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Lab: UV-Vis Spectroscopy of Dyes

Notes to authors are in italics and highlighted. 

Video A: Instructor’s Guide to Setup – UV-Vis Spectroscopy of Dyes[endnoteRef:1] [1:  If students will take turns using one UV-vis spectrometer, you may wish to perform the second half of the lab on a separate day, depending on your class size and the scan speed of the spectrometer.] 


1. [bookmark: _Hlk511390330]List of Materials (assuming a lab group of 10 students working individually[footnoteRef:1]) [1:  We recommend that students work individually so that every student gets hands-on experience with preparing and running samples. If students work in pairs, we recommend that lab partners alternate between preparing samples and performing the UV-vis scan.] 

1.1. Laboratory Equipment to be Prepared by Instructor
· Non-halogenated organic waste container
· Hazardous waste label (if container is not pre-labeled)
· Pencil (if container is not pre-labeled)
· Rigid-sided glass waste container
· Calibrated analytical balance
· Micro spatula
· Weighing paper/boats x 10
· UV-Vis single-beam spectrophotometer and associated hardware and software (if students will take turns using one spectrophotometer)[footnoteRef:2] [2:  Please familiarize the students with how to use your spectrophotometer and its associated software before the lab, including any special procedures for background or blank measurements.] 

· [ALTERNATIVE][endnoteRef:2] Handheld data acquisition device x 10 (if students will use handheld spectrophotometers) [2:  If the students will use handheld spectrometers, please see our Chem 101 series for some examples of working with handheld spectrometers.] 

· UV-Vis spectrophotometer attachment x 10
· Refrigerator (optional; for storing dye solutions)[footnoteRef:3] [3:  If you do not have a lab fridge, please prepare the solutions within 24 hours of the lab.] 

· Tubing for compressed air (if compressed air piping is installed in the hoods)

1.2. Labware for Preparation of Dye Solutions
· 50 mL glass volumetric flask with stopper x 13
· 50 mL glass graduated cylinder x 3
· Small glass funnel x 3
· P200 (20-200 µL) micropipette x 1
· Box of P200 micropipette tips x 1 (min. 10 tips)
· P1000 (200-1000 µL) micropipette x 1
· Box of P1000 micropipette tips x 1 (min. 10 tips)
· Roll of plastic paraffin film (min. 20 squares)
· Scissors for cutting the film
· Roll of laboratory tape x 1
· Labeling pen or marker x 1
· Roll of aluminum foil x 1

1.3. Materials for Students and Instructor
A moderate excess for reagents and disposable items is included in these numbers.
· 30 mg β-carotene
· 20 mg fluorescein
· 20 mg indigo dye
· 1000 mL hexane
· 500 mL dimethylformamide (DMF)
· 250 mL acetone
· 2 L deionized or distilled water (if no deionized water dispenser available)
· 1 cm x 1 cm quartz cuvette with cap x 20
· Box of Pasteur pipettes x 2 (min. 250 pipettes)
· Pipette bulb x 5
· Box of laboratory wipes x 2
· 250 mL plastic wash bottle x 2


2. Preparation of Dye Solutions
Disclaimer: Here we show preparation of dye solutions for 10 students working individually, with some excess. Please adjust quantities as needed.
First, put on a lab coat, safety glasses, and nitrile gloves. [1] Some solutions use hexane or dimethylformamide (dy-meth-il-form-uh-mide /daɪˌmɛθ ɪlˈfɔːrm əˌmaɪd/), so prepare those solutions in a fume hood. [2]
[bookmark: _Ref3659925]WIDE: Talent (already wearing a lab coat) puts on safety glasses and then puts on a pair of nitrile gloves. | Also used in 4.5.1. 
MED: Talent places bottles of hexane and DMF in a fume hood.
