			FILMING SCRIPT

[bookmark: _GoBack]Scriptwriter Name: Tara Cass
Lab Manual: Chemistry 101
Lab: Enthalpy of Reaction

Notes to authors are in italics and highlighted. 

Video A: Instructor’s Guide to Setup – Enthalpy of Reaction

1. [bookmark: _Hlk511390330]List of Materials (assuming a lab group of 10 students working in pairs)
1.1. General Laboratory Equipment and Supplies to be Prepared by Instructor
· Calibrated top-loading balance(s) (minimum 1)[footnoteRef:1] [1:  For all balances, at least 1 balance per 10 students is recommended.] 

· Calibrated analytical balance(s) (minimum 1)
· Package of weighing boats (minimum 20)
· Curved scoop or spatula for each balance
· Laboratory wipes (to clean spatulas between users)
· Scissors for cutting emery paper
· Airtight plastic container or bag for holding pre-cut Mg ribbon x 2
· Waste container(s) for Mg-containing materials (minimum 4 L capacity) and Mg-contaminated disposable items
· Hazardous waste label(s) (if waste container is not pre-labeled)
· Pencil for labeling waste container (if waste container is not pre-labeled)
· Deionized water dispenser (if available)
· Access to cold (below room temperature) tap water or other fresh water
· Paper towels

1.2. Labware and Equipment for Preparation of 2.0 M Hydrochloric Acid
· 2 L volumetric flask[footnoteRef:2] with stopper [2:  When scaling up the procedure for larger class sizes, 2.0 M HCl should be prepared in batches of ≤ 4 L and combined in a large glass carboy to avoid safety hazards.] 

· 500 mL glass graduated cylinder[footnoteRef:3] [3:  All graduated cylinders TD (“to dispense”)] 

· 1 L glass graduated cylinder
· Large stir plate
· Large polytetrafluoroethylene-coated (PTFE-coated) magnetic stir bar
· Glass funnel
· 2 L glass bottle with an acid-resistant cap
· Square of plastic paraffin film
· Magnetic wand

1.3. Materials for Students and Instructor
A moderate excess for reagents and disposable items is included.
Chemicals
· 5 L deionized water (if a deionized water dispenser is not available)
· 350 mL 12.1 M hydrochloric acid
· 5 g magnesium ribbon
· 10 g magnesium oxide
Labware
· 150 mL glass beaker x 5
· 600 mL glass beaker x 5
· 50 mL glass graduated cylinder (TD) x 5
· 70 mm watch glass x 5
· Quick-reading digital thermometer (range must include 60 °C) x 5
· Medium (⅞″ × ⅜″) PTFE-coated magnetic stir bar x 5
· 125 mL plastic wash bottle x 5
Equipment and Other Materials
· Package of 12 oz. polystyrene cups (minimum 12)
· 4″ × 4″ × 2 mm cardboard lid with a 4-mm-wide hole punched in the center x 5
· Data acquisition device x 5
· Acid-tolerant temperature probe for data acquisition device x 5
· Flash drive x 5 (if device cannot transfer data wirelessly)
· Small non-heating stir plate x 5
· Small to medium hot plate x 5
· Lab stand x 5
· Thermometer clamp x 10
· 5″ or longer PTFE or stainless steel forceps x 5
· Sheet of emery paper, any mesh (minimum 2″ × 14″)
· Insulating gloves x 5 (optional)
· Scissors for cutting Mg ribbon, any material x 6
· Label tape x 6
· Labeling pen x 6
· Box of baking soda (sodium bicarbonate) x 5
· pH paper x 5
· Box of plastic pipettes x 1

Note to authors and videographer: When footage duration is mentioned, this is just a recommended minimum to ensure that there is sufficient footage for the accompanying voice-over.
2. Preparation of 2.0 M Hydrochloric Acid
Disclaimer: Here we show preparation of 2.0 M hydrochloric acid (HCl) for 10 students working in pairs, with some excess. Please adjust quantities as needed.
First, put on a lab coat, splash-resistant safety glasses, and disposable gloves. [1-MED] Hydrochloric (/ˌhaɪ drəˈklɔːr ɪk/) acid is extremely corrosive, [2-CU-TXT] so all hydrochloric acid solutions must be used carefully in a fume hood. [3-WIDE]
Talent fastens the last snap/button of a mostly-closed lab coat, puts on a pair of safety glasses, and then puts on a pair of disposable gloves.
[bookmark: _Ref515026133]Talent points out the warning labels/GHS pictograms on a bottle of concentrated HCl. (TEXT: Caution: HCl is extremely corrosive.)
Talent brings a bottle of concentrated HCl to the fume hood and carefully places it in the fume hood. (The volumetric flask and a piece of paper towel should already be in the fume hood.)
To prepare 2 L of 2.0 M (molar) HCl (H-C-L), [1-CU] first, carefully measure 330 mL of 12.1 M HCl with a 500-mL graduated cylinder. Close the bottle of concentrated HCl when finished. [2-MED-TXT]
[bookmark: _Ref512703104]Use shot 2.7.2. (A close-up shot of the labeled bottle of 2.0 M HCl)
Talent carefully pours HCl into a 500-mL graduated cylinder to the 330-mL mark and then closes the bottle of HCl. (TEXT: 330 mL 12.1 M HCl)
Video editor: Please delay showing the text overlay until “330 mL” is spoken.
Next, place a funnel in the mouth of a 2-L (two-liter) volumetric flask and carefully pour the HCl into the flask. [1-MED] Then, slowly add 1 L of deionized water to the flask. [2-MED]
Talent places a funnel in the mouth of the volumetric flask and slowly pours the HCl into the flask.
Talent slowly pours DIH2O from a graduated cylinder into the flask via the funnel. (Note: If you use a 500-mL graduated cylinder for the water, please film the addition of the second 500-mL portion, with the first 500-mL portion already having been added to the flask, for visual consistency.)
