			FILMING SCRIPT

Scriptwriter: Tara Cass
Lab Manual: Chemistry 102
Lab: Basic Lab Techniques

Video A: Instructor’s Guide to Setup – Basic Lab Techniques

1. [bookmark: _Hlk511390330]List of Materials (assuming a lab group of 10 students working in pairs)
1.1. Laboratory Equipment to be Prepared by Instructor
· Acid waste container
· Aqueous waste container
· Non-halogenated waste container
· Solid sodium benzoate waste container
· Hazardous waste label x 4 (if containers are not pre-labeled)
· Pencil (if containers are not pre-labeled)
· Rigid-sided glass waste container
· Roll of paper towels for each lab sink
· Calibrated top-loading or analytical balance
· Weighing boat x 20
· Medium spatula x 3
· Box of laboratory wipes x 1
· Deionized water dispenser (if available)
· Ice machine (if available)
· Vacuum pump[footnoteRef:1] (if no house vacuum) or vacuum tubing x 5 [1:  This lab dries crystals by leaving them in the Büchner funnel with the vacuum pulling air through the funnel for up to 2 hours. If the vacuum pumps in your lab cannot be used in this way, students can dry the crystals under a stream of compressed air or in stoppered filter flasks.] 

· Water pump and accessories (if fume hoods do not have water inlets/drains) x 5
· Magnetic wand

1.2. Materials for Students and Instructor
· 12 g sodium benzoate
· 40 mL 3 M hydrochloric acid
· 200 mL tetrahydrofuran
· 4 L crushed or chipped ice (if no ice machine)
· Insulated cooler x 1 (if no ice machine)
· Ice scoop x 1
· 2 L deionized or distilled water (if no deionized water dispenser)
· 250 mL glass bottle with organic solvent-resistant cap x 1
· 50 mL glass bottle with acid-resistant cap x 1
· 50 mL glass beaker x 15
· 250 mL glass beaker x 10
· 600 mL glass beaker x 10
· 5 mL glass graduated cylinder x 5
· 10 mL glass graduated cylinder x 5
· 50 mL glass graduated cylinder x 11
· 250 mL glass graduated cylinder x 1
· 250 mL glass Büchner (filter) flask x 5
· 50 mL glass round-bottom flask x 5
· 50 mL RBF holder x 5
· Condenser[footnoteRef:2] x 5 [2:  If the condenser joint does not match the 50 mL RBF joint, please also provide joint adapters.] 

· Joint clip x 5 (optional)
· 8 cm diameter porcelain Büchner funnel x 5
· Small (5 mm diameter, 9.5 mm long) egg-shaped magnetic stir bar x 5
· Magnetic wand x 5 (optional)
· Glass stirring rod x 5
· Small glass funnel[footnoteRef:3] x 2 [3:  If your 50 mL RBFs have narrow necks, you may wish to provide additional funnels.] 

· 250 mL plastic wash bottle x 5 (min. 1 shared bottle)
· Box of Pasteur pipettes x 1 (min. 60 pipettes)
· Pipette bulb x 10
· Neoprene rubber adapter suitable for 250 mL filter flasks x 5
· Package of 70 mm circular filter paper x 1 (min. 10 filters) 
· Laboratory stand x 10
· Medium clamp x 15
· Thermometer clamp[footnoteRef:4] x 5 [4:  Alternatively, thermometer beaker clips may be used.] 

· Thermometer (min range 0-80 °C) x 5
· Tube of vacuum grease x 1
· Stirring hotplate x 5
· Lab jack x 5
· Flexible tubing for water lines x 10
· Tubing clip x 10 (optional)
· Box of laboratory wipes x 1
· 500 g sodium bicarbonate[footnoteRef:5] [5:  Please replace the sodium bicarbonate and pH paper with your lab’s preferred method for cleaning glassware used with strong acids as needed.] 

· Package of pH paper x 1
· Labeling pen or marker x 6
· Roll of laboratory tape x 6

2. Preparation of the Laboratory
Disclaimer: Here we show preparation for 10 students working in pairs, with some excess. Please adjust quantities as needed.
Video Editor: Some of the shots were filmed out of script order to help reduce setup time during the shoot. These shots are marked per the author’s notes in case there is any confusion about the file names or recording times.
Before you set up the lab, put on a lab coat, safety glasses, and nitrile gloves. [1] To begin, ensure that there are labeled waste containers for non-halogenated (hal-uh-juh-nate-ed /ˈhæl ə ʤəˌneɪt əd/) organic waste, hydrochloric acid waste, aqueous waste, [2] and glass waste. [3]
[bookmark: _Ref251620][bookmark: _Ref7085068]WIDE: Talent finishes fastening a lab coat, puts on safety glasses, and puts on nitrile gloves. | Also used in 3.7.1. 
WIDE: At the waste hood, talent points to the waste containers in or near the hood as they are named. (Read script aloud for pacing.)
MED: Talent points to the glass waste. [Filmed as 2.1.2.b]
Place a container of sodium benzoate (benz-oh-ate /ˈbɛnz oʊ eɪt/) and a small waste container for excess sodium benzoate by the balances. [1] Ensure that the balances have enough weighing boats, spatulas, and lab wipes for the class. [2]
MED: Talent places a container of sodium benzoate and a small labeled container for sodium benzoate waste by the balance.
MED/WIDE: Talent points to each of the named items by the balances, one by one. (Read script aloud for pacing.) Video Editor: This shot was filmed out of order.