Now, let’s start by making a 1-millimolar stock solution of fluorescein (fleu-res-ee-in /flʊˈrɛs iː ɪn/) in water. [1] To begin, measure 0.0166 grams of fluorescein [2-TXT] and place it in a 50-milliliter volumetric flask. [3]
[bookmark: _Ref530494890][bookmark: _Ref3660234]Use shot 2.4.2. (‘finished product’ shot of the 1 mM fluorescein flask)
MED: Talent measures 0.0166 g of fluorescein. TEXT: 0.0166 g fluorescein Video Editor: Please wait to show the text overlay until “measure…” in the voice-over.
[bookmark: _Ref6923164]CU: Talent pours the fluorescein into a volumetric flask via a glass funnel. | Also used in 6.1. storyboard.
Add about 30 milliliters of deionized water to the flask, [1] stopper it, and swirl it until the solid dissolves. [2] Then, fill the flask to the line with deionized water. [3]
[bookmark: _Ref530494672]MED: Talent pours ~30 mL of deionized water from a graduated cylinder into the flask via a funnel.
MED/CU: Talent swirls the stoppered flask to dissolve the fluorescein.
CU: A side-on shot of the volumetric flask at the line as the last few drops of water are added to fill the flask to the line.
Stopper the flask, wrap the top in plastic paraffin film, and invert it several times while firmly holding the stopper in place to thoroughly mix the solution. [1][2] Label the flask with the solution’s name and concentration, and wrap it in aluminum foil to protect the dye from light. Label the outside of the foil as well. [3]
MED: Talent wraps the top of the stoppered flask with Parafilm, holds the stopper in place, and inverts the flask several times. Videographer: Please get at least 12-13 seconds of footage for this shot.
[bookmark: _Ref3660216][bookmark: _Ref7438448]CU: A “finished product” shot of the labeled, not-yet-wrapped flask of 1 mM fluorescein, with the label facing the camera. To be used in 2.2.1. and in 6.1. storyboard.
MED: Talent wraps the flask (already labeled) with aluminum foil. (If wrapping the flask with foil takes < 10 seconds, please also start labeling the outside of the foil.) TEXT: 0.001 M fluorescein in H₂O Videographer: Please get at least 13-14 seconds of footage for this shot.
Video Editor: Please show the text overlay during “the solution’s name and concentration” in the voice-over.
Now, we’ll make a 3-micromolar fluorescein test solution from the stock solution. [1] First, use a micropipette to transfer 150 microliters of the stock solution to a clean 50-milliliter volumetric flask. [2]
[bookmark: _Ref3660299]Use shot 2.6.4. (a “finished product” shot of the 3 µM fluorescein solution)
MED/CU: Talent draws up 150 µL of the stock solution with a micropipette and dispenses it into another 50 mL volumetric flask.
Add about 30 milliliters of deionized water and swirl the flask to mix them. [1] Fill the flask to the line with deionized water, [2] stopper and seal it, and invert the flask several times until the solution is well-mixed. [3][4]
MED: Talent pours about 30 mL of water from a graduated cylinder into the flask via a funnel and swirls the flask.
MED/CU: Talent adds the last few drops of water to the flask.
MED: With the flask now stoppered and sealed with Parafilm, talent holds the stopper in place and inverts the flask several times.
[bookmark: _Ref3660286]CU: A “finished product” shot of the not-yet-wrapped, labeled flask of 3 µM fluorescein, with the label facing the camera. To be used in 2.5.1. 
Label the flask with the solution’s name and concentration, wrap it in foil, and label the outside of the foil as well. [1-TXT]
MED: Talent finishes wrapping the flask in foil (e.g., patting down the last bit of foil to keep it in place) and labels the outside of the foil. TEXT: 3 µM fluorescein in H₂O Video Editor: Please show the text overlay during “Label…concentration” in the voice-over.
