			FILMING SCRIPT

Scriptwriter Name: Amy Manocchi
Lab Manual: Chem 101
Lab: Acid and Base Concentration 

Video A: Instructor’s Guide to Setup – (Titration of Phosphoric Acid)

1. List of Materials (assuming a lab group of 10 students)
Student materials:
1% Phenolphthalein- 5 mL
Deionized water
50% NaOH- 25 mL
0.5 M Phosphoric Acid- 25 mL
KHP- 20 g
Stir plate x5
Stir bar x5
pH sensor x5
Drop counter x5
LabQuest 2 x5
50 mL glass burette x5
60 mL plastic burette x5
Ring stand x5
Medium 2-prong clamp x5
100 mL beaker x5
250 mL Erlenmeyer flask x15
100 mL graduated cylinder x5
50 mL graduated cylinder x5
Flash drive x5
Parafilm 
500 mL Polyethylene bottle
1 mL volumetric pipette x2
Pipetter x 2

Instructor materials:
NaOH pellets: 30g
Phosphoric acid: 1 mL
Phenolphthalein: 0.1 g
Powder funnel
125-mL Erlenmeyer flask
25-mL volumetric flask
25-mL graduated cylinder
1-mL volumetric pipette 
5-mL volumetric pipette
Bulb
125-mL Polyethylene bottle x2 
Dropper bottle
Glass container with lid
Stir plate
Stir bar
Analytical balance
Weigh boats

2. Preparation of Reagents

Disclaimer: Here we show preparation of solution for 10 students. Please adjust quantities as needed. 

2.1. Before starting, wear the appropriate personal protective equipment, including a lab coat, gloves and chemical splash goggles. [1-MED] Be sure to work in a chemical fume hood whenever using high concentrations of acids or bases. [2-WIDE] First, you’ll need to prepare 50% sodium hydroxide by weight. [3] 
2.1.1. Establishing: Talent puts on PPE
2.1.2. Talent gets materials ready in the hood. 
2.1.3. Reuse shot 2.5.3. Add Lower Third: 50% w/w NaOH

2.2. To prepare 25 mL of the final solution, start by weighing 25 g of sodium hydroxide pellets, [1-MED] then pour them into a 125-mL Erlenmeyer flask. [2-CU] Using a 25-mL graduated cylinder, measure 25 mL of deionized water, [3-MED] and add it to the Erlenmeyer flask. [4-MED over the shoulder] 
2.2.1. Talent takes NaOH to the balance, and weighs 25g. We should see the balance reading in the shot as the talent weighs the pellets. 
2.2.2. Talent pours the pellets into a 100-ml flask. 
2.2.3. Talent measures 25 mL water using 25-mL graduated cylinder. 
2.2.4. Talent pours the water into the flask. 

2.3. Then, place a magnetic stir bar in the flask, and set the flask on the stir plate. [1-MED] Turn on the stir setting, and allow the solution to mix [2-MED-over the shoulder] until it appears homogeneous. [3-CU]
2.3.1. Talent places stir bar in the flask, then puts it on the stir plate. 
2.3.2. Talent turns the stirring on, and the solution mixes
2.3.3. Solution appearing homogeneous (it is still mixing)

2.4. Then, turn the stir setting off, [1-MED over the shoulder] and cover the neck of the flask with parafilm. [2-CU] Since the solution produces heat, allow it to cool to room temperature before handling it. [3-MED] Once cooled, [4-MED] obtain a polyethylene bottle and label it 50% by weight sodium hydroxide. [5-CU]
2.4.1. Talent turns off the stirring
2.4.2. Talent covers the flask with parafilm. 
2.4.3. Talent feels the outside of the flask, and then leaves it to cool
2.4.4. Talent comes back and feels the outside of the flask. 
2.4.5. Talent picks up PE bottle and labels it “50% w/w NaOH”

2.5. Then, place a powder funnel in the bottle, and pour the solution into it. [1-MED] Cap the bottle [2-CU] and store the solution in the proper corrosives cabinet until the lab session. [3-CU] [4-WIDE]
2.5.1. Talent places funnel in the bottle, removes the parafilm from the flask and pours the solution in. 
2.5.2. Talent caps the bottle
2.5.3.  Still shot of the bottle, clearly labeled.  This will be used as a title slide in 2.2.3
2.5.4. Talent stores the solution in the proper cabinet. 