Next, in a fume hood, place 150 milliliters of tetrahydrofuran (tet-truh-hy-dro-fyoor-an /tɛ trəˌhaɪ drɵˈfjʊər æn/) in a 250-milliliter glass bottle. [1] Cap the bottle and label it ‘tetrahydrofuran’. [2]
MED: Talent measures 150 mL of THF and pours it into a glass bottle via a funnel.
MED: Talent places a label that reads ‘Tetrahydrofuran (THF)’ on the bottle.
Then, carefully place 35 milliliters of 3-molar hydrochloric acid in a 50-milliliter glass bottle. [1-TXT] Cap the bottle and label it with the solution’s name and concentration. [2] Place these bottles of THF (T-H-F) and H-C-L in a central hood and put away the stock bottles. [3]
MED: Talent measures 35 mL of 3 M HCl and pours it into a 50 mL bottle via a funnel. TEXT: Caution: HCl is toxic and corrosive.
MED: Talent places a ‘3 M Hydrochloric acid (HCl)’ label on a bottle filled with HCl and sets it down next to two other already-labeled bottles of HCl.
WIDE: Talent sets the THF and HCl bottles near each other in the dispensing hood, and then picks up one or both of the stock bottles and moves away as though about to put them away.
Note to VA: The HCl abbreviation is spelled out when it is intended to be the abbreviated form just to avoid ambiguity about whether it should be read as the abbreviation or the proper name. Please also use T-H-F whenever it occurs as THF.
Next, ensure that each workspace has two lab stands, a stirring hotplate, a lab jack, a small thermometer clamp, and three medium three-prong clamps. [1] Place tubing for the condenser and the vacuum line or pump in the fume hood. [2]
MED/WIDE: With the listed items already in the fume hood, talent points out each of the items as it is named. (Read script aloud for pacing.)
MED: Talent places silicone tubing for the house vacuum by the vacuum outlet and places rubber tubing for the condenser by the water inlet.
[bookmark: _Hlk8209271]Ensure that each student group will have three 50-milliliter beakers, two 250-milliliter beakers, two 600-milliliter beakers, a 5-milliliter graduated cylinder, a 10-milliliter graduated cylinder, and two 50-milliliter graduated cylinders. Also provide a 250-milliliter filter flask, a 50-milliliter round-bottom flask and holder, a Büchner (byoo-kner /bjuː xnər/) funnel, and a condenser. [1]
MED: Talent sets a box/tray containing the glassware in or near the fume hood and places each piece of glassware in the fume hood, one by one, as they are named. (Read script aloud for pacing.)
Video Editor and Post-Production: Before obtaining the voice-over for 2.6.1, please check whether one or two 600 mL beakers (largest beaker) are shown in this shot.
If only one 600 mL beaker was shown in 2.6.1, please change ‘two 600-milliliter beakers’ to ‘at least one 600-milliliter beaker’ in this voice-over.
Then, ensure that each workspace has a glass stirring rod, a rubber filter adapter, one or two pipette bulbs, a small stir bar, lab tape, a labeling pen, and at least one thermometer. [1] Fill plastic wash bottles with deionized water and distribute them around the lab. [2]
MED: Talent sets another box/tray with the above equipment in or near the fume hood and places each piece of equipment in the fume hood, one by one, as they are named. (Read script aloud for pacing.)
WIDE: Talent carries a labeled wash bottle of DIH2O from the dispenser to a student fume hood and places the bottle in or near the hood.
[bookmark: _Hlk8209461][bookmark: _Hlk8209475][bookmark: _Hlk8209490]In a central area, set out a tube of vacuum grease and boxes of circular filter papers, laboratory wipes, and Pasteur pipettes. [1] Lastly, prepare handouts for students to use in place of lab notebooks for this training lab. [2]
MED: Talent places a tube of vacuum grease, a box of filter paper, a box of Kimwipes, and a box of Pasteur pipettes on a central bench.
MED/WIDE: Talent brings a stack of handouts to the central bench and places them next to the other common supplies. Video Editor: The 2.8 shots were filmed out of order.

Video B: Student Laboratory Exercise – Basic Lab Techniques
3. Experiment 1 – Synthesis of Benzoic Acid
In this lab, you’ll learn several important techniques that you’ll use throughout this class. [1] This includes measuring the mass or volume of reactants and products, [2] methods of heating and cooling reaction mixtures, [3] proper selection and handling of glassware, [4] and separating solids and liquids by vacuum filtration. [5]
[bookmark: _Ref256853][bookmark: _Ref257066]Split shot of 3.13.1. and 4.12.2. (talent stirring the sodium benzoate solution to dissolve it and talent uses a lab jack to raise the water bath up to the clamped RBF)
[bookmark: _Ref248442][bookmark: _Ref248540]Split shot of 3.9.1. and 4.7.1. (talent measuring sodium benzoate and talent measuring THF)
[bookmark: _Ref248622][bookmark: _Ref248742]Split shot of 4.15.3. and 3.18.1. (THF boiling in a water bath and talent places the reaction beaker in the ice bath)
[bookmark: _Ref248798]Use shot 3.11.2. (talent selects a graduated cylinder from a set of different sizes)
[bookmark: _Ref248876][bookmark: _Ref250230]Use shot 3.24.3. (talent pours benzoic acid suspension into the vacuum filtration setup and the liquid rapidly moves into the flask)
[bookmark: _Ref249318]First, you’ll synthesize benzoic (ben-zo-ik /bɛnˈzoʊ ɪk/) acid by protonating sodium benzoate with hydrochloric acid, or H-C-L, using water as the solvent. [1] Sodium benzoate is very soluble in water, but benzoic acid is not, so you can filter the solid product out of the solution. [2]
[bookmark: _Ref249306]See storyboard. Uses shots 3.13.2. and 3.16.3. (talent stirring sodium benzoate solution and talent stirring benzoic acid suspension)
Vacuum filtration is used for powdery solids like benzoic acid. [1] This technique uses a ‘filter’ flask connected to a vacuum source [2-TXT] and a Büchner funnel, which has a glass frit or a perforated disk over the stem. [3-TXT]
[bookmark: _Ref249645][bookmark: _Ref258666]Use shot 4.25.2. (‘finished product’-style shot of dry benzoic acid in the Büchner funnel)
[bookmark: _Ref249798]Use shot 3.20.1. (talent shows a filter flask to the camera and places it next to a lab stand) TEXT: Filter flask Video Editor: Please wait to show the text overlay until the beginning of “…a filter flask…” in the voice-over.