Prepare 1-millimolar stock solutions and 3-micromolar test solutions of indigo in dimethylformamide and beta-carotene (care-uh-teen /ˈkær ə tiːn/) in hexane in the same way. [1] Here are the masses of solid beta-carotene and indigo that you will need to make the stock solutions. [2]
MED/CU: A slight pan over four labeled flasks containing 1 mM indigo in DMF, 3 µM indigo in DMF, 1 mM β-carotene in hexane, and 3 µM β-carotene in hexane. (These solutions can all be prepared ahead of time, and the stock solution flasks do not need to be wrapped in foil.)
See storyboard [showing masses for making stock solutions, a reminder of which solvents to use, and a reminder to use 150 µL for the dilutions]
Then, use the stock solution of beta-carotene to make five more solutions of the concentrations shown here. Wrap the flasks in foil afterwards. [1]
See storyboard [showing concentrations of the five solutions and needed volumes of the stock solution and a reminder to use hexane]
When you’re finished, you’ll have 3-micromolar solutions of fluorescein, beta-carotene, and indigo dye for the first part of the lab [1] and five beta-carotene solutions with different concentrations for the second part of the lab. [2][3]
[bookmark: _Ref3660529][bookmark: _Ref3661457][bookmark: _Ref3661578]CU: A ‘finished product’ shot of the foil-wrapped 3 µM solutions with the labels facing the camera. When spoken, talent points out the fluorescein, β-carotene, and indigo solutions in sequence. (Read script aloud for pacing.) | Also used in 4.7.1., 4.15.2. , and 4.19.1. 
[bookmark: _Ref530497887][bookmark: _Ref3660395]CU: A finished product shot of the five foil-wrapped β-carotene solutions with different concentrations, with the labels facing the camera. (Please put the flasks in increasing order of concentration.) Talent points to each bottle, one by one, in increasing order of concentration. | Also used in 5.1.2. and 5.8.1. 
[bookmark: _Ref3660703]CU: A shot of the three unwrapped 1 mM stock solutions of the three dyes against a light background so that the colors of the solutions are easily seen. To be used in 4.1.2. 
Store the solutions in a refrigerator for now if you have one. If not, store them at room temperature for up to 24 hours. [1]
MED/WIDE: Talent opens a refrigerator, places a foil-wrapped flask of one of the solutions in the refrigerator with several other foil-wrapped flasks, and closes the refrigerator.
3. Preparation of the Laboratory
Now, let’s set up the lab. First, put organic and aqueous waste containers in a fume hood with a glass waste container nearby. [1] Fill a 250-milliliter wash bottle with acetone and place it with the waste containers. [2]
MED/WIDE: Talent places the non-halogenated organic waste container and the aqueous fluorescein waste container in the fume hood.
MED: In the waste hood, talent finishes filling a labeled acetone wash bottle, caps the wash bottle, and sets it next to the organic waste container.
Next, place the dye solutions and containers of hexane and DMF (D-M-F) in the hood. [1] Fill another wash bottle with deionized water and place it with the solvents. [2] Set Pasteur pipettes, several pipette bulbs, and lab wipes nearby. [3] Then, place quartz cuvettes in a central area for the students. [4]
MED: Starting with most of the dye solutions and the containers of hexane and DMF in the hood, talent places the last two dye solutions in the hood and then separates the dye solutions into two groups depending on when they are used in the lab.
MED: Talent places a filled, labeled squeeze bottle of water with the hexane and DMF.
MED: Talent places a box of Pasteur pipettes, some pipette bulbs, and a box of Kimwipes near the hood.
MED/CU: Talent places a box/tray of cuvettes on a central bench.
Ten to twenty minutes before the lab, turn on the UV-vis (U-V viz) spectrometer and the instrument computer. [1-TXT] Place another box of lab wipes by the spectrometer. [2]
[bookmark: _Ref530495106]WIDE: Talent turns on the spectrophotometer and the instrument computer. TEXT: Refer to the manufacturer’s instructions Video Editor: Please wait to show the text overlay until “turn on…” in the voice-over.
MED: Talent sets another box of Kimwipes by the sample chamber of the spectrometer or by the keyboard of the instrument computer (wherever space is available).