2.6. Next, we will prepare the 0.5 Molar solution of phosphoric acid. [1] For this, you will need stock phosphoric acid, with a concentration of 14.8 M. [2-MED] To prepare 25 mL of solution, use a 1 mL glass volumetric pipette and bulb [3-MED over the shoulder] to measure 0.85 mL of stock phosphoric acid. Add it to a 25-mL volumetric flask. [4-MED], and fill the flask with deionized water to the volume marking. [5-CU]
2.6.1. Reuse shot 2.8.2. Add lower third: 0.5M H3PO4
2.6.2. Talent gets the stock phosphoric acid and places it in the hood. 
2.6.3. Talent gets a glass pipette and bulb 
2.6.4. Talent measures 0.85 mL phosphoric acid, then adds it to a 25-mL volumetric flask. 
2.6.5. Talent fills the flask with DI water to the marking on the neck. We should see the meniscus reach the mark. 

2.7. Add a stir bar and set the flask on a stir plate. [1-MED] Stir the solution until it is homogeneous. [2-CU] Then, turn the stir setting off [3-MED-over the shoulder] and label a 125-mL polyethylene bottle as 0.5 M phosphoric acid. [4-MED] 
2.7.1. Talent places stir bar in flask, and sets it on the stir plate
2.7.2. Talent turns on the stirring and allows it to stir. Solution turns homogeneous. 
2.7.3. Talent turns off the stirring, 
2.7.4. Talent labels a PE bottle as 0.5 M H3PO4

2.8. Using a powder funnel, transfer the solution to the bottle, and cap it. [1-MED-over the shoulder] [2-CU] Store the solution in the proper corrosives cabinet until the lab session. [3-WIDE]
2.8.1. Talent places funnel in the bottle, and pours the solution into the PE bottle. Talent caps the bottle. 
2.8.2. Still shot of labeled bottle of solution. This will be used as a title slide in 2.6.1.
2.8.3. Talent stores the solution in the proper cabinet. 

2.9. Now, let’s prepare the 1% phenolphthalein needed for the experiment. [1] To prepare 5 mL of solution, weigh 0.05 g of phenolphthalein on an analytical balance, [2-CU] and then measure 2.5 mL of ethanol using a 5-mL volumetric pipette. [3-MED] Transfer the ethanol to an Erlenmeyer flask, [4-MED-over the shoulder] and then add the phenolphthalein. [5-CU] 
2.9.1. Reuse shot: 2.11.6 Add lower third: 1% phenolphthalein 
2.9.2. Talent weighs 0.05 g phenolphthalein. 
2.9.3. Talent uses a 5-mL glass pipette to measure 2.5 mL EtOH
2.9.4. Talent transfers the EtOH into an Erlenmeyer flask
2.9.5. Talent adds the phenolphthalein to the flask. 

2.10. Using a pipette, rinse the weigh boat with some of the ethanol. [1-MED] Then, place a stir bar in the solution, and set the flask on the stir plate. [2-MED over the shoulder] Turn the stir setting on, and mix until the phenolphthalein dissolves and the solution appears homogeneous. [3-CU] 
2.10.1. Talent uses a pipette to suck up some of the EtOH solution and rinse the weigh boat into the flask. 
2.10.2. Talent places stir bar in the solution, and sets it on the stir plate
2.10.3. Talent turns the stir setting on and mixes the solution. We should see the solution become homogeneous. 

2.11. Then, turn the stir setting off, [1-MED] and measure 2.5 mL of deionized water using a 5-mL volumetric pipette. [2-MED over the shoulder] Add the water to the solution, then turn the stir function back on. [3-MED] Stir the solution until it appears homogeneous[4-CU] , and then transfer the solution to a labeled dropper bottle. [5-MED] [6-CU]
2.11.1. Talent turns the stir setting off and leaves the flask on the stir plate. 
2.11.2. Talent measures 2.5 mL H2O using a volumetric pipette
2.11.3. Talent adds the water to the flask then turns the stirring back on
2.11.4. Talent lets the solution stirs until it looks homogeneous. 
2.11.5. Talent transfers the solution into a labeled dropper bottle. Label should be visible in shot and should be “1% Phenolphthalein”
2.11.6. Still shot of the solution in the labeled dropper bottle. This will be used as the title frame in 2.9.1

2.12. Lastly, let’s prepare the dry potassium hydrogen phthalate, or KHP. [1] Pour approximately 20 g of stock KHP into a glass container with a lid [2-MED] and then place it in an oven uncovered to dry at 125 degrees Fahrenheit overnight. [3-WIDE]
2.12.1. Reuse shot 2.13.1. Add lower third: KHP
2.12.2. Talent puts glass container on balance, tares it and pours about 20 g into it. 
2.12.3. Talent places container in oven with lid off.