[bookmark: _Hlk485648004]Place the funnel on a clean surface and seal the top with plastic paraffin film. [1-MED-Over shoulder] Carefully invert the flask several times, until the mixture appears homogeneous (hoe-moh-jee-nee-us /ˌhoʊ məˈʤiː niː əs/). [2-MED]
Talent removes the funnel from the flask and sets it on a piece of paper towel, and starts wrapping parafilm around the stopper and mouth of the flask. (~6 s of footage)
Talent, holding the stopper in place, carefully inverts the flask at least twice. (~5 s of footage)
Then, remove the film, [1-MED/CU] and fill the volumetric flask to the line with deionized water. [2-MED-Over shoulder] Stir the solution with a large magnetic stir bar until thoroughly mixed, which usually takes 20 to 30 seconds. [3-MED]
With the solution in the flask now homogeneous, talent removes the film.
Talent carefully adds the last few mL of DIH2O to the flask to bring the liquid level up to the line.
Talent places the magnetic stir bar in the flask, puts the flask on the plate, and turns up the stir motor until the mixture is stirring well.
Then, turn off the stir motor, remove the flask from the stir plate, [1-MED-Over shoulder] and retrieve the stir bar. [2-MED] After that, label a 2-L glass bottle with ‘2.0 M HCl’. [3-MED-Over shoulder]
Talent turns off the stir motor and moves the flask off of the stir plate.
Talent uses the magnetic wand to pull the stir bar out of the flask, and then sets the wand and stir bar on the paper towel.
Talent writes ‘2.0 M HCl’ on a 2-L glass bottle.
Then, place the funnel in the mouth of the labeled bottle and carefully transfer the 2.0 M HCl solution from the flask to the bottle. [1-MED][2-CU] Cap the bottle and store it in the hood reserved for the instructor. [3-MED-Over shoulder]
Talent places the glass funnel in the labeled bottle and then pours* the 2 M HCl into the bottle.
[bookmark: _Ref512444646]A close-up shot of the bottle of 2.0 M HCl (with the label facing the camera) in the hood. | To be used in 2.2.1. and 5.2.3. 
Talent places the capped bottle of 2.0 M HCl in the back of the instructor’s hood. 
Video editor: You may need to crossfade from the beginning to the end of the pouring, depending on the length of the shot.
Lastly, put away the concentrated HCl [1-WIDE] and clean your glassware according to your institution’s procedures. [2-WIDE]
Talent picks up the concentrated HCl and carries it away from the hood.
Talent rinses a graduated cylinder with tap water. (~5 s of footage)
3. Preparation of the Laboratory
[bookmark: _Hlk491166950]Now, let’s prepare the lab for the calorimetry (kal-uh-rim-eh-tree /ˌkæl əˈrɪm ə triː/) experiment. [1-SPLIT] Start by ensuring there is a properly labeled waste container for aqueous (ey-kwee-us /ˈeɪ kwiː əs/) magnesium waste per your institution’s procedures. [2-MED-Over shoulder]
[bookmark: _Ref512629138][bookmark: _Ref512703139]Split shot of 4.3.2. and 4.10.1. (talent looking at an already-set-up hood and talent picking up the LabQuest and temperature probe)
Shot of hazardous waste drum with the label is facing forward.
Next, set up each fume hood as shown. See the table of materials for a list of equipment. [1-WIDE-TXT] Then, place a 125-mL plastic wash bottle filled with deionized water in each hood. [2-MED]
Slow pan over the fume hood, which contains the non-heating stir plate, the stirring hotplate, the lab stand with the thermometer clamp already attached, lab tape, and the labeling pen. (TEXT: See table of materials for equipment.) (5-6 s of footage)
Talent places a filled wash bottle in the set-up hood.
Now, ensure that each workstation has the following: [1-WIDE] a 150-mL beaker, a 600-mL beaker, a 50-mL graduated cylinder, a 70-mm watch glass, a digital thermometer, a magnetic stir bar, and forceps. [2-MED-Over shoulder]
Talent approaches the bench/fume hood where the glassware will be set out with a tray containing the listed items.
Talent places each of the named items on the bench/in the hood, one by one. (Read script aloud for pacing.)
Then, cut an approximately 2″ × 2″ piece of emery paper for each group. [1-MED/CU] Provide to each workstation a piece of emery paper, a pair of scissors, two polystyrene cups, and a cardboard lid with a hole in the center. [2-MED]
Talent cuts a 2” x 2” piece of emery paper from a roll/sheet of emery paper.
Talent places a tray/box of the named items on the bench/hood where they will be set out and places each of the items on the bench/hood as they are named, one by one. (Read script aloud for pacing.)
After that, set out boxes of baking soda and packages of pH (P-H) paper for neutralizing acid waste, [1-SPLIT] as well as plastic pipettes for adjusting volume measurements. [2-MED] Ensure that there are paper towels by each lab sink. [3-MED]
[bookmark: _Ref512703212]Split shots from 6.10.1. and 6.10.2. (talent pouring baking soda into acidic waste and talent checking the pH of waste with pH paper)
Talent takes 2-3 plastic pipettes from a box and places them with the other labware in the hood.
Talent places a paper towel roll near the sink.
Then, prepare the temperature data recording devices. [1-MED/CU] Confirm that the devices are working and charged [2-MED-Over shoulder] before distributing them to the fume hoods. [3-WIDE]
Talent plugs the temperature probe into the LabQuest, which is plugged into the charger.
Talent unplugs the LabQuest (with the attached temperature probe) from a charger and turns it on as though checking it. 
Talent carries the LabQuest and probe to a hood/bench near a hood and places the device in the hood/on the bench. (~3 s of footage)
Next, bring a container of magnesium oxide, a package of Mg (magnesium) ribbon, and a pair of scissors for cutting Mg to the balance area. [1-WIDE] Confirm that there is a waste container and a sufficient supply of weighing boats, clean spatulas, and laboratory wipes at the balances. [2-MED-Over shoulder]
Talent brings the MgO, the Mg ribbon, and the scissors to the balance area and places them by the balances, with the Mg ribbon and scissors further forward to indicate that they will be used shortly. (~4-5 s of footage)
Talent checks that the waste container for used kimwipes/weighing boats is empty and then checks the stack of weighing boats, the stack of spatulas, and the box of kimwipes. (6-7 s of footage)
Now, label a clean, airtight box or bag with ‘0.45-0.55 g (0.45- to 0.55-gram) Mg metal pieces’. [1-MED/CU] Cut a piece of Mg ribbon with a mass of 0.45 to 0.55 g for each student group [2-CU] and place the pieces in the container. [3-MED]
Talent writes ‘0.45-0.55 g Mg metal pieces’ on a piece of lab tape affixed to the airtight container.