[bookmark: _Ref249900]Use shot 3.22.3. (showing the Büchner funnel; talent places a filter in the funnel) TEXT: Büchner funnel Video Editor: Please wait to show the text overlay until the beginning of “…a Büchner funnel…” in the voice-over.
Reducing the pressure in the flask makes the liquid quickly flow through the funnel. [1] After filtration, the liquid is called the filtrate. [2-TXT]
[bookmark: _Ref250536][bookmark: _Ref250692]Use shot 3.25.1. (talent turns up the vacuum and the liquid rapidly moves into the flask)
[bookmark: _Ref250741]Use shot 3.27.3. (side shot of vacuum setup as the solid dries under vacuum) TEXT: Filtrate Video Editor: Please wait to show the text overlay until the start of “the liquid…” in the voice-over. Please add an arrow from the text overlay to the liquid in the flask.
Benzoic acid is less soluble in water at lower temperatures, [1] so you’ll collect more product if you cool the reaction solution before you filter it. [2] Water and glass conduct heat differently, so you’ll clamp a thermometer away from the glass to ensure that you accurately measure the solution’s temperature. [3]
See storyboard.
[bookmark: _Ref251133]Use shot 3.19.4. (close-up view of cold benzoic acid suspension)
[bookmark: _Ref251229]Use shot 3.18.2. (talent clamps a thermometer in the beaker)
When you do this lab, remember that H-C-L is toxic and a strong acid. [1] It’s always best to work with strong acids and organic solvents in a fume hood. [2] If you spill any H-C-L, follow your lab’s procedures for neutralizing and cleaning up strong acids. [3]
CU: A close-up shot of the warning labels on a bottle of HCl.
[bookmark: _Ref251534]Use shot 3.14.3. (talent measuring 5 mL HCl)
MED: Talent covers a few drops of HCl on the floor of the fume hood with sodium bicarbonate.
Disclaimer: We suggest that students work in pairs for this experiment.
Now, let’s get started. To begin, put on a lab coat, safety glasses, and nitrile gloves. [1] Remember to change your gloves if you get acid or organic solvent on them. [2] Then, get a handout from your lab instructor that you’ll use to prepare a simple lab report. [3]
[bookmark: _Ref7085061]Use shot 2.1.1. (talent demonstrates proper PPE use)
MED: Talent removes their gloves, throws them out, and puts on a new pair of gloves.
MED: Talent places a handout on a bench near a student fume hood and writes their name on the handout.
Next, bring a clean 50-milliliter beaker and your handout to the balance, [1] which you’ll use to measure 2 grams of sodium benzoate. [2] Place a clean, empty weighing boat on the balance and press the ‘tare’ button. [3] This subtracts the mass of the empty weighing boat, so the reading resets to zero. [4]
MED/WIDE: Talent picks up a 50 mL beaker and the handout and moves towards the balance.
MED: Talent places the beaker and the handout by the balances. If possible, the sodium benzoate container should be clearly visible in this shot.
MED/CU: Talent places a weighing boat on the balance and presses the ‘tare’ button.
CU: A close-up shot of the display as a weighing boat is placed on a re-zeroed balance and the tare button is pressed (i.e., showing that the reading increases from zero as the weighing boat is placed on the balance and then resets to zero when the tare button is pressed).
Open the provided bottle of sodium benzoate and use a clean spatula to scoop it into the weighing boat until you have about 2 grams. [1] It’s okay if you have a little more or a little less, but stay between 1.9 and 2.1 grams. [2-TXT] Put any extra sodium benzoate in the appropriate waste container. Remember to close the bottle of sodium benzoate when you’re done with it. [3]
[bookmark: _Ref248450]MED/CU: Talent opens the bottle of sodium benzoate and starts scooping sodium benzoate into the weighing boat. | Also used in 3.1.2. 
CU: A close-up shot of talent adding/removing sodium benzoate to get roughly between 1.9 and 2.1 g of sodium benzoate in the weighing boat. (The display doesn’t need to be in shot if the mass reading isn’t within those bounds.) TEXT: 1.9–2.1 g Video Editor: Please wait to show the text overlay until “but stay…” in the voice-over.
MED: Talent tips some extra sodium benzoate in the spatula into the waste container and closes the bottle of sodium benzoate.
Now, write down the mass of sodium benzoate on your handout, and pour the sodium benzoate into your beaker. [1] Clean the spatula with a lab wipe so that it can be used again, and return to your fume hood. [2]
MED: Talent writes the mass shown on the display on the handout and pours the sodium benzoate into the beaker.
MED/WIDE: Talent wipes the spatula with a Kimwipe, throws out the Kimwipe and the used weighing boat, and then picks up the beaker and the handout and moves away from the balances.