2.13. After the KHP is dry, remove it from the oven, cover the container and label it. [1-MED over the shoulder] Then, set it by the balance to cool to room temperature, [2-MED] [3] along with a clean and dry spatula, several weigh boats, and a 150-mL beaker labeled “excess.” [4-MED over the shoulder]
2.13.1. Talent opens the oven and removes the KHP, then Talent covers the container and labels it and sets it on the benchtop to cool. 
2.13.2. Talent sets the container next to the balance
2.13.3. Still shot of dried KHP in labeled container. This shot will be used as the title frame in 2.12.1.
2.13.4. Talent places spatula, weigh boats, and beaker labeled “excess” next to the balance. Read script aloud to time with VO. 

3. Set up 

3.1. Now let’s get the equipment set up at each lab station. [1-WIDE] First, each lab group will need glassware; including a 50-mL glass burette, a 60-mL plastic burette with a 2-valve system, three 250 mL Erlenmeyer flasks, a 10 and 50-ml graduated cylinder, a 100, 250 and 400 mL beaker, and a glass stirring rod. [2-MED]
3.1.1. Talent picks up a big tray with all of the materials needed for the lab, and carries it to a student station
3.1.2. Talent sets the glassware out in order listed in script. Read aloud to time with VO

3.2. The lab groups will also need a ring stand, a medium 2-prong clamp, a burette clamp, a P-1000 pipette with 10-15 tips, paraffin film, and a 500-mL polyethylene bottle with a cap. [1-MED] Finally, the students will need a drop counter, pH sensor probe, stir plate and stir bar, [2-MED] along with a data acquisition system and flash drive. [3-MED]
3.2.1. Talent sets out materials listed in order. Read aloud to time with VO. 
3.2.2. Talent sets out materials listed in order. Read aloud to time with VO. 
3.2.3. Talent sets out materials listed in order. Read aloud to time with VO. 



Video B: Student Laboratory Exercise – (Titration of Phosphoric Acid)

4. Preparation of ~0.1M NaOH

4.1. To begin the experiment, you will need to prepare approximately 0.1 M sodium hydroxide using 50% w/w (read: 50 weight percent) sodium hydroxide. [1] So, how much 50% w/w sodium hydroxide do you need in order to prepare 500 mL of the 0.1 M solution? [2] The 50% w/w sodium hydroxide is indicative of its weight ratio, so if the instructor prepared 150 mL of solution, then 150 g of sodium hydroxide was dissolved in 150 g of water, and the total weight is 300 g. [3]
4.1.1. See storyboard. 

4.2. Since the density of the solution is 1.53 g/mL, you can calculate the volume “V” in liters. And since we know the molar mass of sodium hydroxide is 39.998 g/mol, you can solve for moles “X” of NaOH present in the solution. Using these two values, you can calculate the molarity “M1” (read: M one) of the solution. [1] Now you can use the formula M1 V1 equals M2 V2, to solve for the volume “V1” needed of the “M1” NaOH solution needed to make 500 mL…V2….of 0.1 M sodium hydroxide… M2. You need to know the value of V1 before you start the experiment. [2] Deleted the first “needed”
4.2.1. Storyboard

Disclaimer: Pause the video here to calculate the volume of the given solution needed to prepare 0.1M NaOH.

4.3. Begin by putting on the appropriate personal protective equipment, including gloves, chemical splash goggles and lab coats, which must be worn at all times. (1-WIDE) Now, label a 500-mL polyethylene bottle with cap as approximately 0.1M sodium hydroxide. (2-MED-TEXT)
4.3.1. Establishing: Students walk into the lab and put on the PPE in order listed. 
4.3.2. Student labels PE bottle with “~0.1M NaOH”

4.4. Then, attach a pipette tip to a 1-mL pipette, measure the calculated volume of 50% sodium hydroxide, [1-MED] and transfer it to the polyethylene bottle. [2-MED over the shoulder] Now, use a 100-mL graduated cylinder to measure the amount of water. You will need 500 mL minus the calculated volume of sodium hydroxide; so, 497.4 mL. [3-MED] Measure 97.4 mL of water, and pour it into the bottle containing the sodium hydroxide. [4-MED over the shoulder] 
4.4.1. Student attaches tip to 1-mL pipette and measures 2.6 mL of 50% NaOH.  
4.4.2. Student dispenses the NaOH in the PE bottle
4.4.3. Student gets the 100-mL graduated cylinder and calculates how much water they will need. On calculator or notebook, show “500-2.6= 497.4” 
4.4.4. Student measures 97.4 mL of water, and pours it into the bottle. 

