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Video A: Instructor’s Guide to Setup – Beer’s Law

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
· Deionized water dispenser (if available)
· Plastic paraffin film
· Scissors for cutting the film
· Waste container for Fe waste
· Hazardous waste label (if container is not pre-labeled)
· Pencil (if container is not pre-labeled)
· Paper towels
· Top-loading balance
· Analytical balance
· Weighing paper and boats
· Large spatula
· Micro spatula

1.2. Labware for Preparation of Solutions
· 1 L glass volumetric flask[footnoteRef:1] x 1 [1:  For larger class sizes, 0.5 M HNO₃ should be prepared in 4 L batches to minimize safety hazards.] 

· 100 mL glass beaker x 1
· 250 mL glass Erlenmeyer flask x 2
· Mortar and pestle x 1
· Large stir bar x 1
· Medium stir bar x 2
· 1 L brown glass bottle and acid-resistant cap x 1
· 125 mL brown glass bottle and acid-resistant cap x 1
· 250 mL brown glass bottle and acid-resistant cap x 1
· Medium stir plate x 1
· Medium stirring hot plate x 1
· 50 mL glass graduated cylinder x 1
· 100 mL glass graduated cylinder x 1
· 1 L glass graduated cylinder x 1
· Magnetic wand x 1
· Glass Funnel x 3

1.3. Materials for Students and Instructor
A moderate excess for reagents and disposable items is included in these numbers.
· 10 L of deionized water (if no dispenser is available)
· 40 mL 15.7 M HNO₃
· 40 g FeCl₃·6H₂O
· 20 mg NaSCN
· 1 mL volumetric pipette x 5
· 10 mL volumetric pipette x 5
· 5 mL volumetric pipette x 10
· Aluminum foil
· Volumetric pipette bulb for 1 mL volumetric pipette x 5
· Volumetric pipette bulb for 5-10 mL volumetric pipette x 5
· 50 mL volumetric flask and stopper x 5
· 3.5 mL cuvettes and caps x 5
· 50 mL glass burette x 10
· 150 mL glass beaker x 15
· 100 mL glass beaker x 5
· 400 mL glass beaker x 5
· 50 mL glass beaker x 25
· Glass stirring rod x 5
· Short-stem glass funnel 70-mm diameter x 10
· Long stem glass funner x 5
· 10 mL glass graduated cylinder[footnoteRef:2] x 5 [2:  All graduated cylinders TD (“to dispense”)] 

· 50 mL glass graduated cylinder x 5
· Ring stand x 5
· Burette clamp x 5
· Box of laboratory wipes x 5
· Box of baking soda x 6
· Package of pH paper x 6
· Roll of laboratory tape x 6
· Labeling pen x 6
· Disposable plastic pipette x 100. 
· Data acquisition device[footnoteRef:3] x 5 [3:  Please familiarize students with how to operate the spectrophotometers and save their data in advance, as instructions may vary by manufacturer.] 

· Spectrophotometer attachment x 5
· Flash drive x 5 (if needed for transferring data)
2. Preparation of Solutions
Disclaimer: Here we show preparation of solutions for 10 students working in pairs, with some excess. Please adjust quantities as needed.
Before making the solutions, put on a lab coat, splash-proof safety glasses, and nitrile gloves. [1-WIDE] You will be working with nitric acid, [2-MED] which is toxic and corrosive, so use caution when handling it. [3-CU]
Talent finishes fastening a lab coat, puts on safety glasses, and picks up a pair of nitrile gloves as though about to put them on.
Talent places a bottle of concentrated nitric acid in the instructor hood, which already contains a few clean paper towels where funnels/stir bars can be placed if they will be used again.
A close-up shot of the warning pictograms/labels on the concentrated nitric acid bottle.
Let’s start by preparing 1 L of 0.5 M nitric acid. [1-CU] First, measure out 32 mL of 15.7 M nitric acid [2-MED/CU] and carefully pour it into a 1-L volumetric flask via a funnel. [3-MED]
[bookmark: _Ref516814987]Use shot 2.5.4. (“finished product” shot of 0.5 M HNO₃ bottle)
Talent pours concentrated nitric acid into a graduated cylinder to the 32-mL mark (or until the graduated cylinder is full, if using a graduated cylinder that is too small to hold 32 mL), and then closes the bottle of nitric acid.
Talent pours the nitric acid from the graduated cylinder into a 1-L volumetric flask via a funnel.
Then, add deionized water to the flask up to the mark. [1-MED] Place a stir bar in the flask and stir the solution. [2-MED-Over shoulder] While the mixture stirs, label a 1-L brown glass bottle as ‘0.5 M HNO₃’ [4-MED-over the shoulder].  I read all of these labels as chemical names (not the letters) – hope that’s OK
Talent slowly pours DIH2O from a graduated cylinder into the flask.
Talent adds the stir bar to the flask, places the flask on the stir plate, and turns up the stir motor until the solution is stirring well.
Talent labels the brown glass bottle as ‘0.5 M HNO3’ 
Once the solution appears homogeneous [1-MED], remove the stir bar [2-MED], and use a plastic pipette to fill the volumetric flask with deionized water [3-MED/CU]. 
Solution is stirring and appears homogeneous.
Talent removes the stir bar from the flask and places it on clean paper towels.
Talent adds deionized water until the solution level reaches the mark.
After that, place the funnel in the mouth of the labeled bottle, [1-MED] and carefully pour the nitric acid solution into the bottle. [2-MED-Over shoulder] Set the capped bottle of 0.5 M nitric acid at the back of the instructor’s hood, and store the concentrated nitric acid in a corrosives cabinet. [3-MED][4-CU]
Talent puts a funnel in the mouth of the labeled brown glass bottle.