Talent cuts a piece of Mg ribbon from the roll over the weighing boat so that the piece falls into the weighing boat and closes the balance side doors. (~5-6 seconds)
[bookmark: _Ref515024153]Talent tips the piece from the weighing boat into the box and closes the box.
[bookmark: _Hlk512690886]Note to videographer: Please get ~7-8 seconds of b-roll of talent cutting additional pieces and putting each piece in the airtight container. | To be used in 3.9.1. 
Consider calculating the needed length in advance to help you reliably cut pieces of the appropriate mass. [1] Save any too-small pieces in a separate container. [2-MED]
[bookmark: _Ref512510940]See storyboard. Uses clip from 3.8.3. b-roll.
Talent places a too-small piece in another bag/box.
Afterwards, dispose of the weighing boat and put away the scissors. [1-WIDE] Store the sealed containers of Mg ribbons in the instructor’s hood, with the 0.45-0.55 g pieces easily accessible. [2-MED-Over shoulder][3-CU] Place a stack of weighing boats next to the Mg ribbons to finish the setup. [4-MED]
Talent puts the weighing boat in the waste container at the balance and puts the scissors in a drawer/tray.
Talent places the containers of Mg ribbons in the instructor hood, with the box of 0.45-0.55 g pieces in front of the other containers.
[bookmark: _Ref512624136][bookmark: _Ref512625280]A close-up shot of the sealed, labeled container of Mg ribbon pieces. | To be used in 5.2.1. and 5.5.2. 
Talent places a stack of weighing boats next to the container of Mg ribbon pieces.


Video B: Student Laboratory Exercise – Calorimetry and Hess’s Law
4. Experiment 1 – Collecting Data for Calculating the Heat Capacity of a Calorimeter
This experiment will use a constant-pressure calorimeter made of two stacked polystyrene cups, a cardboard lid, and a probe measuring the temperature of a solution in real-time.  [1] Polystyrene is a good insulator, so you can assume that no heat is exchanged between the inside and outside of the cups. [2]
[bookmark: _Ref512586266][bookmark: _Ref512586648][bookmark: _Ref512586710]See storyboard. Uses clips from 4.4.1. , 4.9.2. , 5.11.2. , and 5.14.1. 
See storyboard.
The calorimeter itself will absorb some heat, which you’ll account for by calculating its heat capacity. [1] In the first part of this experiment, you’ll add hot water to cold water in the calorimeter and measure the temperature increase. [2-SPLIT] After the experiment, you’ll calculate how much heat the hot water lost to the calorimeter rather than to the cold water. [3]
See storyboard.
[bookmark: _Ref512618363]Split shot of 4.16.3. and 4.17.1. b-roll (talent pouring hot water into the calorimeter and the temperature reading increasing)
Show clips from 7.5. (storyboard of calculating the calorimeter heat capacity)
Disclaimer: We suggest that students work in pairs for this experiment. User instructions may vary for devices and software different from the ones shown.
First, put on a lab coat, splash-resistant safety glasses or goggles, and disposable gloves.  [1-MED] Make sure that your fume hood is clean and ready to use, [2-WIDE] and that your glassware is clean and undamaged. [3-CU]
Talents button the last button of a mostly-fastened lab coat, puts on safety glasses, and then puts on disposable gloves.
[bookmark: _Ref512628929]Talents turns on the light of a clean fume hood (containing only items that the instructor has put there) and surveys the fume hood. (~3-4 s of footage) | Also used in 3.1.1. 
Talent slowly rotates the 150-mL beaker in front of the camera as though checking for cracks. (~3 s of footage)
To begin the lab, stack two polystyrene cups to form the insulated calorimeter vessel. [1-MED/CU] Place a magnetic stir bar in the calorimeter. [2-CU]
[bookmark: _Ref512586426]Talent picks up one polystyrene cup and places it inside the other cup. | Also used in 4.1.1. 
Angled top-down view of talent placing a stir bar in the cups and showing the cups and stir bar to the camera.
Now, measure the combined mass of the empty cups and the stir bar on a zeroed top-loading balance. [1,2-MED,CU-SPLIT] Record this in your lab notebook as the empty calorimeter mass, [3-MED-Over shoulder-TXT] and return to your fume hood. [4-WIDE]
Talent places the calorimeter (with stir bar) on the zeroed top-loading balance and looks at the reading. (~5 s of footage)
An angled top-down view of talent placing the calorimeter on the balance (as a visual reminder that students shouldn’t forget the stir bar). (~5 s of footage)
Talent looks at the stable reading and then writes down the mass in a pre-marked place. (TEXT: mcal-empty) (~5 s of footage)
Talent picks up the calorimeter and moves towards the fume hood area.
Video editor: Please delay showing the text overlay until “as the…” is spoken.
Then, measure 50 mL of cold tap water, [1-MED] and pour it into the calorimeter. [2-MED-Over shoulder] Measure the combined mass [3-MED-Over shoulder], record it in your lab notebook [4-CU], and bring the calorimeter back to your workstation [5-WIDE].
Talent holds a 50-mL graduated cylinder under a tap and opens the tap to fill the graduated cylinder to the 50-mL mark.
Talent pours the cold water into the cups.
Talent places the cold-water-filled calorimeter on the top-loading balance and watches the reading stabilize. (~6 s of footage).
Talent writes down the mass in a pre-marked space in the lab notebook.
Talent carries the calorimeter back to the fume hood/bench.