4.5. Then, measure the remaining four volumes of 100 mL, and add them to the bottle. [1-MED] Once all the water has been added, cap the bottle tightly, and invert the bottle back and forth several times to mix. [2-MED]
4.5.1. Student measures another 100 mL of water and pours it into the bottle. 
4.5.2. Talent caps the bottle tightly and then mixes it by inverting several times

5. Standardization of 0.1M NaOH

5.1. Now that the sodium hydroxide has been prepared, we will determine its exact concentration, or standardize it, using the acid-base titration method. [1] In this technique, a base, like sodium hydroxide, is slowly added to an acid, like potassium hydrogen phthalate, or KPH KHP. [2] The chemical reaction that takes place in the flask is a neutralization reaction.  Here, one mole of base neutralizes one mole of acid, resulting in salt and water [3] 
5.1.1. See storyboard. 

5.2. This reaction is done in the presence of the indicator phenolphthalein, [1] which is colorless at the start, when the pH is acidic, [2] but turns pink as soon as you add enough NaOH to the flask to make the pH basic. [3] To understand the science behind it, see the concepts video of this lab.  [4]
5.2.1. Reuse shot: 5.5.2 (talent adds drops to beaker) TEXT: phenolphthalein
5.2.2. Reuse shot: 5.8.4_take 3 (drops added to beaker. Liquid colorless)
5.2.3. Reuse shot: 5.8.4_take 3 (drop added to beaker, solution turns pink) 
5.2.4. Pause at the last frame of the previous shot and add a live link to the concepts video. 

5.3. To begin, label the three Erlenmeyer flasks as A, B and C. [1-MED] Then, use the weigh boats and an analytical balance, [2-MED over the shoulder] to weigh 0.5-0.7 g of KPH KHP.  Write down the weight, [3-CU-TEXT] and pour it into flask A. [4-MED] Weigh KPH  KHP for each of the other two flasks, doing your best to measure the same mass of KPH  KHP as flask A. [5-MED-TEXT]
5.3.1. Talent obtains three flasks, and labels them A, B, C
5.3.2. Talent places weigh boat on analytical balance
5.3.3. Talent weighs 0.5-0.7 g KPH, writes down the weight in a notebook (TEXT: 0.5-0.7 g KPH)
5.3.4. Talent pours KPH into flask A. 
5.3.5. Talent weighs another 0.5-0.7 g KPH with a fresh weigh boat, writes down the weight in the notebook and pours it into flask B. (TEXT: Record the exact amount of KHP added to each flask)

5.4. Now, measure 50 mL of deionized water, [1-MED-over the shoulder-TEXT] and pour it into flask A. [2-CU] Stir the solution with a glass stirring rod [3-MED] until the mixture appears homogeneous. [4-CU] Repeat this for flasks B and C. [5-MED]
5.4.1. Talent takes a 50-mL graduated cylinder and measures 50 mL water. (TEXT: 50 mL H2O)
5.4.2. Talent pours the water into flask A 
5.4.3. Talent stirs the solution with a glass stirring rod. 
5.4.4. Solution looks homogeneous. 
5.4.5. Talent pours 50 mL water into flask B, and then stirs it with the stirring rod. 

5.5. Next, obtain the 1% phenolphthalein drop bottle from your instructor, [1-MED-TEXT] and add two drops to each of the three flasks. [2-CU] Now, set up the titration apparatus by first attaching the burette clamp to the ring stand. [3-MED] Then, securely clamp the 50-mL glass burette to the burette clamp.  [4-MED over the shoulder]
5.5.1.  Talent walks back to the benchtop carrying the drop bottle. (TEXT: 1% phenolphthalein)
5.5.2. Talent adds two drops to each flask. (TEXT: 2-3 drops)
5.5.3. Talent sets ring stand on the bench, and then clamps the burette clamp in place
5.5.4. Talent clamps the glass burette to the clamp. 