Talent pours the solution from the volumetric flask into the bottle.
Talent places the capped bottle at the back of the instructor hood, and then picks up the concentrated nitric acid bottle and moves away as though bringing it back to the corrosives cabinet.
[bookmark: _Ref516814927]A “finished product” shot of the 0.5 M HNO₃ bottle with the label facing forward. To be used in 2.2.1. 
Next, let’s prepare 125 mL of a 1 M FeCl₃ solution in 0.5 M nitric acid. [1-CU] To begin, measure out 125 mL of the just-prepared 0.5 M nitric acid [2-MED] and pour it into a 250-mL Erlenmeyer flask via a clean funnel. [3-MED/CU]
[bookmark: _Ref516815045]Use shot 2.11.5. (“finished product” shot of labeled 1 M FeCl₃ bottle)
Talent pours 0.5 M nitric acid into a graduated cylinder to the 125-mL mark (or until the graduated cylinder is full, if using a 100-mL or smaller cylinder).
Talent pours the nitric acid into the Erlenmeyer flask via a funnel. (If a graduated cylinder that cannot hold 125 mL all at once is used, instead please pour the final portion of nitric acid into the flask in this shot so that the flask contains a total of 125 mL of 0.5 M HNO3.)
Then, bring a container of FeCl₃·6H₂O (iron three chloride hexahydrate) and a mortar and pestle to a top-loading balance. [1-WIDE] Measure at least 35 g and place it in the mortar. [2-MED-Over shoulder]
Talent places a container of FeCl₃·6H₂O and a mortar and pestle next to a top-loading balance.
Talent scoops granules of FeCl₃·6H₂O into a tared weighing boat on the top-loading balance until it reads about 35 g, and then pours the FeCl₃·6H₂O into the mortar.
Now, grind the clumps of FeCl₃·6H₂O (iron three chloride hexahydrate) to a fine consistency using the pestle. [1-MED/CU] Then, measure 33 g of the fine powder into a weighing boat. [2-MED-Over shoulder]
Talent grinds the FeCl₃·6H₂O to powder. (~7 s of footage)
Talent pours most of the fine powder into the tared weighing boat, waits for the reading to stabilize, and then adds a little more powder to bring the mass up to 33 g 
Bring the measured FeCl₃·6H₂O (iron three chloride hexahydrate) to the fume hood and use a powder funnel to transfer it into the 250-mL flask containing 0.5 M nitric acid. [1-MED] Place a magnetic stir bar in the flask and set it on a stirring hot plate. [2-MED-Over shoulder]
[bookmark: _Ref517770124]Talent arrives at the instructor hood with the weighing boat (or other container) of FeCl₃·6H₂O and pours it into the flask using a funnel. | Also used in 4.2. storyboard.
Talent drops a magnetic stir bar into the flask and places the flask on the hotplate.
Stir the solution while heating at around 80 degrees Celsius until it appears homogeneous. [1-MED/CU] As the solution stirs, label a 125-mL brown glass bottle as ‘1.0 M FeCl₃ in 0.5 M HNO₃’. [2-MED-Over shoulder]
Talent turns up the heat and the stir motor.
With the solution stirring in the background, talent labels a brown glass bottle as ‘1.0 M FeCl₃ in 0.5 M HNO₃’.
Once the FeCl₃ (iron three chloride) solution appears homogeneous, [1-CU] remove the flask from the hot plate, and retrieve the stir bar. [2-MED] Allow the solution to cool to room temperature [3-CU], then transfer it to the labeled bottle via the funnel. Cap the bottle, [4-MED-Over shoulder] and store the solution in a corrosives cabinet. [5-CU][6-WIDE]
The homogeneous mixture stirring on the hotplate.
Talent turns off the stir motor and the heat, removes the flask from the hotplate and uses a magnetic wand to retrieve the stir bar.
Flask on the benchtop. It should look as if the flask has been “cooled”, ie no condensation in the neck of the flask.
Talent pours the solution into the corresponding labeled bottle and caps the bottle.
[bookmark: _Ref516815019]A “finished product” shot of the 1 M FeCl₃ bottle, with the label facing forward. (If the bottle is wrapped in foil, then please put a label on the foil as well.) To be used in ‎2.6.1. 
Talent picks up the capped bottle of FeCl₃ solution and carries it away as though bringing it to a corrosives cabinet.
Lastly, let’s prepare 250 mL of a 0.5 mM solution of sodium thiocyanate in 0.5 M nitric acid. [1-CU] To begin, measure 250 mL of 0.5 M nitric acid [2-MED] and pour it in a 250-mL Erlenmeyer flask via a clean funnel. [3-MED/CU]
[bookmark: _Ref516815105]Use shot 2.15.2. (“finished product” shot of the NaSCN solution bottle)
Talent pours 0.5 M nitric acid into a graduated cylinder to the 250-mL mark.
Talent pours the 0.5 M nitric acid from the graduated cylinder into a 250-mL Erlenmeyer flask via a funnel.
Then, use an analytical balance to measure out 10.1 mg of sodium thiocyanate. [1-MED-Over shoulder] Bring the sodium thiocyanate to the hood and pour it into the 250-mL flask of nitric acid. If necessary, use a small amount of nitric acid to wash any remaining sodium thiocyanate from the weighing boat [2-MED]
Talent scoops NaSCN onto tared weighing paper/into a tared weighing boat and closes the side shields to let the reading stabilize.
Talent arrives at the instructor hood with the measured-out NaSCN and pours it into the Erlenmeyer flask containing nitric acid.
Add a stir bar to the flask and stir the mixture at room temperature until it appears homogeneous. While the mixture stirs, label a 250-mL brown glass bottle as ‘5.00 × 10⁻⁴ M NaSCN in 0.5 M HNO₃’.