Once the spectrometer is ready, configure it so the default scan is absorbance with a range of 200 to 800 nanometers. [1-TXT] Create a folder where students can save their spectra, and set the default file path to that folder. [2] Lastly, when the students arrive, explain how to use the software and save their data. [3]
[bookmark: _Ref530495116]MED-Over shoulder: Over-shoulder shot of talent setting up the software (e.g., opening the setup or preferences window and setting the default type and range of the scan). TEXT: Absorbance; 200 nm to 800 nm
MED-Over shoulder: Over-shoulder shot of talent creating a folder on the computer, naming it with a distinctive name (e.g., ‘Chem 102 Spectroscopy Lab Data’), and then setting the data file path in the software to that folder.
[bookmark: _Ref3660980]Use shot 5.8.2. (talent saves the data for a batch of spectra)


Video B: Student Laboratory Exercise – UV-Vis Spectroscopy of Dyes
4. Experiment 1 – Absorbance Wavelength Comparison
[bookmark: _Hlk529791300]In the first part of the lab, you’ll use ultraviolet and visible-light absorption spectroscopy, or ‘UV-vis absorption spectroscopy’, [1] to analyze the absorption characteristics of fluorescein, beta-carotene, and indigo dye. [2]
[bookmark: _Ref530495240][bookmark: _Ref3660887]Use shot 4.11.1. (talent sets up a UV-vis scan)
[bookmark: _Ref3660685]Use shot 2.10.3. (the three 1 mM dye solutions) Video Editor: Please overlay the molecules over the corresponding flasks. (If β-carotene is too wide, the molecule positions can be staggered, and the molecules can be matched to the flasks with zoom bubbles.)
To perform UV-vis spectroscopy, you’ll place a solution between a light source and a photodetector. [1] The molecules will absorb light at wavelengths that correspond to the energies needed to excite their electrons and scatter or transmit the rest. [2]
[bookmark: _Ref530495643]Use shot 4.10.1. (talent places a cuvette in the spectrometer and points out the path of the light beam)
See storyboard.
An absorption spectrum represents the variation in the number of photons of each wavelength that reached the detector. [1] A higher absorbance corresponds to fewer detected photons of that wavelength. [2]
See storyboard.
[bookmark: _Hlk529793614]You’ll take a spectrum of the pure solvent first, [1] which the instrument will ‘subtract’ from the spectrum of the dye solution to show you just the absorbance data from the dye. [2] This reference is called a ‘solvent blank’. [3-TXT]
[bookmark: _Ref3661345][bookmark: _Ref530496656]Use shot 4.7.2. (talent fills a cuvette with water from a labeled bottle)
See storyboard.
[bookmark: _Ref530497017]Use shot 4.8.2. (a close-up shot of the water-filled cuvette) TEXT: Solvent blank
Disclaimer: We suggest that students work individually for this experiment. Hardware and software instructions may vary.
Before you start, put on a lab coat, safety glasses, and gloves. [1] The beta-carotene and indigo solutions use hexane and dimethylformamide, respectively, so you will work with the dyes in a fume hood. [2-SPLIT-TXT] DMF and hexane will degrade thin nitrile gloves, so change your gloves if you get solvent on them. [3]
[bookmark: _Ref3659915]Use shot 2.1.1. (talent demonstrates PPE)
[bookmark: _Ref3660054][bookmark: _Ref3660127][bookmark: _Ref530497154]Split shot of 4.15.3. and 4.21.1. (talent rinses cuvette with hexane and talent pipettes indigo solution into the cuvette) TEXT: Caution: Hexane and DMF are toxic, volatile, and flammable.
MED: Talent disposes of a used pair of gloves and puts on a new pair of gloves.
Now, obtain a clean quartz cuvette. [1] Cuvettes typically have two transparent sides and two textured or opaque sides. [2] Always hold the cuvette by the textured sides to keep the transparent sides clean. [3]
MED: Talent picks up a cuvette from the box/tray in the central area.