5.6. Make sure the valve of the burette is in the off position, which is positioned perpendicular to the burette. [1-CU-TEXT] Then label a 400-ml beaker as “waste” and place it under the burette. [2-MED] Rinse the burette by pouring about 5 mL of 0.1 M sodium hydroxide into the burette [3-MED over the shoulder]. Open the burette valve to let all of the liquid flow into the beaker. [4-CU]
5.6.1. Talent adjusts the valve so that it is closed (TEXT: Off position perpendicular to burette)
5.6.2. Talent labels a beaker as “waste” and then places it under the burette. 
5.6.3. Talent pours about 5 mL of NaOH into the burette
5.6.4. Talent opens burette valve to let NaOH flow out into the waste beaker. 

5.7. Now, close the valve again, and fill the burette with a little more than 50 mL of the sodium hydroxide. [1-MED-TEXT] Open the valve of the burette to release any air bubbles present in the tip of the burette, [2-CU] then close the valve again and record the starting volume of sodium hydroxide. [3-MED]
5.7.1. Talent closes the valve, then pours NaOH into the burette past the 50-mL line. (TEXT: <50 mL NaOH)
5.7.2. Bubbles in the tip of the burette.  Then talent opens the valve and releases the bubbles, then closes the valve.
5.7.3. Talent looks at the level in the burette, and writes down the volume. 

5.8. Place flask A below the tip of the burette. [1-MED] Titrate the solution with 1 mL volumes of sodium hydroxide [2-MED over the shoulder] swirling the solution after each addition. [3-MED] Add 1 mL volumes until the first permanent pink color is present. This is considered the endpoint. [4-CU] 
5.8.1. Talent places flask A below the tip of the burette. 
5.8.2. Talent opens the valve to allow 1 mL of NaOH into the flask, then closes the valve. 
5.8.3. Talent stirs the solution with stirring rod
5.8.4. Talent adds another 1 mL volume and stirs, then another and stirs. The solution should turn permanently pink here. (Plan ahead for filming, so that the titration is almost at the end point when starting this shot) 

5.9. Record the volume of 0.1M sodium hydroxide added to achieve the end point. [1-MED over the shoulder] Now, repeat the titration for flasks B and C. [2-MED] You’ll use this information later to calculate the actual concentration of NaOH. [3-MED]
5.9.1. Talent records the volume of NaOH used.
5.9.2. Talent pours more NaOH in the burette, and replaces flask A with flask B. 
5.9.3. Talent continues titration. 

6. Titration of Phosphoric Acid

6.1. In this experiment, we will determine two of the three pKa values for the triprotic acid, phosphoric acid, using acid-base titration. To understand these terms, review the concepts behind this lab [1] The reaction that’s taking place in this experiment is again a neutralization reaction. Here, phosphoric acid reacts with the sodium hydroxide to form water and the salt sodium phosphate. [2]
6.1.1. See storyboard. 

6.2. First, let’s take a look at how the experiment is setup. The equipment should look like this, with a two-valve burette clamped above the drop counter. [1] The burette and the drop counter allow us to measure the exact volume of liquid dispensed into the beaker below. [2] The pH meter measures the pH as drops of the base are added to the acid in the beaker. [3] The data is recorded automatically so that we can plot the pH vs volume of base added, called the titration curve. [4]
6.2.1. Use shot: 6.17.3 (Wide shot of fully assembled apparatus)
6.2.2. Use shot: 6.17.4 (Close up shot of burette and drop counter)
6.2.3. Use shot: 6.17.5 (Close up shot of pH meter with probe in a beaker)
6.2.4. Use shot: 6.19.5 (Close up shot of data on LabQuest)

6.3. To set up the experiment, clamp the drop counter to the ring stand [2-MED] with the burette clamp above it. [3-MED over the shoulder] Now, clamp the plastic burette to the clamp so that the tip of the burette is just above the drop counter. [4-MED]
6.3.1. Talent removes the burette from the ring stand. 
6.3.2. Talent clamps the drop counter on the ring stand beneath the burette clamp.
6.3.3. Talent slides the burette clamp a bit higher on the ring stand.  
6.3.4. Talent clamps the burette to the clamp so the tip is above the drop counter. 

6.4. Connect the drop counter to the data acquisition system. [1-MED], and make sure the two valves of the plastic burette are both in the closed position, which is perpendicular to the burette. [2-CU] 
6.4.1. Talent connects the drop counter to the DIG1 port of LabQuest
6.4.2. Talent closes the two valves so they are both closed. 