Next, you need 10 milliliters of deionized water to make the reaction solution, [1] so get a clean 10-milliliter graduated cylinder. [2] When you measure liquids, you’ll typically use the smallest graduated cylinder that can hold the volume that you need. [3]
[bookmark: _Ref251696]Use shot 3.16.2. (close-up shot of reaction solution when minimal HCl has been added)
[bookmark: _Ref248807]MED: Talent opens a drawer of graduated cylinders and picks out a 10 mL graduated cylinder or selects a 10 mL graduated cylinder from among a set of graduated cylinders already placed in or near the fume hood. | Also used in 3.1.4. 
MED/CU: A medium-close shot of an array of differently-sized graduated cylinders (including a 10 mL graduated cylinder and a 50 mL graduated cylinder). Video Editor: Please add a line or bracket from 0 to 10 mL to both the 10 mL graduated cylinder and the 50 mL graduated cylinder to emphasize that a 10 mL graduated cylinder is the smallest one that can hold 10 mL.
Now, use the graduated cylinder to measure 10 milliliters of deionized water from a wash bottle or dispenser. [1] As always, the bottom of the meniscus should just touch the 10-milliliter line. [2]
MED: Talent measures 10 mL of DIH2O from a wash bottle.
ECU: A very close-up side shot of the top of the water level in the graduated cylinder to show that the bottom of the meniscus (the curve at the top of the water) touches the top of the 10-mL line. Video Editor: Please add an arrow pointing to the point where the meniscus (downward curve of the water surface) touches the 10-mL line.
Pour the water into the beaker of sodium benzoate. Stir the solution with a glass rod until [1] the sodium benzoate has completely dissolved. [2]
[bookmark: _Ref256953]MED/CU: Talent pours the water into the sodium benzoate beaker and starts stirring the solution with a glass rod. (Please get at least 4-5 seconds of footage of stirring the solution.) | Also used in 3.1.1. 
[bookmark: _Ref249330]CU: Talent finishes stirring the solution with a glass rod (i.e., stirs for a few seconds once the solid has completely dissolved.) | Also used in 3.2. storyboard.
Next, you need 5 milliliters of 3-molar hydrochloric acid, so get a clean 5-milliliter graduated cylinder [1] and a bottle of 3-molar H-C-L. [2] Carefully measure 5 milliliters of H-C-L with the graduated cylinder. [3] If you pour too much, use a Pasteur pipette to transfer the excess to a small beaker labeled ‘acid waste’. [4] Close the bottle and put it back when you’re done. [5]
MED: Talent picks out a 5 mL graduated cylinder from a drawer or from among an array of graduated cylinders. Video Editor: This shot was filmed out of order.
MED: Talent opens the labeled bottle of HCl. The 5 mL graduated cylinder should also be visible in shot nearby.
[bookmark: _Ref251546]MED/CU: Talent measures 5 mL of HCl with the graduated cylinder. | Also used in 3.6.2. 
CU: With a small excess of HCl in the graduated cylinder, talent pipettes the excess into a beaker labeled ‘acid waste’.
MED: Talent caps the bottle of HCl and puts it at the back of the hood (or carries it away as though returning it to a main hood).
Now, get a clean Pasteur pipette. You’ll use this to add the H-C-L in drops to keep the solution from heating up. [1]
MED: Talent arrives at the fume hood with a new Pasteur pipette and a pipette bulb and puts the pipette bulb on the pipette.
Draw up a small amount of H-C-L from your graduated cylinder and start adding it to the sodium benzoate solution at a rate of about one drop every six seconds, or 10 drops per minute. Stir the solution frequently with the glass rod. [1-TXT] As you add more H-C-L, [2] you’ll start to see benzoic acid precipitating from solution. [3]
MED/CU: Talent draws up a small amount of HCl (≤ 0.5 mL) and starts adding it at a rate of about one drop every six seconds and stirring the solution between/while adding drops. TEXT: 1 drop HCl every 6 s (10 drops/min or 0.5 mL/min) Video Editor: Please wait to show the text overlay until “and start…” is spoken in the voice-over.
[bookmark: _Ref251709]CU: A close-up shot of the solution early in the HCl addition (with little/no benzoic acid visible in the solution) as a drop is added to the solution and the mixture is stirred. | Also used in 3.11.1. 
[bookmark: _Ref249481]CU: A close-up shot of the solution well into the HCl addition (with substantial benzoic acid visible in the solution) as a drop is added to the solution and the mixture is stirred. | Also used in 3.2. storyboard.
It should take about 10 minutes to add all 5 milliliters of H-C-L. [1] When you’re done, fill a 600-milliliter beaker about halfway with crushed ice [2] and add tap water to just fill the spaces between the ice to make an ice bath. [3]
MED: Talent draws up the last 0.1-0.2 mL of HCl, pipettes a drop of HCl into the beaker, and stirs the mixture.
MED/WIDE: Talent scoops ice into a 600 mL beaker until it is about half full.
MED: Talent adds tap water to the beaker until the spaces in the ice are filled. Video Editor: The 3.17 shots were filmed out of order.
Place the ice bath by a lab stand in your fume hood and use a medium clamp to hold the reaction beaker in the bath. Make sure that the surface of the solution is below the ice. [1] Get a thermometer that goes down to at least 0 degrees Celsius and clamp it in the reaction solution. [2]
[bookmark: _Ref248756]MED: Talent places the ice bath by the lab stand, secures the 50 mL beaker with a clamp, and lowers the clamp until the solution level is completely below the ice. | Also used in 3.1.3. 