Talent places a stir bar in the flask, puts the flask on a stir plate, and turns up the stir motor.
With the mixture stirring in the background, talent labels the brown glass bottle as ‘5.00 × 10⁻⁴ M NaSCN in 0.5 M HNO₃’.
Once the solution is thoroughly mixed, remove the stir bar and transfer the solution to the labeled bottle. Cap the bottle [1-MED][2-CU], then, store both the sodium thiocyanate solution and the nitric acid in a corrosives cabinet. [3-WIDE]
Talent retrieves the stir bar and pours the solution into the labeled bottle through a funnel.
[bookmark: _Ref516815082]“Finished product” shot of the 0.5 mM NaSCN bottle, with the label facing forward. To be used in 2.12.1. 
Talent picks up both the capped NaSCN bottle and the capped HNO₃ bottle and carries them away as though bringing them to the corrosives cabinet.
When you have finished making the solutions, neutralize any acid waste and wash the glassware and equipment using your standard procedures. [1-WIDE]
Talent rinses out the Erlenmeyer flasks with tap water in the sink and hangs the flasks up to dry.
3. Preparation of the Laboratory
Now, let’s prepare the laboratory space for this lab. [1-SPLIT] First, place a waste container labeled for aqueous iron waste and a wash bottle filled with deionized water in a satellite waste hood. [2-WIDE]
Split shot of 3.7.1. and 3.8.1. (talent sets out the cuvettes and disposable pipettes and talent brings the solution bottles forward so the students can easily access them)
Talent brings a waste container for aqueous iron waste and a filled wash bottle of DIH2O to the waste hood and puts the waste container and the bottle in the hood.
Place plastic paraffin film and aluminum foil in a central area, along with a pair of scissors. [1-MED] Ensure that each sink has a stock of paper towels. [2-WIDE]
Talent places a roll of parafilm and a box of aluminum foil on a central bench, and then puts a pair of scissors next to the parafilm.
Talent brings a roll of paper towels to the lab sink and places it by the sink.
Then, assemble the handheld spectrophotometers, [1-MED-Over shoulder], and distribute them to the student workstations. [2-MED]
Talent plugs in the spectrometer attachment and turns on the LabQuest as though checking that it is charged and functional.
Talent places the LabQuest (now off) with the attached spectrometer in or near the fume hood.
Next, set up a ring stand equipped with a burette clamp at each student hood. [1-MED-Over shoulder] Ensure that each workstation has a box of laboratory wipes, baking soda, pH paper, a roll of laboratory tape, and a labeling pen. [2-MED]
Talent fixes a burette clamp on a ring stand in the fume hood.
Talent places a box/tray of the named items in/near the fume hood and places each of the items in or near the hood as appropriate, one by one, as they are named. (Read script aloud for pacing.)
Provide each workstation with two 50-mL glass burettes; one 1-mL, two 5-mL, and one 10-mL volumetric pipette; and a suitable volumetric pipette bulb or motorized pipette controller. [1-MED-Over shoulder]
Talent places a box/tray of the above items in the fume hood and sets out each of the items as they are named, one by one. (Read script aloud for pacing.)
Also, supply each workstation with a 50-mL volumetric flask, three 150-mL beakers, one 100-mL beaker, five 50-mL beakers, a 400-mL beaker, a 50-mL graduated cylinder, a 10-mL graduated cylinder, three funnels, and a glass stirring rod. [1-MED]
Talent places a tray/box containing the listed items in/near the fume hood and places each item in the fume hood, one by one, as they are named. (Read script aloud for pacing.)
Lastly, provide one 3.5-mL cuvette with a cap to each workstation [1-MED-Over shoulder], and distribute boxes of disposable pipettes around the lab so that students have access to extras. [2-MED]
[bookmark: _Ref516835536]Talent places one capped cuvette in the student fume hood.
Talent places a box of disposable pipettes on a lab bench near the set-up hood and opens the box.
Just before the lab, place the 0.5 M nitric acid, the 1.0 M FeCl₃, and the 0.5 mM sodium thiocyanate solutions in a central hood [1-MED-Over shoulder] so that students can easily access them. [2-CU]
[bookmark: _Ref516835567][bookmark: _Ref516815322]With two of the bottles already in the hood, talent places the third solution bottle in the central/instructor hood and turns the bottles so that the labels are facing forward.
A slow, slight pan over the three solution bottles, with the labels facing forward. | Also used in 4.9.1. 


Video B: Student Laboratory Exercise – Beer’s Law
4. Experiment – Lab Setup
[bookmark: _Ref517094096][bookmark: _Ref517077165]In this lab, you will combine aqueous solutions of FeCl₃ (iron three chloride) and sodium thiocyanate [1] to form an orange-red iron(III) isothiocyanate complex. [2]
See storyboard. Uses shots 5.5.2., 4.20.3., and 5.12.4. (talent filling 0.2 M FeCl₃ flask, talent pouring NaSCN into the burette, and a close-up view of solution 2 being stirred in the beaker)
[bookmark: _Ref517438862][bookmark: _Ref517770103]When FeCl₃ is dissolved in water, the iron center is surrounded by six water molecules. [1] This acidic complex easily loses protons from its water molecules, which can lead to iron hydroxides precipitating from solution. [2]
See storyboard. Uses shot 2.9.1. (solid FeCl₃ being added to aqueous acid)
[bookmark: _Ref517790788]To prevent this, your solutions will include enough nitric acid to keep the iron in solution, primarily as near-colorless [Fe(H₂O)₆]³⁺ (iron three hexahydrated complex ions) and yellow [Fe(H₂O)₅(OH)]²⁺ (iron three pentaaquahydroxy complex ions).  [1] For this lab, we’ll refer to the starting iron complexes collectively as Fe³⁺ (iron 3 ions). [2]Tk2:  “ions”
See storyboard. Uses shot 5.5.3. (close-up shot of the 0.2 M FeCl₃ solution)
The isothiocyanate complex forms when thiocyanate exchanges with another group on iron, with nitrogen interacting with iron. [1] This exchange is reversible, so there’s an overall equilibrium between the formation and loss of the isothiocyanate complex. [2]
See storyboard.