CU: Talent (holding the cuvette by the frosted sides) shows the camera the cuvette from the transparent side for 3-4 seconds and then turns the cuvette to show the camera the textured/frosted side for another 3-4 seconds.
CU: Talent carefully picks up a cuvette with two fingers, touching only the textured/frosted sides, and turns the cuvette slightly to show that their fingers are not touching the transparent sides at all.
First, you’ll analyze a solution of fluorescein in water. [1] Bring your cuvette to the shared hood and fill it about three-quarters-full of deionized water to make your solvent blank. [2]
[bookmark: _Ref3661136]Use shot 2.10.1. (talent pointing out the three 3 µM solutions) Video Editor: Please pause the shot when talent points out the fluorescein flask and emphasize the fluorescein flask.
[bookmark: _Ref3661362]MED: Talent picks up the labeled squeeze bottle of water, fills the cuvette about ¾ full of water, and puts down the bottle. | Also used in 4.4.1. 
Now, clean the transparent sides of the cuvette with a laboratory wipe. [1][2] Check the cuvette for air bubbles, and gently tap the cuvette to dislodge them. [3] Then, bring the cuvette to the spectrometer. [4]
[bookmark: _Ref530498394]MED/CU: Talent takes a Kimwipe from the box and wipes the transparent sides of the cuvette. 
[bookmark: _Ref530497057]CU: A close-up shot of the water-filled cuvette. To be used in 4.4.3. 
MED/CU: Talent holds up the cuvette to the light, inspects it, and gently taps it. Videographer: Please get at least 7-8 seconds of footage for this shot.
MED/WIDE: Talent (holding the cuvette) approaches the spectrometer.
Open the sample chamber of the spectrometer and clean your cuvette one last time. [1] Smudges and dust can absorb or reflect light, which will introduce errors into the data. [2,3-SPLIT]
MED: Talent opens the sample chamber on the spectrometer and wipes the transparent sides of the cuvette.
ECU: A very close-up view of a water-filled cuvette with visible fingerprints on the transparent sides. Video Editor: Please add an X to indicate that this is not how the cuvette should look.
ECU: A very close-up view of a clean water-filled cuvette. Video Editor: Please add a check mark to indicate that this is how the cuvette should look. (An extra shot with both cuvettes in the same shot is also provided.)
Now, insert the cuvette into the sample holder so that the transparent sides are in line with the light source. [1] Close the sample chamber door completely. [2]
[bookmark: _Ref3648720]MED/CU: Talent inserts the cuvette into the spectrometer such that the camera can see the position of the transparent sides. Talent points out the light source and the path of the light beam. | Also used in 4.2.1. 
MED: Talent closes the sample chamber.
Follow the instructions for your spectrometer’s software to set up a scan of absorbance from 200 to 800 nanometers, and scan your cuvette as the solvent blank. [1]
[bookmark: _Ref3660901]MED-Over shoulder: An over-shoulder view of the computer screen as talent opens the setup menu, sets the start and end wavelengths to 200 and 800 nm, clicks Blank to start the scan, and waits a few seconds as the scan begins. TEXT: Absorbance; 200 nm to 800 nm Video Editor: Please show the text overlay during “a scan of absorbance from 200 to 800 nanometers” in the voice-over. | Also used in 4.1.1. 
When the solvent-blank scan finishes, empty the cuvette [1] and use compressed air to remove large drops of water. [2] Then, bring it to the shared hood and use a clean Pasteur pipette to fill the cuvette three-quarters-full of the provided 3-micromolar fluorescein solution. [3-TXT]
MED: Talent arrives at a lab sink with the cuvette and pours the water into the sink.
MED/CU: Talent uses compressed air to blow water droplets out of the cuvette. 