Calculate the mass of the cold water, or mcold (M-cold), by subtracting the mass of the “empty” calorimeter from the mass of the calorimeter with cold water in it. [1-MED-Over shoulder-TXT]
Talent uses a calculator to subtract the ‘empty’ weight from the calorimeter with cold water, and then writes the resulting mass in the lab notebook in a pre-marked place. (TEXT: mcold = mcal-coldH₂O – mcal-empty) (~8 s of footage)
[bookmark: _Hlk512679025]Video editor: Please delay showing the text overlay until “or mcold” is spoken.
Now, measure 50 mL of deionized water and pour it into a 150-mL beaker. [1-MED] Place the beaker on a hot plate under a thermometer clamp [2-MED/CU] and fix a digital thermometer in the water. [3-CU] 
Talent pours 50 mL of DIH2O from the graduated cylinder into the beaker.
Talent sets the beaker on the hot plate under the thermometer clamp.
Talent clamps the digital thermometer in the beaker with the sensor under the water.
Then, set the calorimeter in the center of a small stir plate under another thermometer clamp, [1-MED] and cover with a cardboard lid that has a hole in the center. [2-CU]
Talent places the calorimeter on the stir plate and centers it under the thermometer clamp
[bookmark: _Ref513302288]Talent places the lid on the calorimeter. | Also used in 4.1.1. 
Now, turn on your data recording device and configure it to record the temperature over time. [1-MED-Over shoulder] Set the data recording rate to 2 readings per second and the recording duration to 600 seconds. [2-CU] 
[bookmark: _Ref512629160]Talent picks up the LabQuest, turns it on, and creates a new experiment. (~6-7 s of footage) Also used in 3.1.1. 
[bookmark: _Ref513278898]With the settings already set to a rate of 2 readings per second and a duration of 600 seconds, talent uses the stylus to first point out the rate and then the duration. (~6 s of footage – read script aloud for pacing.)
Insert the temperature probe through the hole in the calorimeter lid and clamp it in place. [1-MED-Over shoulder] The probe should always be fixed high enough that you can lift the lid. [2-CU]
Talent inserts the end of the probe through the hole in the lid, fits the top of the probe into the jaws of the thermometer clamp, and tightens the clamp around the probe. (~5-6 s of footage)
Talent pushes on the probe to show that it is firmly held in place, and then lifts the cardboard lid to show that students can add things to the calorimeter without moving the probe. (~4 s of footage)
Now, start the stir motor and increase the rotational speed until the stir bar is [1-MED] stirring steadily in the calorimeter. [2-CU] Once the temperature shown on the data acquisition device stabilizes to within ± (plus or minus) 0.1 °C, [3-CU-TXT] record it in your lab notebook as Tcold-initial (T-cold-initial). [3-MED-Over shoulder-TXT]
Talent turns up the stir speed to medium-high, and then lifts the calorimeter lid slightly to look into the calorimeter.
The stir bar stirring steadily in the calorimeter under the probe. (~3 s of footage)
[bookmark: _Ref512522568][bookmark: _Ref513294512]The cold water temperature reading shown on the LabQuest once it has stabilized. (TEXT: Stable: ± 0.1 °C) (~5 s of footage)
With the calorimeter visible on the stir plate in the background, talent looks at the temperature reading on the LabQuest and writes it in a pre-marked space in the lab notebook. (TEXT: Tcold-initial) (~4 s of footage)
Video editor: Please delay showing the text overlay until “as Tcold-initial” is spoken.
Then, turn on the hot plate and monitor the water temperature with the digital thermometer. [1-MED-Over shoulder] While you wait, bring some paper towels to your fume hood. [2-MED]
[bookmark: _Ref512618175]Talent turns on the hot plate and looks at the reading on the thermometer. (~5 s of footage)
Talent lays down a piece of paper towel and sets a few more pieces of paper towel nearby.
Once the water reaches 60 °C, [1-ECU] turn off the hot plate. [2-MED-Over shoulder] Remove the temperature probe from the cold water, wipe off the probe, and place it in the hot water. [3-MED]
A close-up shot of the thermometer at ~60 °C. (~3 s of footage)
Talent turns off the hot plate.
Talent removes the temperature probe from the already-loosened clamp, quickly wipes it with a paper towel, and places it in the beaker of hot water.
Ensure the probe does not touch the bottom of the beaker as the temperature reading stabilizes (4.15.1A) Then, record the temperature in your lab notebook as Thot-initial (T-hot-initial). [1-MED-TXT] Then, remove the probe from the hot water, wipe it off, and return it to the calorimeter. [2-MED-Over shoulder]
[bookmark: _Ref512522819][bookmark: _Ref513294381]4.15.1A  Talent holding probe in beaker. Probe is not touching bottom of beaker.
With the temperature probe in the beaker of hot water visible in the background, talent looks at the temperature reading on the LabQuest and writes the temperature in a pre-marked space in the lab notebook. (TEXT: Thot-initial)
Video editor: Please delay showing the text overlay until “as Thot-initial” is spoken.
[bookmark: _Ref512619175]Talent removes the probe from the beaker, quickly wipes it off, and then inserts the temperature probe into the calorimeter through the hole in the lid and clamps it in place. | Also used in 7.3.2. 
Once the temperature reading has stabilized, [1-MED/CU] start data collection and wait for the device to record a few seconds of data. [2-CU] Then, carefully pour the hot water into the calorimeter. [3-MED-Over shoulder]
Talent watches the stable reading for ~3 s.
Talent taps the green ‘Play’ button; data collection begins and runs for ~3-4 seconds.
[bookmark: _Ref512617292]Talent picks up the beaker, lifts the calorimeter lid, pours the hot water into the calorimeter, and lets the calorimeter lid drop. | Also used in 4.2.2. 
Monitor the temperature reading as the hot and cold water mix. [1-MED-Over shoulder] Once the temperature reaches a maximum, meaning that the temperature is no longer increasing, [2-CU] continue collecting data for 5-6 minutes to ensure that you record an equilibrium temperature. [3-MED]
[bookmark: _Ref512703860]Talent (no longer holding the beaker) watches the temperature reading on the LabQuest. (~5-6 s of footage) Also used in 4.2.2. 