6.5. Place the waste container below the burette [1-MED], and pour a few mLs of 0.1M sodium hydroxide into the burette. [2-MED] Then, open both of the valves to rinse the sodium hydroxide into the waste beaker. [3-MED]
6.5.1. Talent places waste container below the burette
6.5.2. Talent pours a few mL of NaOH in the burette. 
6.5.3. Talent opens the valves on the burette. We should also see the liquid rinse the into the beaker. 

6.6. Now, close the valves again, and fill the plastic burette with 25 mL of the 0.1M sodium hydroxide. [1-MED-TEXT] Drain about 5 mL of the sodium hydroxide into the waste beaker so that the liquid fills the tip and no air bubbles are present. [2-CU] Don’t forget to close the valve again. [3-CU] 
6.6.1. Talent closes the valves and fills the burette with 25 mL 0.1M NaOH (TEXT: 25 mL 0.1M NaOH)
6.6.2. Talent drains 5 mL NaOH into the waste beaker. We should see the bubble in the tip go away. 
6.6.3. Talent closes the valve. 

6.6.B Before we perform the titration, we need to calibrate the drop counter. Turn on the 
          data acquisition system, and select the drop count setting. [1-MED/CU] 
6.6.5 Talent turns LabQuest on and screen powers up (Add lower third: Calibrate drop counter). Talent selects drop count. 

6.7. Select calibrate, followed by the automatic option. [1-CU] Now, replace the waste beaker beneath the burette with a 10-mL graduated cylinder. [2-MED] Open the bottom valve of the burette, while keeping the top valve closed. [3-CU] Select ‘Calibrate Now’ on the data acquisition system. [4-CU]
6.7.1. Talent selects calibrate and automatic on the LabQuest 2 screen. 
6.7.2. Talent replaces waste beaker with graduated cylinder. 
6.7.3. Talent opens bottom valve of the burette only. Top valve is closed. 
6.7.4. Talent selects the start button on LabQuest 2 screen.

6.8. Slowly open the top valve so that the drops are released very slowly, ideally at one drop every two seconds. [1-MED] The drop count data should begin displaying on the screen. [2-CU] Allow the drops to empty from the burette [3-CU/MED] until there is 9-10 mL of 0.1M sodium hydroxide in the graduated cylinder. [4-MED]
6.8.1. Talent slowly opens the top valve, so drops are released very slowly. 
6.8.2. LabQuest 2 screen displaying drop count. 
6.8.3. Drops fall into graduated cylinder 
6.8.4. Volume in graduated cylinder is about 9-10 mL

6.9. Now, close the bottom valve, and leave the top valve as is. [1-MED] Read the volume of sodium hydroxide in the graduated cylinder to the first decimal place [2-CU] and enter this value in the edit box on the data acquisition system. [3-CU]
6.9.1. Talent closes bottom valve only on burette. 
6.9.2. Level of liquid in the graduated cylinder
6.9.3. Talent enters the volume into the edit box on LabQuest screen. 

6.10. Record the drops per mL value displayed on the screen in your lab notebook. [1-MED] Then,  discard the sodium hydroxide in the graduated cylinder into the aqueous waste beaker. [3-MED] 
6.10.1. Talent records drops per mL in lab notebook
6.10.2. Talent selects ok in LabQuest
6.10.3. Talent pours contents of graduated cylinder into the waste beaker. 

6.11. Now, let’s calibrate the pH sensor before starting the titration. [1-MED] First, connect the pH sensor to the data acquisition system. [2-MED] Then, tap the screen bringing up a list of options. Select calibrate from the list. [3-CU]
6.11.1. Talent moves pH sensor closer to apparatus. (Add lower third: Calibrate pH sensor) 
6.11.2. Talent connects pH sensor to LabQuest via CH1 port. 
6.11.3. Talent taps screen of LabQuest and brings up options, then selects calibrate. 

6.12. We’ll first calibrate the pH probe using the pH 7 buffer. [1-CU] First, rinse the bulb of the pH sensor with deionized water. [2-MED] Then, insert the pH sensor into the pH 7 buffer, [3-MED] and leave the sensor in the vial until the voltage on the screen stabilizes. Then, select keep. [4-CU]
6.12.1. Close up of pH 7 buffer vial. Label visible and legible. 
6.12.2. Talent rinses probe with DI water, with waste falling into aqueous waste beaker
6.12.3. Talent inserts sensor into pH 7 buffer. 
6.12.4. The voltage on the screen fluctuates, then stabilizes. Talent selects keep. 