MED: Talent draws up some fluorescein solution from the flask with a pipette, pipettes the solution into the cuvette until it is ¾ full, dispenses any leftover solution into the fluorescein waste, and re-stoppers the flask of fluorescein solution. TEXT: 3 × 10⁻⁶ M (3 µM) fluorescein Video Editor: Please show the text overlay during “the provided 3-micromolar fluorescein solution” in the voice-over.
Check the cuvette for air bubbles and remove them as needed [1] before bringing the cuvette to the spectrometer. Remember to clean the transparent sides one last time before placing the cuvette in the sample chamber. [2] Then, scan the cuvette as your sample. [3]
MED: Talent wipes the cuvette with a lab wipe and gently taps the side of the cuvette.
MED: Talent takes a Kimwipe from the box, wipes the sides of the cuvette, inserts the cuvette into the holder, and closes the chamber.
MED-Over shoulder: An over-shoulder view of the software as talent clicks the appropriate button to start the sample scan.
When the scan finishes, identify the wavelengths that fluorescein absorbed. The wavelength with the highest absorbance is called lambda-max. [1-TXT] Record the wavelengths of the absorbance peaks and the overall absorption range in your lab notebook, [2] and then save the data. [3]
MED-Over shoulder: An over-shoulder view of the software as talent displays the wavelengths of the peaks in the lycopene spectrum. TEXT: λₘₐₓ = wavelength of highest absorbance Video Editor: Please wait to show the text overlay until ‘The wavelength…’ in the voice-over.
MED: With the peaks now picked in the spectrum, talent writes down the peak wavelengths and the absorption range in the lab notebook.
MED: Talent saves the spectrum.
Now, empty your cuvette into the aqueous waste and rinse it with water to remove traces of fluorescein. [1] You’ll analyze beta-carotene next, so you need a hexane solvent blank. [2] Rinse the cuvette with hexane a few times to remove leftover water before filling it three-quarters full of pure hexane. [3]
MED: Talent empties the cuvette into the fluorescein waste and rinses it with deionized water from the squeeze bottle.
[bookmark: _Ref3661555]Use shot 2.10.1. (talent pointing out the three 3 µM solutions) Video Editor: Please pause the clip when talent points out the β-carotene solution and emphasize the flask of β-carotene solution.
[bookmark: _Ref3660069]MED: Talent quickly rinses the cuvette by pipetting hexane into it and pouring the hexane into the organic waste, and then pipettes hexane into the cuvette until it is three-quarters full. | Also used in 4.5.2. 
Remove air bubbles, clean the sides of the cuvette, and place it in the spectrometer. Make sure that the scan is set [1] for absorbance from 200 to 800 nanometers, and then scan the cuvette as a solvent blank. [2]
MED: Talent wipes the cuvette sides, places it in the sample holder, closes the sample chamber, and then sits at the computer.
MED-Over shoulder: An over-shoulder view of the setup window in the software showing that it is set up for an absorbance scan from 200 to 800 nm; talent uses the cursor to point out the relevant parts of the setup window for a few seconds, and then clicks Blank to start the scan.
When the scan finishes, empty the cuvette into the organic waste [1] and dry it with compressed air. [2] Use a clean pipette to fill the cuvette three-quarters full of the provided 3-micromolar beta-carotene solution, remove any air bubbles, and return to the spectrometer. [3-TXT]
[bookmark: _Ref3662081]MED: Talent opens the cuvette and empties it into the organic waste. | Also used in 5.4.1. [Filmed as 4.17.1]
[bookmark: _Ref7522590]CU: Talent starts drying the cuvette with compressed air. | Also used in 5.4.1. [Filmed as 4.17.1.b]
MED: Talent opens the flask of 3 µM β-carotene, pipettes the solution into the dry cuvette until it is about ¾ full, dispenses any leftover β-carotene in the pipette into the organic waste, and stoppers the flask. [Filmed as 4.17.2] TEXT: 3 × 10⁻⁶ M (3 µM) β-carotene Video Editor: Please show the text overlay during “the provided…solution” in the voice-over.