[bookmark: _Ref512617723]A close-up view of the LabQuest screen showing the temperature having reached a stable maximum point. (~5 s of footage)
Talent sets a timer for 5-6 minutes, starts the timer, and places it by the LabQuest.
Note to videographer: Please also get some b-roll of a close-up view of the temperature increasing on the device screen. (~6 s of footage) To be used in 4.2.2. 
Then, stop data collection and name the data ‘Calibration’. [1-CU] Remove the probe and lid from the calorimeter and set them aside. [2-MED]
Talent uses the stylus to press the ‘Stop’ button and then manually saves the run as ‘Calibration’.
Talent withdraws the probe from the calorimeter, removes the lid, and puts the probe and lid on the paper towels near the LabQuest.
Now, measure the mass of the water-filled calorimeter on the top-loading balance. [1-MED-Over shoulder] Record the mass in your lab notebook [2-CU-TXT] and bring the calorimeter back to the fume hood. [3-MED]
Talent places the water-filled calorimeter on the balance and looks at the reading as it stabilizes.
[bookmark: _Ref513297739]Talent writes down the mass in a pre-marked space in the lab notebook. (TEXT: mcal-mixedH₂O)
Talent picks up the calorimeter and carries it away in the direction of the hood.
Calculate the mass of the hot water, or mhot (M-hot), by subtracting the mass of the calorimeter containing cold water from the mass of the calorimeter containing mixed hot and cold water. [1-MED-Over shoulder-TXT][2-CU]
Talent uses a calculator to perform the subtraction described and writes the results in a pre-marked space in the lab notebook. (TEXT: mhot = mcal-mixedH₂O – mcal-coldH₂O) (~9 seconds of footage)
Video editor: Please delay showing the text overlay until “or mhot” is spoken.
[bookmark: _Ref512520959]Talent writes the mass of the hot water in a pre-marked space in the lab notebook (use another page set up identically to the page used in the previous shot). The mcold entry should also be visible. | To be used in 7.5.1. 
Then, remove the magnetic stir bar from the calorimeter [1-MED/CU], and pour the water down the sink. [2-MED-Over shoulder] Thoroughly dry the calorimeter and the stir bar and return the stir bar to the calorimeter before proceeding. [3,4-MED/CU,CU-SPLIT]
Talent picks up a pair of forceps, uses the forceps to pick up the stir bar from the water, and puts the magnetic stir bar on a paper towel.
Talent pours the water from the calorimeter into the sink basin.
[bookmark: _Ref512689995]With used, damp paper towels nearby, talent dries the inside of the calorimeter with little to no water coming off on the paper towels. | Also used in 5.18.2. 
Talent wipes off the stir bar with paper towels until no more water comes off on the paper towels, and then places the stir bar back in the calorimeter.
5. Experiment 2 – Mg (s) + 2 HCl (aq) → MgCl₂ (aq) + H₂ (g)
This is the first reaction that you will perform in the calorimeter. [1] Here, magnesium metal is oxidized to Mg²⁺ (magnesium two-plus) and H⁺ (H-plus) is reduced to H₂ (hydrogen) gas. [2]
See storyboard.
[bookmark: _Ref512622657][bookmark: _Ref512623261][bookmark: _Ref512623491]See storyboard | Uses clips from 5.13.1. and 5.13.3. 
You will continue working in a fume hood because of the hazards associated with the reactants and products of this reaction: [1-SPLIT] Mg metal ribbon is water-reactive and flammable, [2-CU-TXT] hydrochloric acid is corrosive and toxic, [3-SPLIT-TXT] and H₂ gas is also flammable. [4-MED-Over shoulder]
[bookmark: _Ref512625465][bookmark: _Ref512625199]Split shot of 5.6.1. and 5.9.2. (talent polishing the Mg piece and talent pouring HCl into a beaker in the fume hood)
Use shot 3.10.3. (close-up shot of the box of Mg pieces) (TEXT: Caution: Mg ribbon is water-reactive and flammable.)
[bookmark: _Ref512625428]Split shot of 2.7.2. and 2.1.2. (the bottle of HCl solution and the warning labels on the concentrated HCl bottle) (TEXT: Caution: HCl is corrosive and toxic.)
[bookmark: _Ref515034022]Use shot 5.13.2. (with the calorimeter lid lifted, talent adjusts the stir speed so the bubbling mixture is stirring evenly)
Now, let’s continue the lab. Create a new data collection run [1-MED] with the same settings as before. [2-CU]
Talent picks up the LabQuest and taps the filing cabinet icon to make a new run (and names the run, if prompted).
[bookmark: _Ref513283200]A close-up view of the settings screen showing the rate and duration set to the proper values. (~4 s of footage)
Next, label a 600-mL beaker for aqueous Mg waste, [1-MED-Over shoulder] which must be disposed of separately at the end of the lab. [2-MED]
Talent labels the 600-mL beaker as ‘aqueous Mg waste’. (~5 s of footage)
[bookmark: _Ref512686226]Use shot 6.10.3. (talent pouring waste into the labeled Mg waste container)
Now, go to a central hood to obtain the Mg ribbon, [1-WIDE] which is provided in 0.45-0.55 g pre-cut strips. [2-CU] Place one piece of ribbon in a weighing boat and bring it back to your hood. [3-MED/CU]
Talent approaches the instructor hood or other central area, with the Mg ribbon box visible in the hood.
[bookmark: _Ref512687142]Use shot 3.10.3. (A still shot of the box of pre-cut Mg ribbons.)
[bookmark: _Ref513302797]Talent transfers the Mg ribbon from the already-open container to a weighing boat from the stack next to the container, closes the container, and picks up the weighing boat as though about to return to the other hood.