[bookmark: _Ref251259]MED: Talent clamps a thermometer in a thermometer clamp and lowers it until the tip is in the reaction solution. | Also used in 3.5.3. 
While the solution cools, obtain about 25 milliliters of deionized water in a 50-milliliter graduated cylinder. [1] Place the graduated cylinder in a 600-milliliter beaker and pack ice around it to cool the water. [2] Once the reaction solution reaches 10 degrees Celsius, it’s ready to be filtered. [3][4]
MED/WIDE: Talent fills a 50 mL graduated cylinder to the 25 mL mark at the water dispenser.
MED: Talent places the graduated cylinder in a 600 mL beaker and adds ice to the beaker.
CU: A close-up view of the thermometer showing that the reading (if digital) or fluid level (if analog) shows 10 °C.
[bookmark: _Ref251152]CU: A close-up view of the benzoic acid suspension once it has cooled to 10 °C. | To be used in 3.5.2. 
Set up another lab stand and obtain a clean 250-milliliter filter flask. [1] Clamp the flask upright on the lab stand. Now, ensure that your vacuum tubing is connected to the vacuum source, and then carefully push the free end of the tubing onto the barbed arm of the flask. [2]
[bookmark: _Ref249812]MED: Talent moves a second lab stand to be near the side of the fume hood with the connection to the house vacuum, shows a 50 mL filter flask to the camera, and places it by the stand. | Also used in 3.3.2. 
MED: Talent clamps the flask to the lab stand, and then connects one end of the silicone tubing to the vacuum port and the other end of the silicone tubing to the filter flask.
Next, place a rubber adapter and a Büchner funnel in the mouth of the flask. [1] The rubber adapter helps form an airtight seal between the flask and the funnel. [2]
MED/CU: Talent puts a rubber adapter and Büchner funnel in the flask.
[bookmark: _Ref251784]Use shot 3.24.2. (close-up shot showing the funnel sinking against the rubber adapter to form an airtight seal)
Now, confirm that the reaction solution has reached 10 degrees Celsius, and remove the thermometer from the beaker. [1] Obtain a piece of circular filter paper [2] and place it in the Büchner funnel so that the small holes are completely covered. [3]
MED: Talent checks the temperature reading on the thermometer, unclamps the thermometer, and sets it aside.
MED: Talent takes a piece of filter paper from the box in the common area. Video Editor: This shot was filmed out of order.
[bookmark: _Ref249920]MED/CU: Starting with an angled view showing the Büchner funnel with small holes at the bottom, talent places the filter paper in the funnel and moves their hand so that it is clear that the holes are covered. | Also used in 3.3.3. 
Get a new Pasteur pipette and use a few drops of cold deionized water [1] to wet the filter paper. This helps keep the filter paper in place when you pour the solution into the funnel. [2]
MED: Talent connects a pipette bulb to a new Pasteur pipette and draws up some water from the graduated cylinder in the ice bath.
MED/CU: Talent pipettes drops of cold water onto the filter paper until it is completely wet.
Now, open the vacuum line partway to reduce the pressure in the flask. [1][2] Remove the beaker from the ice bath, stir the solution well with the glass rod until the solid is swirling around in the liquid, and then slowly pour it onto the filter paper. [3]
MED: Talent slowly opens the house vacuum partway.
[bookmark: _Ref251752][bookmark: _Hlk7087443]ECU: A very close-up shot initially showing the funnel sitting in the adapter, and then the funnel sinking into the adapter as the vacuum is turned on (i.e., as talent opens the vacuum partway offscreen). | To be used in 3.21.2. 
[bookmark: _Ref248885][bookmark: _Ref250577]MED: Talent finishes loosening the clamp around the beaker, stirs the reaction solution vigorously until the benzoic acid is suspended, and then pours the solution into the funnel. | Also used in 3.4.1. 
If the liquid does not move quickly through the funnel, make sure that there are no gaps between the funnel, adapter, and flask, and then gradually open the vacuum until the liquid rapidly flows into the flask. [1]
[bookmark: _Ref250484]MED: Starting with showing a vacuum filtration setup with the filtrate slowly trickling through the funnel into the flask for ~3 seconds, talent then pushes down gently on the funnel to represent making sure that the funnel is seated properly in the adapter, and then slowly opens the vacuum a little more until the liquid is pulled through the funnel into the flask at the usual speed. | Also used in 3.4.1. 
Now, use a clean Pasteur pipette to rinse the inner walls of the beaker with about 10 milliliters of cold deionized water, and pour the rinse into the funnel. [1]
MED: Talent pipettes several milliliters of cold water around the inside of the beaker, pours it into the funnel, and then pipettes more cold water around the inside of the beaker.
Then, pour the rest of the cold deionized water over the benzoic acid on the filter to wash it. [1] This is an important step that removes impurities, side products, and unreacted compounds. Leave the benzoic acid in the funnel with the vacuum running until it is completely dry. [2] This usually takes about 2 hours, [3] so let’s continue to the second half of the lab in the meantime. [4]
MED: Talent takes the graduated cylinder out of the ice bath and pours cold water onto the benzoic acid.
[bookmark: _Ref250252]CU: A close-up view of pouring cold water onto benzoic acid (i.e., another portion of cold water over the same solid) and the benzoic acid sitting on the filter paper with the vacuum running to represent letting it dry for 2 hours.
[bookmark: _Ref250756][bookmark: _Ref251884]MED: A side shot of the filtration setup as the solid dries (i.e., with about 35 mL of liquid in the filter flask). TEXT: Let benzoic acid dry 2 h | Also used in 3.4.2. 