[bookmark: _Ref517791719]The thiocyanate-iron interaction gives the isothiocyanate solutions their intense color. [1] So, you’ll ultimately relate the UV-vis absorbance intensity to the concentration of the isothiocyanate complex using Beer’s law. [2]
See storyboard. Uses shot 5.12.4. (close-up view of solution 2 being stirred)
This will let you experimentally measure the equilibrium concentration of the isothiocyanate complex, [1-SPLIT] from which you can estimate an equilibrium constant for the overall process. [2]
[bookmark: _Ref517792306]Split shot of 6.8.2. and 6.8.3. (talent pipettes solution 6 into a cuvette and caps it and talent looks at the spectrum of solution 6)
See storyboard.
Before starting this lab, make these tables in your lab notebook. [1] You’ll use the first table when you collect data for a calibration curve relating absorbance to concentration. [2] The second table is for the solutions with iron(III) isothiocyanate at equilibrium. [3]
See storyboard.
You’ll measure out nitric acid and sodium thiocyanate with burettes. [1-MED-Over shoulder] The volume dispensed by a burette is tracked by the difference between the starting and final volume readings. [2-SPLIT-TXT]
[bookmark: _Ref516995922]Use shot 4.19.1. (talent starts filling the HNO₃ burette)
[bookmark: _Ref517004941]Split shot of 5.9.2. (TEXT: Starting) and 5.9.4. (TEXT: Final) (the starting and ending volumes of HNO₃ in the burette)
Video editor: Please delay showing the text overlays until “difference…” is spoken. If possible, please also add arrows pointing to the stable solution level in each shot. The solution level is the bottom of the curve in the liquid surface (see https://en.wikipedia.org/wiki/Meniscus_(liquid)).
The solutions that you will use are highly corrosive, so be careful when handling them. [1-CU] They rapidly stain surfaces, so quickly clean up spills and wash the affected surface with water. [2-MED]
[bookmark: _Ref516815343]Use shot 3.8.1. (slight pan over the three solution bottles, with the labels facing forwards)
Talent washes away a simulated spill of one of the solutions in or near a sink using tap water. (This can use a lookalike solution.)
Disclaimer: We suggest that students work in pairs for this experiment.
Before beginning, put on a lab coat, splash-proof safety glasses, and nitrile gloves. [1-WIDE] To start, label a 400-mL beaker as waste [2-MED-Over shoulder], and label three 150-mL beakers as ‘0.5 M HNO₃ (nitric acid)’, ‘1.0 M FeCl₃ (iron 3 chloride) in 0.5 M HNO₃ (nitric acid)’, and ‘5.00 × 10⁻⁴ M NaSCN (sodium thiocyanate) in 0.5 M HNO₃ (nitric acid)’. [3-MED/CU]
Talent (already wearing PPE) points out their lab coat, safety glasses, and nitrile gloves, in turn.
Talent labels the 400-mL beaker as ‘waste’.
Talent points out the three already-labeled 150-mL beakers in turn. The labels should be facing the camera. (Read script aloud for pacing.)
Label one burette as ‘[SCN]⁻’ (thiocyanate) and the other as ‘HNO₃’ (nitric acid). [1-MED-Over shoulder] Clamp the burettes high enough so that the 400-mL waste beaker can fit under them. [2-MED]
Talent writes ‘[SCN]⁻’ and ‘HNO₃’ on the burettes.
Talent clamps both burettes in the burette clamp and tests putting the waste beaker under each of them.
Now, bring a 50-mL graduated cylinder and the 150-mL nitric acid beaker to the dispensing hood. [1-WIDE] Measure 100 mL of 0.5 M nitric acid into the beaker. Make sure that the stock solution bottle is capped when you are finished. [2-MED] Then, cover the beaker with a watch glass, and bring it back to your fume hood. [3-WIDE]
Talent carries the 50-mL graduated cylinder and the 150-mL beaker labeled for HNO₃ to the central hood containing the stock solutions.
With 50 mL of nitric acid already in the labeled beaker, talent pours 50 mL of nitric acid into the graduated cylinder, caps the bottle, and pours the nitric acid into the beaker. (Do not show talent using small pipette and adding back to stock bottle!)
Talent carefully brings the beaker of nitric acid and the graduated cylinder back to the student hood.
Thoroughly wash the 50-mL graduated cylinder, [1-MED] rinse it with deionized water, [2-MED-Over shoulder] and dry the outside with paper towels. [3-MED]
Talent washes the graduated cylinder with tap water.
Talent rinses the inside of the graduated cylinder with deionized water.
Talent finishes drying the outside of the washed graduated cylinder with paper towels.
Next, use a 10-mL graduated cylinder to measure 20 mL of 1 M FeCl₃ (iron 3 chloride) into the corresponding labeled beaker. [1-MED/CU] Make sure that the stock bottle is capped before bringing your portion of the solution back to your hood. [2-MED]
Talent pours 10 mL of 1 M FeCl₃ into the graduated cylinder, pours the contents of the cylinder into the beaker, and then pours another 10 mL of 1 M FeCl₃ into the graduated cylinder.