Then, use a paper towel and emery paper to polish the Mg ribbon, revealing shiny, silvery material. [1-MED/CU] Polishing removes the outer layer of magnesium oxide that forms when Mg metal is exposed to air. [2-ECU]
[bookmark: _Ref515031337]Talent picks up the emery paper and the Mg ribbon and begins polishing the ribbon on a paper towel to reveal shiny Mg under the MgO layer. (~5-6 s of footage)
[bookmark: _Ref512625088]Talent continues polishing the Mg ribbon, removing the duller MgO layer. (~5 s of footage)
Then, cut the polished Mg ribbon into 0.5-1.0-cm-long (0.5- to 1-centimeter-long) pieces in the weighing boat. [1-CU] Use an analytical balance and a second, tared weighing boat to measure the precise mass of your Mg. [2-MED/CU]
[bookmark: _Ref512623175]Using scissors, talent cuts the ribbon into pieces over the weighing boat. (~8 s of footage)
Talent tips the Mg ribbon pieces into the tared weighing boat on the analytical balance and watches the reading stabilize.
Record the mass in your lab notebook. [1-MED-Over shoulder] Then, discard the extra weighing boat and bring the Mg pieces back to the fume hood. [2-WIDE]
Talent writes the stable mass reading in the lab notebook. (~4 s of footage)
Talent puts the now-empty weighing boat in the waste container by the balances and carries away the Mg pieces in the other weighing boat. (~4-5 s of footage)
Now, bring a 150-mL beaker and a watch glass to the fume hood for dispensing HCl, [1-WIDE] and carefully pour about 110 mL of 2.0 M HCl into the beaker. [2-MED/CU] Cover the beaker and transport it back to your hood. [3-WIDE]
Talent carries the 150-mL beaker and the watch glass to the HCl hood. The bottle of HCl should be visible in shot.
[bookmark: _Ref512625481]Talent pours HCl from the labeled bottle into the beaker to the 110-mL mark and then caps the bottle. | Also used in 5.2.1. and 6.4.1. 
[bookmark: _Ref513287247]With the watch glass covering the beaker, talent carefully carries the beaker of HCl from the HCl hood to the working area hood. | Also used in 6.4.1. 
Use a 50-mL graduated cylinder to add 100 mL of 2 M HCl to the dry calorimeter. [1-MED-Over shoulder-TXT] Record the total volume of HCl added [2-MED-Over shoulder] and neutralize any drops of spilled acid. [3-CU]
Talent pours HCl into the graduated cylinder to the mark and then pours the HCl into the calorimeter. (TEXT: 100 mL 2.0 M HCl)
Video editor: Please delay showing the text overlay until “100 mL” is spoken.
Talent writes down the total volume of HCl in the lab notebook.
Talent sprinkles baking soda on a few drops of HCl as a demonstration. (~3 s of footage)
Then, put the calorimeter on the stir plate, cover the calorimeter, [1-MED-Over shoulder] and clamp the temperature probe in place. [2-CU] Set the stir motor to a medium-high speed. [3-MED-Over shoulder]
Talent puts the calorimeter in the center of the small stir plate and places the lid on the calorimeter.
[bookmark: _Ref513302356]Talent inserts the temperature probe through the hole in the lid and clamps the probe in place. | Also used in 4.1.1. 
Talent turns up the stir motor to medium-high.
Start recording temperature data. Wait for 30 seconds of data to be collected so that you obtain an accurate initial temperature. [1-CU]
Talent picks up the stylus and taps the ‘Play’ button; data collection initializes and proceeds for several seconds. (~10 s of total footage)
Then, lift the cardboard lid and add the Mg pieces into the calorimeter all at once. [1-MED] Adjust the stir speed so that the pieces are stirring briskly. [2-MED-Over shoulder] It’s important to stir the mixture well to dissolve as much Mg in the acid as possible. [3-CU]
[bookmark: _Ref512530342][bookmark: _Ref512623294]Talent lifts the lid and pours the Mg ribbon pieces into the calorimeter. | Also used in 5.1.2. and 7.6.1. 
[bookmark: _Ref515033511][bookmark: _Ref515034038]With the lid lifted, talent adjusts the stir speed while watching the mixture being stirred. (~4 s of footage) Also used in 5.2.4. 
[bookmark: _Ref512530345][bookmark: _Ref512623462][bookmark: _Ref515033963]A view in the calorimeter of the Mg pieces being stirred well and gas bubbling from them. (~5 s of footage) | Also used in 5.1.2.  and 7.6.1. 
Now, close the calorimeter and monitor the data readout [1-MED-Over shoulder] as the temperature increases. [2-CU]
[bookmark: _Ref512587370]Talent closes the calorimeter and looks at the LabQuest screen. | Also used in 4.1.1. 
A close-up view of the LabQuest screen with the temperature increasing. (~3 s of footage)
Once the temperature reaches a maximum, [1-CU] allow data collection to continue for another 5 minutes. [2-MED-Over shoulder] Then, stop data collection [3-CU] and turn off the stir motor. [4-MED-Over shoulder]
A close-up view of the LabQuest screen with the temperature at a maximum. (~3 s of footage)
Talent sets a timer for 5 minutes, starts the timer, and places it next to the still-running LabQuest.
With the LabQuest now showing 5 minutes of data after the maximum, talent presses the ‘Stop’ button with the stylus.
Talent turns off the stir motor.
To avoid cross-contamination in your next experiment, [1-MED-Over shoulder], thoroughly rinse the temperature probe with deionized water and collect the rinse in the waste beaker. [2-MED/CU]
Talent draws the waste beaker and wash bottle towards the front of the hood. (~ 5 s of footage)
[bookmark: _Ref513285157]Talent squirts water over the entire metal surface of the probe, with the probe at an angle that lets the water stream off of the probe into the beaker. To help with reusing the shot, no pieces of Mg should be visible on the probe itself. (~6 s of footage) Also used in 6.9.1. 
Then, remove the calorimeter from the stir plate [1-MED] and retrieve the stir bar with forceps. [2-CU] Clean the stir bar and forceps in the same way. [3-CU]
Talent picks up the calorimeter.
Talent carefully retrieves the stir bar, avoiding contact between their gloves and the HCl as much as possible.