MED/WIDE: Talent moves the empty 50 mL beaker, the ice bath, the used graduated cylinders, and other used glassware out of the way so that the first lab stand is available.
4. Experiment 2 – Refluxing Tetrahydrofuran (THF) and Measuring Product Mass
[bookmark: _Ref251964]While your benzoic acid dries, you’ll practice refluxing tetrahydrofuran, or THF, which has a boiling point of 66 degrees Celsius. [1] THF is volatile, flammable, and an irritant, so avoid letting it touch your skin and always work with it in a fume hood. [2]
[bookmark: _Ref252278]See storyboard. Uses clips from 4.7.2. and 4.8.1. (talent adjusts the level of THF in the graduated cylinder and talent pours THF into the RBF)
Use shot 4.7.1. (talent measures THF with a graduated cylinder)
A boiling liquid stays at its boiling temperature, so you can perform reactions at a specific temperature by boiling compounds in a solvent with the right boiling point. [1-TXT] However, boiling also means that solvent is being lost to evaporation. [2]
[bookmark: _Ref252652]Use shot 4.15.3. (THF boiling in the RBF) TEXT: Boiling THF: 66 °C Video Editor: Please add an arrow pointing from the text overlay to the boiling liquid in the flask.
[bookmark: _Ref253786]Use shot 3.10.1 from 30053 (Lab 5 – Recrystallization), which shows a close-up of a boiling liquid.
Refluxing is a technique that avoids this problem by constantly condensing the vapor and returning it to the flask. [1] This is achieved with a special piece of glassware called a condenser, which you will attach directly to your flask. [2]
[bookmark: _Ref252830]Use shot 4.15.2. (a shot of the reflux setup once reflux is established)
[bookmark: _Ref253179]Use shot 4.10.1. (talent rotates the condenser into position once the ground-glass joints are properly greased and clamps the condenser in place)
The condenser is cooled with water flowing through the outer chamber. [1] As vapor rises through the condenser, it loses heat to the cool walls, condenses, and drips back into the flask. [2]
[bookmark: _Ref253247]Use shot 4.13.2. (talent turns on the water and watches the condenser as it fills)
[bookmark: _Ref253342]Use shot 4.15.4. (a view of the condenser as solvent condenses and drips down into the flask)
[bookmark: _Ref253730]Refluxing is usually performed in a round-bottom flask. [1] These flasks must be heated in a heating bath or with specialized equipment, [2] but they provide more even heating than an Erlenmeyer flask or beaker as a result. [3] Water baths are typically used for experiments performed below 80 to 100 degrees Celsius, like this one. [4]
[bookmark: _Ref253542]Use shot 4.6.4. (talent clamps the 50 mL RBF to the stand)
[bookmark: _Ref253591]Use shot 4.15.1. (talent turns up the water bath heat)
[bookmark: _Ref254101]See storyboard. Uses shot 4.12.3. from this video (side shot of RBF in water bath) and 3.15.1 from 30053 (Lab 5 – Recrystallization; see note in storyboard)
See storyboard. Continues using shot 4.12.3. 
Now, let’s set up the glassware and equipment for reflux. [1] Place a lab jack by your available lab stand [2] and put a stirring hotplate on top of it. [3] Clamp a 50-milliliter round-bottom flask at least 12 centimeters above the hotplate. [4]
MED/WIDE: Talent approaches the fume hood and goes to the available (i.e., not used for the filter flask) lab stand.
MED: Talent places a lab jack by the lab stand.
MED: Talent places a hotplate on the lab jack and plugs in the hotplate.
[bookmark: _Ref253550]MED: Talent clamps the 50 mL RBF about 4 inches above the hotplate. | Also used in 4.5.1. 
Next, bring a 50-milliliter graduated cylinder to the solvent hood and measure 25 milliliters of THF. [1] If you pour too much, label a small beaker ‘organic waste’ and pipette the excess into that. [2] Remember to cap the bottle when you’re done. [3]
[bookmark: _Ref248553][bookmark: _Ref252378]MED: Talent measures 25 mL of THF from the provided bottle in a 50 mL graduated cylinder. | Also used in 3.1.2. and 4.1. storyboard.
[bookmark: _Ref252302]MED/CU: Talent pipettes excess THF in the graduated cylinder into a 50 mL beaker labeled ‘organic waste’. | Also used in 4.1. storyboard.
MED: With the graduated cylinder now containing 25 mL of THF, talent caps the stock bottle of THF.
Now, carefully pour the THF into the round-bottom flask, clean up any spills with a lab wipe or paper towel, [1] and add a small, oblong stir bar to the flask. [2]
[bookmark: _Ref251982]MED: Talent pours the THF into the RBF from the graduated cylinder and uses a Kimwipe to clean up any drops of THF on the lip of the flask. | Also used in 4.1. storyboard.
CU: Talent adds a stir bar to the flask.
Then, position a medium clamp about 20 centimeters above the flask. [1] Obtain a condenser and apply vacuum grease to the lower ground-glass joint. [2] Fit the condenser into the flask and rotate them in opposite directions [3] until the vacuum grease is evenly spread between the two ground-glass surfaces. [4]
MED: Talent adjusts a three-prong clamp to be about 20 cm above the flask on the ring stand.
MED: Talent shows a condenser to the camera and then applies vacuum grease to the lower ground-glass joint.
MED: Talent inserts the greased condenser into the flask and gently rotates the condenser to spread the vacuum grease around the joint.
CU: A close-up view of the condenser rotating in the flask with the grease evenly spread between the pieces of glassware.