With the beaker now containing 20 mL of 1 M FeCl₃ and the stock solution bottle already capped, talent tests the bottle cap to confirm that it is tightly closed, and then picks up the graduated cylinder and the beaker and moves away.
After that, use the 50-mL graduated cylinder to measure 40 mL of 0.5 mM NaSCN (sodium thiocyanate), and pour it into the corresponding labeled beaker. [1-MED]
Talent pours 40 mL of the NaSCN solution into the graduated cylinder (don’t show talent pipetting back into the stock bottle), caps the NaSCN bottle, pours the NaSCN solution into the labeled beaker, and then picks up the beaker and graduated cylinder and moves away from the hood.
Fill the 100-mL beaker with deionized water [1-MED]. Then, check that the stopcocks of both burettes are closed. [2-MED-Over shoulder] Place a funnel in each burette [3-MED/CU] and pour deionized water into both of them. [4-MED-Over shoulder]
Talent fills 100 Ml beaker with deionized water and takes back to bench.
Talent checks that each stopcock handle is horizontal.
Talent places funnels in the burettes.
Talent pours some DIH2O into each burette.
Place the waste beaker under one burette and open the stopcock [1-MED]. Once the water has drained, close the stopcock and repeat the process with the other burette [2-MED]. 
Talent places the waste beaker under the nitric acid burette, opens the stopcock.
Talent waits for the water to drain, closes the stopcock, moves the waste beaker to the other burette, and opens the stopcock of that burette.
Now, pour about 5 mL of 0.5 M nitric acid into the corresponding burette [1-MED/WIDE], with the waste beaker underneath the spout. [2-MED] Open the stopcock to fill the tip with nitric acid, and allow a few mLs to drain before closing [3-CU]
Talent pours about 5 mL of nitric acid into the labeled burette. If possible, the burette label should be visible to the camera.
Talent puts the waste beaker under the nitric acid burette.
Talent opens the stopcock to fill the tip of the burette with nitric acid and closes the burette before it can drain completely.
Then, add about 40 mL of nitric acid to the burette, [1-MED-Over shoulder]. Remember that the gradations measure from top to bottom, so you should fill it to about the 10 mL mark. [2-CU]
[bookmark: _Ref516996112]Talent starts pouring the nitric acid solution into the burette. The burette label should be visible, if possible. (5-6 s of footage) Also used in 4.8.1.  
The solution level in the burette as talent finishes pouring the nitric acid into it to show that it is within the part of the burette with the volume markings.
Now, place the waste beaker under the thiocyanate burette [1-MED/CU] and fill the tip with sodium thiocyanate solution in the same way. [2-MED] Pour the rest of your thiocyanate solution into the burette. [3-MED-Over shoulder]
Talent moves the waste beaker under the thiocyanate burette.
Talent adds a few mL of NaSCN to the burette(wide shot) and briefly opens the stopcock to fill the tip with NaSCN(medium shot).
[bookmark: _Ref517094559]Talent pours the remaining NaSCN solution into the burette. | Also used in 4.1. storyboard.
If you see any air bubbles, gently tap the burette to dislodge bubbles, [1-MED-Over shoulder] or briefly open the stopcock to flush out bubbles in the burette tip. [2-MED]
Talent gently taps the burette as though dislodging bubbles.
Talent opens the stopcock of the HNO₃ burette and lets about 1 mL of solution drain as though flushing out bubbles. 
Obtain four squares of plastic paraffin film and two sheets of aluminum foil to finish setting up. [1-MED] You’re now ready to create and analyze the blank and calibration curve solutions. [2-SPLIT]
[bookmark: _Ref516837311]Talent cuts a piece of parafilm into four squares, and then tears off two sheets of aluminum foil.
[bookmark: _Ref517097296]Split shot of 5.10.1. and 5.12.2. (talent stirs solution 1 and talent adds thiocyanate to the FeCl₃ in beaker 2)
5. Experiment 1 – Calibration Curve Measurements
You need to know the precise iron(III) isothiocyanate concentrations in your standard solutions to make an accurate calibration curve. [1] However, the complex is in equilibrium with Fe³⁺ and thiocyanate, so only the isothiocyanate complex itself counts for this purpose. [2]
See storyboard.
Thus, your standard solutions will use 0.2 M FeCl₃ so that iron will be in 500- to 2,000-fold excess. [1] Any thiocyanate that leaves one iron will find another one so quickly that there will be effectively no free thiocyanate in these solutions. [2] You can therefore assume that the iron(III) isothiocyanate concentration is equal to the initial sodium thiocyanate concentration of the standard solution. [3]
See storyboard.
Now, label the 50-mL volumetric flask as ‘0.2 M FeCl₃’. [1-MED-Over shoulder] Attach a controller to a 10-mL volumetric pipette, [2-MED] and fill it with 1 M FeCl₃ solution before dispensing it into the volumetric flask. [3-MED-Over shoulder]
Talent labels the 50-mL volumetric flask as ‘0.2 M FeCl₃’.
Talent connects the pipette controller/bulb to the 10-mL volumetric pipette.
Talent fills the pipette to the mark and then dispenses the solution into the volumetric flask.
Then, add a funnel to the flask and pour about 30 mL of deionized water into it. [1-MED/CU] Seal the flask with a square of plastic paraffin film, and invert it several times to thoroughly mix the solution. [2-MED-over the shoulder]
Talent pours about 30 mL of DIH2O into the flask.
Talent wraps parafilm around the stopper before inverting the flask several times.
Then, remove the film and discard it [1-MED] Use a disposable pipette to fill the flask to the line with deionized water, [2-CU][3-ECU] and keep the pipette for later. [4-MED] Seal the flask and invert it several times to mix the solution. [5-MED-Over shoulder]
Talent removes the parafilm from the flask.