[bookmark: _Ref512698898]With the stir bar held in the forceps over the waste beaker, talent squirts water onto all surfaces of the stir bar and forceps, with the rinse dripping into the beaker. To help with reusing the shot, no pieces of Mg should be visible on the stir bar/forceps. (~6 s of footage) Also used in 6.9.1. 
Now, pour the contents of the calorimeter into the waste and thoroughly wash the calorimeter with deionized water. [1-MED/CU] Dry the calorimeter with paper towels. [2-MED/CU]
Talent pours the reaction mixture into the waste beaker, picks up the wash bottle, and squirts deionized water all around the inside of the calorimeter, letting the rinse flow into the waste beaker.
[bookmark: _Ref512690090]Use shot 4.21.3. (talent drying the inside of the calorimeter)
Switch the stacking order of the polystyrene cups to provide a clean inner surface for the next reaction. [1-MED/CU] Lastly, dry the forceps, stir bar, and temperature probe, and return the stir bar to the calorimeter. [2-MED-Over shoulder]
Talent takes the inner cup out of the outer cup, places the formerly-outer cup in the formerly-inner cup, and tilts the cups so that the clean, dry inner surface is visible to the camera. (~6 s of footage)
With the dry forceps and temperature probe lying on paper towels, talent dries the stir bar with another paper towel and places the stir bar in the calorimeter.
6. Experiment 3 – MgO (s) + 2 HCl (aq) → MgCl₂ (aq) + H₂O (l)
Here is the second reaction that you will perform in the calorimeter. [1] This is an acid-base reaction in which MgO (magnesium oxide) neutralizes HCl. [2] As before, MgCl₂ (magnesium chloride) will remain in solution as solvated (sawl-vey-ted /ˈsɒl veɪ təd/) ions. [3]
See storyboard.
[bookmark: _Ref512625988]See storyboard | Uses clips from 6.6.2. 
[bookmark: _Ref512704178]See storyboard | Uses clips from 6.7.1. 
MgO is a respiratory irritant, [1-CU-TXT] so use caution when measuring it out. [2-MED-Over shoulder-TXT] Like the previous reaction, you must work in the fume hood because of the hazards associated with MgO and HCl. [3-MED-Over shoulder]
Talent points out the GHS pictograms/warning labels on the container of MgO. (TEXT: Caution: MgO is a respiratory irritant.)
[bookmark: _Ref512690576]Use shot 6.3.2. (talent closing the container of MgO upon finishing adding MgO to the weighing boat) (TEXT: Caution: MgO is a respiratory irritant.)
[bookmark: _Ref512627893]Use shot 6.4.2. (talent pouring HCl into the graduated cylinder, with MgO visible in a weighing boat in the same hood)
Now, create a new data collection run with the same settings as before to continue with the lab. [1-MED-Over shoulder] Then, measure out approximately 1 g of MgO on an analytical balance [2-MED-Over shoulder] and record the precise mass in your lab notebook. [3-MED/CU]
Talent picks up the device, creates a new run, and then switches to the parameters screen to check that the settings have not changed. (~5 s of footage)
[bookmark: _Ref513303010]Talent places the last scoopful of MgO needed to reach about 1 g, closes the MgO container, and watches the balance reading. (~6-7 s of footage) Also used in 6.2.2. 
Talent writes down the mass of MgO in the lab notebook in a pre-marked space.
Next, use your 150-mL beaker to transport about 110 mL of 2 M HCl to your fume hood. [1-SPLIT] Pour 100 mL of HCl in the calorimeter [2-MED] and record the total volume of HCl added. [3-MED-Over shoulder]
[bookmark: _Ref513303038]Split shot of 5.9.2. and 5.9.3. (talent pouring HCl into the beaker and talent carrying the beaker back to a fume hood)
[bookmark: _Ref513287528]Talent pours 50 mL of HCl into the calorimeter from a filled graduated cylinder and then refills the graduated cylinder with the rest of the HCl from the beaker. If possible, have the MgO in the weighing boat in shot. | Also used in 6.2.3. 
Talent writes down the volume of HCl added in the lab notebook.
Now, set up the calorimeter on the stir plate in the same way as the last experiment, [1-MED] begin stirring at a high speed, and start collecting temperature data. [2-MED-Over shoulder]
With the calorimeter on the stir plate, talent drops the stir bar into the calorimeter, covers the calorimeter, inserts the probe, and clamps it in place.
Talent turns the stir motor to ‘High’ and presses the play button on the LabQuest.
Wait 30 seconds to establish an accurate initial temperature reading. [1-MED-Over shoulder] Then, lift the calorimeter lid and pour the MgO into the calorimeter all at once. [2-MED/CU]
Talent taps the play button and watches the initial temperature reading on the LabQuest screen. (~8 s of footage)
[bookmark: _Ref512626003]Talent lifts the calorimeter lid and pours the MgO from the weighing boat into the calorimeter all at once. | Also used in 6.1.2. 
Ensure that the mixture is stirring vigorously before replacing the lid. [1-CU] Monitor the temperature reading as it increases.  [2-CU]
[bookmark: _Ref512619256][bookmark: _Ref512626287]With the lid open enough to see into the calorimeter, a view of the mixture stirring well in the calorimeter. (~5 s of footage) Also used in 6.1.3. and 7.3.2. 
The temperature reading increasing on the LabQuest screen. (~4 s of footage)
Once the temperature reaches a maximum, [1-CU] collect 5 more minutes of data. [2-MED-Over shoulder] Then, stop data collection and turn off the stir motor. [3-MED] Save your data and transfer the file to a computer or flash drive so you can process it later. [4-MED-Over shoulder]
The temperature plateauing just after reaching a maximum on the LabQuest screen.
Talent starts a 5-minute timer and places the timer next to the LabQuest.
Talent stops the 5-minute timer when it goes off, taps the ‘Stop’ button on the LabQuest screen, and turns off the stir motor.