6.13. The option to use a second pH will appear, [1-CU] so select the pH 10 buffer vial next. [2-CU] Now rinse the bulb of the pH probe with deionized water, [3-MED/CU] and insert it into the pH 10 vial. [4-MED] Allow the voltage to stabilize, then select keep. [5-CU]
6.13.1. Option to record a second pH pops up on the screen of the LabQuest. 
6.13.2. Close up of the pH 10 buffer vial with label legible. 
6.13.3. Talent rinses pH probe with DI water
6.13.4. Talent inserts pH probe into pH 10 vial
6.13.5. Talent lets voltage stabilize, then selects keep. 

6.14. Now, rinse the bulb of the pH sensor again, [1-MED- over the shoulder] and slide it through the designated slot in the drop counter. [2-MED] Adjust the heights of each component on the ring stand as needed. [4-MED] 
6.14.1. Talent rinses pH probe. 
6.14.2. Talent slides probe through slot in the drop counter.  
6.14.3. Talent places stir plate at base of ring stand. There should be a space between the stir plate and pH bulb. 
6.14.4. Talent adjusts the height of the burette and drop counter to give the stir bar more room. 

6.15. Now that the equipment is set up and calibrated, let’s start the titration of phosphoric acid. [1-WIDE] First, measure 40 mL of deionized water using the 50-mL graduated cylinder, [2-MED-TEXT] and pour it into a clean 100-mL beaker. [3-MED] 
6.15.1. Talent moves excess materials out of the way and gets ready for the next experiment. (Add lower third: Titration of phosphoric acid)
6.15.2. Talent measures 40 mL of DI water in 50-mL graduated cylinder (TEXT: 40 mL H2O)
6.15.3. Talent pours the DI water into the beaker. 

6.16. Then, obtain 0.5M phosphoric acid from your instructor. [1-MED-over the shoulder-TEXT] Adjust the P1000 pipette to the 1 mL setting, [2-CU] attach a P1000 tip to the end, and take up 1 mL of phosphoric acid. [3-MED-TEXT] Dispense the phosphoric acid into the beaker of water. [4-MED] 
6.16.1. Talent carries bottle of phosphoric acid to the workspace (TEXT: 0.5M H3PO4)
6.16.2. Talent adjusts pipette to 1 mL setting. Show numbers turning in shot. 
6.16.3. Talent attaches pipette tip, then takes up 1 mL phosphoric acid (TEXT: 1 mL)
6.16.4. Talent dispenses acid into the beaker of water

6.17. Now, place the beaker on the stir plate, under the drop counter. Lift the pH sensor slightly if needed. [1-MED] Then, carefully slide the pH sensor into the beaker. [2-CU] (Extra shots: [3-WIDE] [4-CU] [5-CU]) Add a stir bar to the beaker, and turn the stir setting on to high. [6-MED]
6.17.1. Talent places the beaker on the stir plate, and adjusts the pH sensor as needed. 
6.17.2. Talent places pH meter in beaker
6.17.3. Shot of full setup with all equipment visible in the shot. (use in introductory section 6.2.1)
6.17.4. Close up still shot of the drop counter and burette tip. (use in introductory section 6.2.2.)
6.17.5. Close up still shot of the pH probe through the drop counter slot, with the probe in the beaker of liquid. (use in introductory section 6.2.3.)
6.17.6. Talent adds stir bar, then turns on stir setting

6.18. Select “play” on the data acquisition system. [1-CU] Then open the bottom valve on the burette, and allow drops to release at a rate of one drop per two seconds. [2-CU] Once the first drop is released, check the data table to make sure that the data are being recorded. [3-MED-over the shoulder]
6.18.1. Talent selects collect on the LabQuest screen.
6.18.2. Talent opens bottom valve and lets drops fall into beaker.
6.18.3. Talent checks the LabQuest table- point to screen to show data is collected. 

6.19. Continue the titration until the pH meter reads pH 12. [1-MED-TEXT][4-Med] Then, select the stop setting on the data acquisition system and close the valve on the burette. [5-MED over the shoulder] Save your data on a flash drive to analyze later. [6-MED]
6.19.1. Talent continues to run the titration. (TEXT: Titrate until pH 12) 
6.19.2. Solution starts to turn a semi-permanent pink color for first equivalence point- we want to see this in the shot. Talent writes down the volume of NaOH when this happens. 
6.19.3. Solution turns semi-permanent pink at second equivalence point. 
6.19.4. Talent checks the LabQuest screen and points to the pH showing it has reached 12. 
6.19.5. Talent selects stop on LabQuest screen, and closes the valve on the burette. 
6.19.6. Talent saves data on flash drive. 