Clamp the condenser in place and use a lab wipe to remove excess grease from the connection between the two pieces of glassware. [1]
[bookmark: _Ref253195]MED: Talent rotates the condenser into a good position for the water lines, clamps it in place, and then wipes away excess grease around the mouth of the flask. | Also used in 4.3.2. 
Then, attach rubber tubing to each of the ports on the condenser. [1] Place the free end of the tubing connected to the top port, which is the outlet, in the drain. Connect the free end of the tubing from the bottom port, which is the inlet, to the water line. [2]
MED/CU: Talent connects tubing to each of the two arms on the condenser.
MED: Talent places the other end of the outlet tubing in the drain and connects the inlet tubing to the water tap in the fume hood.
Next, fill a 250-milliliter beaker with about 200 milliliters of tap water [1] and place this water bath on the hotplate. Use the lab jack to raise the bath until the water level is about two-thirds of the way up the spherical part of the flask. [2] This will ensure that the THF heats evenly. [3]
MED: Talent fills the beaker to the 200-mL mark with tap water. Video Editor: This shot was filmed out of order.
[bookmark: _Ref257077]MED: Talent places the water bath on the hotplate under the flask and raises the hotplate with the lab jack until the flask is partially immersed in the water. | Also used in 3.1.1. 
[bookmark: _Ref254055][bookmark: _Ref8653759]CU: A close-up side-on view of the round-bottom flask with the round part about two-thirds-immersed in water. | Also used in 4.5. storyboard.
Then, get a thermometer that goes up to at least 70 degrees Celsius and secure it in the water bath. [1] Now, slowly open the water tap, watch the condenser for leaks as it fills, [2] and confirm that the water is flowing into the drain. [3]
MED: Talent clamps the thermometer in the water bath and turns it so that the display is clearly visible.
[bookmark: _Ref253276]MED: Talent slowly opens the water tap and monitors the condenser as it fills and water starts streaming into the drain. | Also used in 4.4.1. 
MED/CU: A view of the water running into the drain.
Slowly turn up the magnetic stirrer until the THF is stirring well, like this. [1] If the stir bar bounces around, turn down the stir motor and try again more slowly. [2]
[bookmark: _Ref254419]MED/CU: Talent turns up the magnetic stirrer until the THF is stirring evenly.
MED/CU: Starting with a view of the flask with the stir bar bouncing around, talent turns down the stir motor significantly and then slowly turns up the stir motor until the stir bar is stirring well.
Now, start heating the water bath to about 70 degrees Celsius. [1] When the THF starts to boil, [2][3] you’ll see vapor condensing in the lower part of the condenser. [4]
[bookmark: _Ref253605]MED: Talent turns up the heat on the water bath to the appropriate heat setting. | Also used in 4.5.2. 
[bookmark: _Ref252670][bookmark: _Ref252843]CU: A view of the setup once the THF is boiling and vapor is rising into the condenser. | Also used in 4.3.1. 
[bookmark: _Ref248695][bookmark: _Ref252673]MED: A view of the water bath and RBF once the THF is boiling vigorously. | To be used in 3.1.3. and 4.2.1. 
[bookmark: _Ref253353]MED/CU: A view of the condenser as vapor condenses on the inner walls and drips down into the flask. | Also used in 4.4.2. 
Monitor the refluxing THF for 10 minutes. [1] Turn down the heat if the bath goes above 70 degrees Celsius or if vapor leaves the condenser. [2]
MED: Talent sets a 10-minute timer (either with a dedicated timer or a phone). The reflux setup should also be in shot, if possible.
MED: Talent checks the thermometer reading and looks at the top of the condenser as though checking for escaping vapor.
[bookmark: _Hlk8217095]After 10 minutes, turn off the heat and the stir motor, and remove the thermometer. Carefully lower the lab jack until the flask is clear of the water bath. [1] Wait at least 10 more minutes for the setup to cool. [2-TXT] Then, unplug and remove the hotplate. [3]
MED/WIDE: Talent turns off the hotplate heat and stirrer, removes the thermometer, and lowers the lab jack.
MED/WIDE: Talent approaches the hood (as though having waited for 10 minutes) and carefully touches the RBF to confirm that it is cool to the touch. TEXT: Let cool 10 min
Talent touches the beaker to confirm that the water bath has cooled, and then unplugs the hotplate and removes the beaker and hotplate. [Filmed as 4.17.2.a]
Now, turn off the water tap, unclamp the condenser, and carefully detach it from the flask. Tilt the condenser until most of the water has flowed through the outlet tubing into the drain. [1]
MED: Talent turns off the water flow, unclamps the condenser, separates it from the flask, and tilts it to drain it as much as possible. Video Editor: Two shots were filmed for this; please use the second one.
Then, disconnect the inlet tubing and let the remaining water flow through the condenser into the drain. Hold the inlet tubing upright until the condenser is completely empty to avoid spilling water in the hood. [1]
MED: Talent disconnects the inlet tubing, holds it upright, and tilts the condenser more until all the water has flowed through the condenser into the drain. Video Editor: Two shots were filmed for this; please use the second one.
Next, use lab wipes to remove the vacuum grease from the condenser and the flask. [1] Then, retrieve the stir bar from the flask. [2] Bring the flask to the waste hood and empty it into the non-halogenated organic waste container. [3]
MED: Talent cleans off the ground glass joint of the condenser with Kimwipes.
MED: Talent uses a magnetic wand to retrieve the stir bar.
MED/WIDE: Talent arrives at the waste hood with the flask, opens the non-halogenated organic waste container, and pours the THF into the waste container.