[bookmark: _Ref517094549]Talent fills the flask to the line with DIH2O from a pipette. | Also used in 4.1. storyboard.
[bookmark: _Ref517790862]A close-up view of the flask of 0.2 M FeCl₃. To be used in 4.3. storyboard.
Talent places the DIH2O pipette in a beaker/graduated cylinder of DIH2O.
Talent wraps parafilm around the top of the flask, and inverts the flask
The resulting iron thiocyanate solution is light-sensitive, so wrap the 5 50-mL beakers in aluminum foil [1-MED-Over shoulder]. 
Talent wraps the flask in aluminum foil, and puts the flask in the most shadowed part of the hood.
Now, turn on your handheld spectrophotometer and ensure that it is set to measure absorbance. While the light source warms up, [1-MED-Over shoulder] label the five beakers, and five clean disposable pipettes as 1 through 5. [2-MED/CU] Lay down paper towels as a clean surface for the glassware that you will reuse. [3-MED]
Talent turns on the LabQuest, checks that the parameter screen is set to absorbance, and sets the LabQuest aside as the bulb starts warming up.
[bookmark: _Ref517110498]A slow pan over the one capped cuvettes, five labeled 50-mL beakers, and five labeled disposable pipettes.
Talent places paper towels on the fume hood floor.
Then, attach a volumetric pipette bulb or controller to a 5-mL volumetric pipette. [1-MED] Fill the pipette with 0.2 M FeCl₃ and dispense it into beaker 1. [2-MED-Over shoulder]
Talent connects the bulb/controller to the volumetric pipette.
Talent draws up 0.2 M FeCl₃ from the foil-wrapped flask until the pipette is filled to the mark and dispenses it into beaker 1.
Place beaker 1 under the burette of nitric acid. [1-MED] Note the current volume in the burette, [2-CU] and then dispense precisely 5 mL of nitric acid into the beaker. [3-MED-Over shoulder][4-CU]
Talent puts down the volumetric pipette on the paper towels and moves beaker 1 under the HNO₃ burette.
[bookmark: _Ref516996391][bookmark: _Ref517004971]A close-up shot of the burette showing the starting solution level with at least 5 mL of markings under it. (6-7 s of footage) Also used in 4.8.2. 
Talent opens the stopcock, watches the solution drop by 5 mL, and closes the stopcock.
[bookmark: _Ref517004977]With the same framing/position as 5.9.2. (i.e., showing enough of the burette to show both the starting volume marking and the final volume marking), a close-up shot of the decrease in solution stopping as the solution level reaches 5 mL below the starting volume. (6-7 s of footage) To be used in 4.8.2. 
Mix the solution with a glass stirring rod, then rinse the stirring rod with deionized water and set it aside. [1-MED-Over shoulder] Use pipette 1 to fill cuvette 1 about 75% full of solution 1, and cap the solution [2-MED/CU]
[bookmark: _Ref516837321]Talent stirs the solution with a glass stirring rod for 3-4 seconds, then rinses it with DI water before putting it on a piece of paper towel. | Also used in 4.22.1. 
Talent uses the pipette labeled ‘1’ to draw up some of the solution from the beaker and fill a cuvette (with cap 1 nearby) about 75% full, and then places the pipette back in beaker 1.
Clean the transparent sides of the cuvette with a lab wipe, and place it in the spectrophotometer. [1-MED-Over shoulder] Acquire the background measurement, this is the solvent blank, [2-CU] and then remove the cuvette. [3-MED/CU]. 
Talent uses a kimwipe to quickly wipe the transparent sides of the cuvette, and places the cuvette in the spectrometer.
Talent presses the ‘Calibrate’ button to record the blank spectrum (Do not show lamp warmup—but show the last screen where it says calibration complete).
Talent takes cuvette 1 out of the spectrometer.
Empty the cuvette into the waste beaker, and rinse three times with DI water [1-MED]. The same cuvette will be used for all measurements to minimize error associated with cuvette imperfections [2-CU].
Talent pours contents of cuvette into waste beaker and rinses three times with DI water into the waste beaker.
Talent placing clean cuvette on paper towel on the benchtop. (capture about ~6 seconds to cover VO)
Next, prepare the mid-concentration solution, sample 3 [1-MED]. Use the 5-mL volumetric pipette to add 5 mL of 0.2 M FeCl₃ to beaker 3. [2-MED] Refer to your table, and dispense 2 mL of sodium thiocyanate [3-MED-Over shoulder] and 3 mL of nitric acid into the beaker from the burettes. Mix solution 3 with the glass stirring rod. [4-MED-Over shoulder][5-CU]. Make sure to rinse the stirring rod after each use [6-MED].
[bookmark: _Ref516824888]Talent picks up beaker 3 and places it down near the FeCl3 flask.
Talent refers to notebook (USE 5.15.3 @~0:59 before they write),  fills the volumetric pipette with 5 mL of 0.2 M FeCl₃, holds it over beaker 3, and dispenses the solution into beaker 3.
[bookmark: _Ref516824894][bookmark: _Ref517096662]With beaker 3 under the [SCN]⁻ burette, talent opens the stopcock while watching the solution level and closes the stopcock once the solution level has dropped by 2 mL. (7-8 s of footage) Also used in 4.22.2. 
Video editor: If you need to trim this shot to fit the VO for this step, please show the burette being opened and the solution starting to be dispensed into the beaker.
With beaker 3 under the HNO₃ burette, talent opens the stopcock while watching the solution level, closes the stopcock once the solution level has dropped by 3 mL, and stirs the solution with the glass stirring rod.