Clean the transparent sides of the cuvette, place it in the spectrometer, and scan it as your sample. [1] Write the wavelengths of the peaks in your lab notebook and save the data. [2]
MED: Talent wipes the cuvette, places it in the sample holder, closes the sample chamber, goes to the computer, and starts the sample scan.
MED-Over shoulder: With a completed β-carotene absorption spectrum displayed on the screen (peaks already picked), talent writes down the absorption peaks in the lab notebook.
Now, it’s time to analyze the indigo dye. The indigo solution is in DMF, [1] so empty your cuvette into the organic waste and rinse out the leftover beta-carotene and hexane with pure DMF. [2]
[bookmark: _Ref3661636]Use shot 2.10.1. (talent points out the three 3 µM dye solutions) Video Editor: Please pause the clip when talent points out the indigo solution and emphasize the flask of indigo solution.
MED: Talent empties the cuvette into the organic waste and uses a pipette to rinse the cuvette a few times with DMF. 
Fill the cuvette three-quarters-full of pure DMF, place it in the spectrometer, [1] and make sure that the scan settings are the same as before. Run the solvent blank scan, [2] and then empty the cuvette into the organic waste and dry it with compressed air. [3]
MED/WIDE: Talent arrives at the spectrometer with a cuvette of pure DMF, wipes the sides of the cuvette with a Kimwipe, and places the cuvette in the spectrometer.
MED-Over shoulder: An over-shoulder view of the software as talent checks the settings (absorbance and 200-800 nm) and clicks Blank to start the scan.
Split shot of talent emptying the cuvette into the organic waste (4.20.3) and shot 4.17.2. (talent drying the cuvette)
Use a clean pipette to fill the cuvette three-quarters-full of the provided 3-micromolar indigo dye solution [1] and scan it as your sample. [2] Write down the absorbance information and save your data. [3] Lastly, empty your cuvette into the organic waste and rinse it with acetone. [4]
[bookmark: _Ref3660144][bookmark: _Ref530496320]MED: Talent pipettes the indigo dye solution into a clean, dry cuvette until it is ¾ full, and then re-stoppers the indigo dye flask. TEXT: 3 × 10⁻⁶ M (3 µM) indigo dye Video Editor: Please show the text overlay during “the provided…solution” in the voice-over. | Also used in 4.5.2. 
MED: Talent wipes the cuvette of indigo dye and inserts it into the spectrometer.
MED: With a completed indigo spectrum showing on the computer screen, talent writes down the wavelengths of the major peak and the absorbance ranges, and then saves the spectrum.
MED: Talent empties the indigo cuvette into the organic waste and rinses it with acetone from the squeeze bottle.
5. Experiment 2 – β-Carotene Calibration Curve
[bookmark: _Hlk529785716]In the second half of the lab, you’ll use UV-vis spectroscopy to relate absorbance intensity and concentration for beta-carotene [1-SPLIT] by measuring the absorbances of five beta-carotene solutions with different concentrations. [2] This will let you make a calibration curve of absorbance versus beta-carotene concentration and derive the equation describing that relationship. [3]
[bookmark: _Ref3661776]Split shot of 5.4.2. and 5.5.3. (talent adds β-carotene solution to a cuvette and talent opens the window in the software showing the absorbances)
[bookmark: _Ref530497877]Use shot 2.10.2. (a ‘finished product’ shot of the five β-carotene solutions)
See storyboard.
To begin, make a table in your lab notebook with columns for beta-carotene concentration and absorbance at 450 nanometers. [1] Then, get a clean cuvette and fill it three-quarters-full of hexane as your solvent blank. [2]
See storyboard.
MED: Talent opens the container of hexane and pipettes hexane into a clean, dry cuvette until it is ¾ full.