Pour any excess H-C-L or THF into the acid and organic wastes, respectively. [1] Empty the ice and water baths into the sink and rinse the beakers with tap water. [2]
MED: Talent pours the HCl in the ‘acid waste’ beaker into the acid waste container, and then pours the THF in the ‘organic waste’ beaker into the non-halogenated organic waste container. (If these waste containers aren’t close to each other, then please just film pouring one of the wastes into the corresponding container.)
MED: Talent empties the ice and water baths into the sink and starts rinsing the beakers with tap water.
Now, you’ll clean most of your other glassware while the benzoic acid from earlier finishes drying. [1] Your instructor will explain your lab’s procedure for cleaning glassware. [2-TXT] Usually, you’ll rinse your glassware both with an organic solvent like acetone [3] and with detergent and tap water. [4]
MED/WIDE: Talent collects the used glassware that is ready to be cleaned in one area of the hood away from the setup with the drying benzoic acid. Video Editor: Two shots were filmed for this; please use the second one.
WIDE: Talent picks up the condenser in the student hood and carries it to the waste hood. TEXT: Your instructor will explain your cleaning procedure Video Editor: Please wait to show the text overlay until “Your instructor…” in the voice-over.
MED: Talent rinses the round-bottom flask with acetone and pours the rinse into the non-halogenated waste.
MED: Talent rinses a graduated cylinder (any graduated cylinder other than the HCl graduated cylinder) with tap water and detergent. Video Editor: This shot was filmed out of order.
Your lab may have specific procedures for glassware used with acids. If so, use that procedure to clean the graduated cylinder used with H-C-L and your acid waste beaker, if applicable. [1]
MED: Talent rinses the 5 mL graduated cylinder into the acid waste, and then rinses the ‘acid waste’ beaker if needed for time.
Once you’ve cleaned the glassware that isn’t in use, remove the reusable pipette bulbs [1] and dispose of your pipettes in the glass waste container. [2] Throw out used lab wipes and paper towels in the lab trash. [3]
MED/WIDE: Talent approaches the fume hood, which now has no glassware that is not part of the vacuum filtration setup, and removes the pipette bulbs from used Pasteur pipettes.
MED: Talent throws out used pipettes in glass waste.
MED: Talent throws out Kimwipes and paper towels in the lab trash.
Now, check on your benzoic acid. [1] If it is dry, like this, [2] turn off the vacuum and break the vacuum seal by disconnecting the tubing from the filter flask. [3] Gently place the funnel in a 250-milliliter beaker and bring it and your lab handout to the balance. [4]
MED: Talent looks at the contents of the Büchner funnel. (The fume hood should no longer have any used glassware or trash in it.)
[bookmark: _Ref258681]CU: A close-up ‘finished product’ view of dry benzoic acid in a Büchner funnel. Talent gently stirs or pokes the solid with a glass rod or spatula to show the expected consistency of the dry solid. | Also used in 3.3.1. 
MED: Talent turns off the vacuum and disconnects the vacuum tubing from the filter flask.
MED/CU: Talent gently sets the funnel in a clean 250 mL beaker, picks up the beaker, and moves away.
Tare a weighing boat and use a clean spatula to transfer the product to the weighing boat. [1] Record the mass of your product on your lab handout. [2] Then, put the product in the lab trash and wipe off the spatula. [3]
MED: Starting with a clean, empty weighing boat on the balance, talent presses the ‘tare’ button, and then starts scooping solid from the funnel into the weighing boat with a clean spatula.
MED: Talent finishes scooping solid into the weighing boat, looks at the reading on the balance, and then writes down the mass reading on the handout.
MED: Talent throws out the solid product, wipes the spatula with a Kimwipe, and throws out the Kimwipe.
Dispose of the filtrate in the aqueous waste container. [1] Clean the rest of your glassware, throw out the filter paper and other waste in the lab trash, and put away your lab equipment. [2] Lastly, clean the floor of your fume hood with a damp paper towel. [3]
MED: Talent pours the filtrate in the aqueous waste container.
WIDE: Talent throws out the filter paper and puts away the lab stand.
MED/WIDE: Talent wipes down the floor of the hood and throws out the paper towel.



5. Results
Now, let’s calculate the reaction yield for the protonation (prote-uh-neysh-un /ˌproʊt əˈneɪʃ ən/) of sodium benzoate. [1] First, we’ll identify the reagent that the reaction runs out of first, which is called the limiting reagent. [2]
See storyboard.
[bookmark: _GoBack]In this reaction, one molecule of sodium benzoate and one molecule of H-C-L react to make a molecule of benzoic acid and a molecule of sodium chloride. [1] Now, calculate the number of moles of sodium benzoate and H-C-L that you used. [2] You’ll see that you used about 0.014 moles of sodium benzoate and 0.015 moles of H-C-L. [3]
See storyboard.
So, once all the sodium benzoate had reacted with H-C-L, the reaction ended. [1] Thus, the maximum yield of benzoic acid is equal to the starting amount of sodium benzoate in moles. [2]
See storyboard.
Now, convert the mass of your benzoic acid to moles, divide that by the moles of sodium benzoate that you used, and multiply it by 100 to get the percent yield. [1] The recovered yield for this reaction is usually between 80 and 98 percent because a small amount of benzoic acid stays in solution. [2]
See storyboard.
If the yield is above 100 percent, then it’s likely that your product was still wet when you weighed it. [1] Impurities, unreacted compounds, and products of side reactions can also affect the accuracy of yield calculations. [2]
See storyboard.