[bookmark: _Ref517094764][bookmark: _Ref517791740]A close-up shot of solution 3 being stirred in the beaker. To be used in the 4.1. storyboard and the 4.5. storyboard.
Talent rinsing stirring rod with DI water into the waste beaker.
Then, use pipette 3 to fill cuvette 3 to about 75% full of solution 3. As before, cap the cuvette, [1-MED/CU] clean the transparent sides, and place it in the spectrophotometer. [2-MED]
Talent fills pipette 3 with solution 3, fills cuvette 3 about 3/4ths full, puts the pipette back in beaker 3, and caps the cuvette.
[bookmark: _Ref517095086]Talent wipes the transparent sides of the cuvette with a kimwipe and places cuvette 3 in the spectrometer attachment.
Measure the absorbance of the solution for about five seconds [1-MED-Over shoulder] and identify the wavelength with the maximum absorbance. [2-CU] Record this wavelength in your lab notebook as the λₘₐₓ  (lambda max) for [FeNCS]²⁺(the iron 3 thiocyanate complex ion). [3-MED/CU]
[bookmark: _Ref517007094]Talent presses the ‘play’ button to record a spectrum and monitors it for a few seconds.
Talent presses the ‘stop’ button and presses the highest peak on the spectrum to display the wavelength at that point (448.10 nm).
Talent writes down the λₘₐₓ wavelength in a pre-marked space (use @ 00:10-00:20).
Now, set the spectrophotometer to average readings over 10 seconds, and adjust the wavelength to the lambda max [1-MED-Over shoulder]. Save a full absorbance measurement of solution 3. [2-MED/CU] Record the absorbance at λₘₐₓ in your lab notebook. [3-MED-Over shoulder]
Talent selects the option to ‘Average over 10 seconds’ in the LabQuest parameter menu. (use @ 00:32)
[bookmark: _Ref517005868]Talent starts acquiring the absorbance measurement of solution 3.
Talent writes down the absorbance at λₘₐₓ in the table (try not to show previous number that talent is writing over).
Follow the same process for solutions 2, 4 and 5. [1-MED/CU] Make the solutions one at a time or keep the prepared solutions under aluminum foil until you are ready to use them. [2-MED] Add the appropriate solution to the cuvette, and measure the absorbance values [3-MED].
[bookmark: _Ref517006980]Talent places beaker 2 (already containing 5 mL of 0.2 M FeCl₃) under the [SCN]⁻ burette and dispenses 1 mL of [SCN]⁻ into the beaker. (~5-6 s of footage) 
With beakers 1 through 3 already containing solutions, talent draws up 5 mL of 0.2 M FeCl₃, adds it to beaker 4, puts down the pipette, and puts beaker 4 under the [SCN]⁻ burette as though about to dispense the [SCN]⁻.
Reuse 5.10.2 (EDITOR: block out the “2” on the yellow tape) and 5.14.2 
Once you have recorded all of the absorbance values at λₘₐₓ, [1-MED-Over shoulder] sketch a plot of thiocyanate volume vs. absorbance value, which should be linear. If you see any outliers, re-make the solution and try again. [2-MED/CU-TXT]
Talent looks at the LabQuest, which now displays the spectrum for solution 5, and writes down the absorbance measurement in the lab notebook.
[bookmark: _Ref517095140]With the axes already sketched and labeled in the lab notebook, talent marks the four points on the plot and draws a line through them to illustrate that it is a linear plot. (TEXT: If you see an outlier, re-make the solution and try again.) 
Video editor: Please wait to show the text overlay until “If you…” is spoken.
6. Experiment 2 – Measurements of Solutions with Unknown [FeNCS]²⁺ Concentrations
In this last part of the lab, you’ll prepare four iron(III) isothiocyanate solutions with a 0.02 M FeCl₃ solution, [1-MED] so that iron is in only 40- to 100-fold excess. [2] At these concentrations, the thiocyanate that leaves an iron center will not necessarily find another iron center immediately. [3]
[bookmark: _Ref517793788]Use shot 6.8.4. (talent adds 0.02 M FeCl₃ to beaker 7 and then adds thiocyanate to the same beaker)
See storyboard.
Thus, the isothiocyanate complex will be in equilibrium with Fe³⁺ and thiocyanate, and its concentration will not be equal to the starting thiocyanate concentration. [1]
See storyboard.
Now, discard pipettes 1 through 5. [1-MED] Now, empty the 50-mL beakers into the waste beaker, [2-MED-Over shoulder] remove the labels, [3-MED] and rinse the beakers with deionized water. [4-MED/CU]
Talent throws out pipettes 1-5 in the lab trash.
Talent pours the contents of beaker 1 into the waste beaker, puts down the beaker, and pours the contents of beaker 2 into the waste beaker.
With all five beakers now having been emptied into the waste beaker, talent peels off the labels.
Talent rinses the inside of one beaker with DIH2O and pours the rinse into the waste beaker.
Dry the five beakers with paper towels and re-label them as 6 through 10. [1-MED] Also, label five disposable pipettes as 6 through 10. [2-MED/CU]
With three of the beakers already having been dried, talent dries a fourth beaker, and then picks up a roll of lab tape as though about to label the beaker.
A slow pan over five labeled beakers,  five labeled pipettes, and one cuvette with cap.
Next, empty the volumetric flask of 0.2 M FeCl₃ solution into the waste beaker and rinse it with deionized water. [1-MED] Re-label the rinsed flask as ‘0.02 M FeCl₃’. [2-MED-Over shoulder]
Talent pours the 0.2 M FeCl₃ into the waste beaker and rinses the inside of the beaker with DIH2O.
Talent writes ‘0.02 M FeCl₃’ on a new label on the beaker.