Talent saves the data on the LabQuest to the flash drive and removes the flash drive. (~6 s of footage)
Now, clean and dry the probe, stir bar, and forceps in the same way as before. [1-SPLIT] Pour the reaction mixture into the waste beaker and rinse the inside of the calorimeter before you dispose of the cups. [2-MED-Over shoulder]
[bookmark: _Ref513285244]Split shot of 5.16.2. and 5.17.3. (rinsing the probe and stir bar, respectively)
Talent pours the MgO reaction mixture into the waste and uses the wash bottle to rinse the inside of the calorimeter. (~6 s of footage)
Then, neutralize the acidic Mg waste with baking soda, [1-MED] confirm that the pH is acceptable with pH paper, [2-MED-Over shoulder] and pour it into a container designated for aqueous Mg waste. [3-MED]
[bookmark: _Ref512628408]Talent pours some baking soda into the waste, moves back a little as the waste reacts, and then gently swirls the beaker. (~7-8 s of footage) Also used in 3.5.1. 
[bookmark: _Ref513301997]Talent dips a piece of pH paper in the waste and compares it to the key on the package; the pH is now reasonable for disposal. | Also used in 3.5.1. 
[bookmark: _Ref513302849]Talent pours the waste from the beaker into the large Mg waste container. | Also used in 5.4.2. 
Thoroughly rinse the beaker with deionized water and pour the rinse into the waste. [1-MED] Close the waste container when you are finished. [2-MED]
Talent squirts DIH2O all around the inside of the large beaker, pours the rinse into the aqueous Mg waste container, and then rinses the inside of the beaker again. (~5-6 s of footage)
Talent closes the waste container and carries away the 600-mL beaker.
Then, put away your lab equipment [1-MED] and wash your glassware according to your lab’s standard procedures. [2-WIDE] Neutralize any non-Mg-containing aqueous acidic waste with baking soda [3-MED] before flushing it down the drain. [4-MED]
Talent puts the LabQuest back at a charging station (or other receptacle).
Talent washes the 600-mL beaker with tap water. (~4 s of footage)
Talent adds some baking soda to some leftover acid/acidic rinse in the 150-mL beaker and moves back a little as the acid and base react.
Talent pours the neutralized waste from the 150-mL beaker down the drain with running tap water and then begins to wash the 150-mL beaker in the tap water.
Discard the weighing boats, emery paper, and cups appropriately for your lab. [1-MED] Lastly, clean up spilled materials in your fume hood [2-MED-Over shoulder] and throw out used paper towels and other trash. [3-WIDE]
Talent puts the weighing boats (from the Mg ribbon pieces and the MgO), emery paper, and cups in the lab trash. (~4-5 s of footage)
Talent wipes the floor of the fume hood with a damp paper towel.
Talent gathers up the used paper towels and pH paper and carries them away towards the trash.
7. Results
Note to videographer: This section does not require additional filming.
First, plot your three sets of data with temperature on the y-axis and time on the x-axis. [1] Now, let’s find the changes in temperature that you need for your calculations, starting with your calibration data. [2] You measured the initial hot and cold temperatures directly, [3] so you only need to find Tfinal (T-final), which is the peak stable temperature after the water mixed. [4] Fill in the initial and final values and solve to get ΔThot (delta-T-hot) and ΔTcold (delta-T-cold). [5]
See storyboard. 
[bookmark: _Hlk511489220]Next, let’s look at the data from your reactions. [1] As with the calibration data, Tfinal for each reaction is the peak temperature. [2] Tinitial (T-initial) is the stable temperature before each reaction began. [3] Fill in these values and solve to get ΔT (delta-T) for each reaction. [4]
See storyboard.
Since ΔT is a temperature difference and °C and K (kelvins (kel-vinz /ˈkɛl vənz/)) have the same interval, you can just change the units to K. [1] Now, let’s calculate the heat capacity of your calorimeter and the changes in internal energy of the reactions. [2-SPLIT]
See storyboard.
[bookmark: _Ref512619316]Split shot of 4.15.2. and 6.7.1. (talent placing the probe in the closed calorimeter and a view of the MgO and HCl stirring in the calorimeter)
For these calculations, let’s assume that the pressure was constant, the volume of the solution barely changed as it heated, and that there was no transfer of energy between the solution and its surroundings. [1] Under these assumptions, the enthalpy (en-thl-pee /ˈɛn thəlˌpiː/) change is equal to the heat, which in turn is approximately equal to the change in internal energy. [2]
See storyboard.
[bookmark: _Ref513302504]First, let’s calculate the heat capacity of your calorimeter. [1] Start by filling in the masses of the hot and cold portions of water from the first part of the lab. [2] Now, fill in the ΔThot and ΔTcold values that you calculated from your calibration data. [3] Fill in the specific heat capacity of water at ambient pressure and solve to get the heat capacity of your calorimeter. [4]
[bookmark: _Ref512521060]See storyboard. | Uses clips from 4.19.2. 
Next, let’s calculate the internal energy of the first reaction that you performed. [1] First, determine the mass of your solution by adding together the masses of your reactants. [2] ΔT comes from your graph. [3] You know the heat capacity of your calorimeter, and the specific heat capacity of 2 M HCl is about 3.98 J K-1 g-1 (joules per kelvin-gram (jools /ʤuːls/)). [4]
[bookmark: _Ref512702978]See storyboard. | Uses clips from 5.13.1. and 5.13.3. 
Fill in these values and solve to find the internal energy, and thus the approximate enthalpy, of this reaction. [1] Use the same process to estimate the enthalpy of the second reaction. [2]
See storyboard.
Next, for each reaction, identify the limiting reagent and calculate the theoretical yield in moles. [1] Based on this, scale the enthalpies (en-thl-pees /ˈɛn thəlˌpiːs/) for a yield of 1 mol. [2]
See storyboard.
Now, calculate the enthalpy of formation of MgO using these values and the known enthalpy of formation of H₂O (H-two-O). [1] Note that your second reaction must be reversed for these three reactions to “add up” to the formation of MgO, so you’ll use the negative enthalpy of the forward reaction. [2] Finally, calculate the percent error between your calculated value and the known enthalpy of formation of MgO. [3]
See storyboard.