6.20. Now let’s clean up our work space. Check the pH of all of your waste solutions using pH paper.  [1-MED] Neutralize all acidic aqueous waste with baking soda, and all basic waste with citric acid. [2-MED-TEXT] Add enough of either baking soda or citric acid to the solution until it stops bubbling. [3-CU] Then, check the pH to make sure it is neutral. [4-MED] If it is, flush it down the sink with copious amounts of water. [5-MED over the shoulder]
6.20.1. Talent collects beakers/flasks of waste solutions in one place. Talent then checks pH of solutions with pH paper. 
6.20.2. Talent neutralizes either a basic or acidic solution (doesn’t matter which) (TEXT: Neutralize acidic solutions with baking soda. Neutralize basic solutions with citric acid)
6.20.3. Talent adds more neutralizing agent, swirls it around, adding more until it stops bubbling. 
6.20.4. Talent checks pH of solution. 
6.20.5. Talent flushes solution down the sink with a lot of water.

7. Results

7.1. [bookmark: _GoBack]Now let’s take a look at how to analyze our results. First, we standardized the sodium hydroxide solution using KPH KHP. [1-TEXT]
7.1.1. reuse shot 5.8.4. (TEXT: Standardizing NaOH)

7.2. The molar mass of KHP is 204.23 g/mol, thus the moles of KHP used can be calculated as shown. [1] Now, we can solve for the moles of sodium hydroxide added, since the moles of KHP and sodium hydroxide are equal when the solution is neutralized. [2] Then we can solve for molarity as shown. [3] Repeat the calculation for each of the three solutions and report the standard deviation. You can see that the actual concentration is lower than the 0.1 M anticipated, which is due to the hygroscopic nature of the solution.  [4]
7.2.1. See storyboard. 

7.3. Now, let’s examine the results for the phosphoric acid titration. [1-TEXT] 
7.3.1. Reuse shot: 6.19.1/6.19.5. (TEXT: Phosphoric acid titration)

7.4. First, a titration curve is a recording of the pH of a solution, which is dependent on the volume of base added to the solution, and can be used to determine pKa values. [1] The equivalence point, which represents the moles of base equaling the moles of acid, is determined by the inflection point in this graph. [2] The volume of base used at the halfway point between each equivalence point corresponds to a specific pH of the solution. [3] This pH value is equal to the pKa. The sample shown here has only one pKa. [4]
7.4.1. See storyboard

7.5. Phosphoric acid is a week acid, and is triprotic, meaning that it has the potential of providing three protons per molecule when it dissociates in aqueous solutions. [1] Thus, it has three pKa values; one for when each proton is dissociated. [2]
7.5.1. See storyboard. 

7.6. When we look at our data, we see multiple rises, thus there are multiple equivalence points. The first equivalence point is found in the middle of the first rise. This corresponds to one of the Ka’s of the acid. [1] The second equivalence point is found in the middle of the second rise and corresponds to the second Ka. [2] We stopped at pH 12, so we only measured two of the three Ka values. [3]
7.6.1. See storyboard. 

7.7. To calculate the equivalence points more accurately, plot the first derivative of the titration curve. [1] The equivalence points are represented by the curve maximums. [2]
7.7.1. See storyboard

7.8. Now, take the volume of sodium hydroxide corresponding to the first equivalence point, and divide it by 2. [1] This is the volume of sodium hydroxide corresponding to the halfway point. [2] Look up the pH at this volume from your table of data.  This corresponds to the first pKa, which is reported as 2.16. You can see we are quite close. [3] The second pKa value is equal to the pH value at the volume halfway between the first and second equivalence points, which should give a pKa of 7.21. [4]
7.8.1. See storyboard. 

7.9. Finally, let’s determine the exact concentration of the phosphoric acid solution using the balanced reaction equation. [1] First, convert the volume of sodium hydroxide used at the first equivalence point using the actual molarity of sodium hydroxide calculated using standardization. [2] Then solve for moles of phosphoric acid, and convert it to molarity using the volume. [3]
7.9.1.  See storyboard. 