Now, use a 1-mL volumetric pipette to transfer 1 mL of 1 M FeCl₃ in the volumetric flask. [1-MED] Add about 40 mL of deionized water to the flask, [2-MED/CU] then seal the flask with plastic film, and invert it several times to mix the solution. [3-MED-Over shoulder]
Talent fills the 1-mL volumetric pipette with 1 M FeCl₃ and dispenses it into the volumetric flask.
Talent pours 40 mL of DIH2O into the flask.
Talent wraps parafilm around the flask, and inverts it several times.
Then, open the flask and fill to the line with deionized water. [1-MED/CU] Seal the flask and mix the solution. [2-MED]
Talent adds DIH2O to the flask until the solution level reaches the line.
Talent finishes wrapping parafilm around the stoppered flask and starts inverting the flask.
[bookmark: _Ref517107624]Now, prepare solution 6 [1-MED/CU], the new solvent blank. Add 5 mL of 0.02 M FeCl3 and 5 mL of nitric acid and then mix with the stirring rod [2-MED]. Pipette the solution to the cuvette, and acquire the background measurement and lamda max value as before [3-MED]. 
Talent looks at the table in lab notebook and points to row showing the volumes needed to make solution 6.
Talent adds 5 mL of 0.02 M FeCl3 to beaker 6, and then moves it under nitric acid burette before adding 5 ml from burette and then  mixes with glass stirring rod.
Talent pipettes solution into cuvette, wipes the sides of the cuvette, and acquires a background measurement.
Next, following the table, prepare solutions 7 through 10 [1-MED/CU][2-MED/CU], acquire their spectra and record their absorbance values at λₘₐₓ as you did before. [3-MED-Over shoulder] Remember to thoroughly rinse the stirring rod and cuvette with deionized water between each solution [4-MED]. 
[bookmark: _Ref517008175][bookmark: _Ref517008201][bookmark: _Ref517793804]Talent dispenses 5 mL of 0.02 M FeCl₃ into beaker 7, puts down the volumetric pipette, and puts the beaker under the thiocyanate burette, and opens the thiocyanate burette to add 2 mL. (9-10 s of footage) Also used in 6.1.1. 
Talent uses pipette 7 to add solution 7 to the cuvette, caps it and adds to spectrophotometer. To be used in ‎4.6.1. 
[bookmark: _Ref517007995][bookmark: _Ref517077351][bookmark: _Ref517792342]Talent presses the peak at λₘₐₓ on a representative spectrum of solution 7 and writes down the absorbance value. | Also used in ‎4.6.1. 
Reuse 5.12.1
When you are finished, empty the cuvette, volumetric flask, and beakers into the waste beaker and rinse them with deionized water. [1-MED] Collect any excess nitric acid and sodium thiocyanate in their respective beakers. [2-MED-Over shoulder]
With the cuvette and volumetric flask already having been emptied and rinsed into the waste beaker, talent empties one 50-mL beaker into the waste beaker, quickly rinses the 50-mL beaker into the waste beaker, and then empties the next 50-mL beaker into the waste container.
Talent places the stock beakers under the respective burettes and opens the burette stopcocks to drain the burettes.
Neutralize the waste and the excess reagent solutions with baking soda. [1-MED-Over shoulder] And dispose of the waste and the excess FeCl₃ solution in the appropriate waste container. [2-MED]
Talent adds some baking soda to waste flasks.
Talent pours the neutralized waste into the labeled waste container from the waste beaker, quickly rinses the inside of the beaker into the waste container, and then puts down the beaker and pours the neutralized FeCl₃ solution into the waste container.
Flush the neutralized nitric acid and sodium thiocyanate solutions down the drain with tap water. Then, wash your glassware and equipment by your lab’s standard procedures. [1-MED]
Talent rinses the neutralized nitric acid and sodium thiocyanate solutions down the drain with copious tap water and washes the beakers with tap water.
Lastly, collect paper towels and other trash from your fume hood and put them in the lab trash. [1-WIDE]
Talent gathers up paper towels, pH paper, and disposable pipettes from the fume hood and places them in the lab trash.


7. Results
Now, we’ll use our absorbance data to determine the equilibrium constant for the formation of the iron three thiocyanate complex [1].
Title slide
First, let’s calculate the concentrations of iron(III) isothiocyanate in the standard solutions. We can assume that there is no free thiocyanate left in solution. [1] For each trial, multiply the thiocyanate stock concentration by the volume of sodium thiocyanate added, and divide that by the total solution volume of 10 mL. Repeat for all standard solutions [2] 
See storyboard.
Now, create a calibration curve by plotting the absorbance at lambda max for the standard solutions with respect to their iron(III) isothiocyanate concentrations. Find the linear function that fits the data. [1] Beer’s law is expressed by this linear function, which relates absorbance to concentration. Plug in the slope, and solve for the molar attenuation coefficient, epsilon, with “l” as the cuvette width. [2] 
See storyboard.
Next, rearrange the linear equation to solve for concentration. [1] For each ‘unknown’ trial, fill in the absorbance, molar attenuation coefficient, and pathlength, and solve to get the equilibrium concentration of iron(III) thiocyanate for all solutions. [2]
Lastly, let’s estimate the equilibrium constant for iron(III) thiocyanate in solution. [1] For simplicity, we’ll express the constant in units of 1/M. [2] ? “one over molarity?”
See storyboard.
[bookmark: _GoBack]Now, for each trial, determine the equilibrium concentrations of Fe³⁺ and thiocyanate by subtracting the equilibrium concentration of the isothiocyanate complex from the starting reagent concentrations [1]. Then solve the equilibrium equation to estimate the constant for this trial. [2] Compare the constants for all trials. [3]
See storyboard.
