob and values on the Varistat. 
3.11.3. Bubbles starting to form in the liquid in the round bottom flask. 
3.11.4. Talent adjusts the heat using the Varistat (we should see talent increasing or decreasing setting. We should have the hot round-bottom flask in this shot as well)
3.11.5. Liquid condensing in condenser (A), and then falling into the graduated cylinder at a rate of 2 drops per minute (B). 

3.12. You should also see liquid drops starting to form on the thermometer bulb. [1-CU] Record the thermometer temperature for every two drops that fall into the graduated cylinder. [2-MED over the shoulder] [3-MED] When there is about 0.5 mL of the mixture remaining the flask, which will look like a thin layer of liquid, [4-CU] turn off the heat and gently lift the glassware setup from the heating mantle. [5-MED] Then, remove the stirplate with the heating mantle, and set it aside. Never heat the mixture until the flask is dry, as this may cause an explosion. [6-MED over the shoulder]
3.12.1. Drops forming on thermometer bulb
3.12.2. Talent observes drops falling into the cylinder, then checks temperature on thermometer and records the temperature in the notebook. 
3.12.3. BROLL: Pan across the full setup as the distillation is occurring. 
3.12.4. 0.5 mL/thin layer of liquid in bottom of flask. 
3.12.5. Talent turns off the heat and raise up the glassware setup (round bottom flask and the condenser)
3.12.6. Talent carefully removes the stirring plate with the heating mantle above it and sets it aside

3.13. Then, turn off the water to the condenser, [1-MED] and allow the setup to cool completely. [2-MED over the shoulder] When cool, carefully disassemble the glassware. [3-MED]
3.13.1. Talent turns off water to the condenser
3.13.2. Talent closes hood sash and steps away to allow it to cool
3.13.3. Talent returns to hood, and starts to disassemble the setup. 

3.14. Dispose of all solutions in the non-halogenated organic waste container. [1-WIDE] Then, wash all of the glassware using detergent, rinse thoroughly [2-MED over the shoulder] and allow them to dry. [3-MED] Before leaving the lab, dispose of your gloves and wash your hands. [4-MED over the shoulder] 
3.14.1. Talent brings graduated cylinder and round bottom flask to instructor hood, and pours solutions into the organic waste container. 
3.14.2. Talent washes glassware with detergent, and then rinses clean. 
3.14.3. Talent places glassware on drying rack. 
3.14.4. Talent removes gloves and throws them in the trash, then washes hands. 

4. Results 

4.1. First, let’s create a plot of the temperature versus the volume during the experiment. [1] We can see that drops start to fall into the collection vessel at about 81 degrees, which is the boiling point of cyclohexane. [2] The temperature steadily increases to 111 degrees, which is the boiling point of toluene, as the distillation progresses. [3]
4.1.1. See storyboard. 

4.2. This tells us that early in the distillation, the distillate is rich in cyclohexane as it has the lower boiling point. [1] As the distillation progresses, the temperature increases in order to remove toluene at a higher boiling point. [2] Therefore, the distillate becomes rich in toluene towards the end of the distillation. [3]
4.2.1. See storyboard. 

4.3. Now, let’s look at a distillation curve for cyclohexane and toluene reported in the literature. [1] This plot shows the mole percent of cyclohexane and toluene on the x-axis, and the temperature on the y-axis. [2] The solid line denotes the composition of the components in the liquid phase, which is in the round bottom flask, while the dashed line is the composition in the vapor phase, which is the distillate. [3] 
4.3.1. See storyboard. 

4.4. According to the reported distillation curve, the 50% toluene/cyclohexane mixture starts to boil around 92 degrees. [1] At 92 degrees, the vapor is rich in cyclohexane, with 80% cyclohexane and 20% toluene. [2] 
4.4.1. See storyboard. 

4.5. We can use the reported curve to determine the mole percent of each component at the temperatures recorded in our distillation. [1] At the beginning of the distillation, at 81 degrees, the distillate is 100% cyclohexane. [2] At 95 degrees, the distillate is about 70% cyclohexane, while the liquid remaining in the round bottom flask is 40% cyclohexane. [3] Nearing the end of the experiment, at 108 degrees, the distillate and liquid are only around 20% and 5% cyclohexane respectively, as most cyclohexane boiled off earlier in the distillation. [4]
4.5.1.  See storyboard. 





it

s s et
[P ———

B Rep———
TR S e e g )

o

R —

s s i g
it Frme by

e e e o D ep g
e e et e et i vk,
pmpre i o o D

e e
ettt