Remove any air bubbles, clean the transparent sides of the cuvette, and place it in the spectrometer. [1] Set up an absorbance scan from 200 to 800 nanometers and scan the cuvette as the solvent blank. [2]
MED: Talent gently taps the sides of the cuvette, wipes the transparent sides with a Kimwipe, and then places the cuvette in the spectrometer.
MED-Over shoulder: Talent opens the setup window, sets the scan to be an absorbance scan from 200 to 800 nm, and clicks Blank.
When the scan finishes, empty the cuvette into the organic waste and dry it with compressed air. [1] Then, use a clean pipette to fill the cuvette three-quarters-full of the 1.9-micromolar beta-carotene solution, which is the lowest-concentration solution. [2]
[bookmark: _Ref3662073][bookmark: _Ref7522567]Split shot of 4.17.1. and 4.17.2. (talent empties a hexane blank into the organic waste and talent starts drying the cuvette)
[bookmark: _Ref3661718]MED: Talent opens the flask of 1.9 µM β-carotene solution and pipettes the solution into the cuvette until it is ¾ full. TEXT: 1.9 × 10⁻⁶ M (1.9 µM) β-carotene Video Editor: Please show the text overlay during “the 1.9-micromolar beta-carotene solution”. | Also used in 5.1.1. 
Clean the sides of the cuvette, insert it into the spectrometer, [1] and scan it as a sample. When the scan finishes, [2] display the absorbance intensity of the peak at 450 nanometers. [3] Record this in your lab notebook as the absorbance for the 1.9-micromolar solution. [4]
MED: Talent wipes the sides of the cuvette with a Kimwipe and places the cuvette in the sample holder.
MED-Over shoulder: An over-shoulder view of the software as talent clicks the button to start scanning the sample.
[bookmark: _Ref3661838]MED-Over shoulder: An over-shoulder view of the software (now showing a completed spectrum for 1.9 µM β-carotene) as talent opens the window showing the wavelengths and absorbances. | Also used in 5.1.1. 
MED/CU: Talent writes down the absorbance in the appropriate row in the table drawn in the lab notebook.
Now, empty the cuvette into the organic waste, rinse it with hexane, [1] and dry it with compressed air. [2] Use a clean pipette to fill the cuvette three-quarters-full of 3.7-micromolar beta-carotene solution. [3]
MED: Talent empties the cuvette into the organic waste and rinses it with hexane.
Use shot 4.17.2. (talent dries the cuvette with compressed air)
MED: Talent puts a pipette bulb on a clean pipette, removes the stopper from the 3.7 µM β-carotene flask, and pipettes some solution into the cuvette.
Clean the sides of the cuvette, insert it into the spectrometer, [1] and scan it as another sample. [2] When the scan finishes, write down the absorbance of the peak at 450 nanometers. [3]
MED/CU: Talent wipes the sides of the cuvette and places it in the spectrometer.
MED-Over shoulder: An over-shoulder view of talent clicking the button to start taking another ‘sample’ scan.
Repeat this for the remaining solutions, working from lowest to highest concentration. [1] Save your data when you are done. [2] Lastly, empty the cuvette into the organic waste and clean it with acetone. [3]
[bookmark: _Ref3660429]Use shot 2.10.2. (the five β-carotene solutions) Video Editor: Please add a horizontal arrow extending from the lowest-concentration solution to the highest-concentration solution.
[bookmark: _Ref3660990]MED-Over shoulder: An over-shoulder view of the software as talent saves the data of five β-carotene spectra. | Also used in 3.4.3. 
MED/WIDE: Talent empties the cuvette into the organic waste and rinses it with the squeeze bottle of acetone.


6. Results
[bookmark: _Ref6923194][bookmark: _Ref7438430][bookmark: _Hlk530058845]First, let’s look at the spectra of the three dyes. [1] Fluorescein in water absorbs blue and purple light, with the maximum absorbance at 490 nanometers. [2] It does not absorb red light, and it only absorbs some yellow and green light. [3] Consistent with this, solid fluorescein is red, and fluorescein solutions are usually yellow to green. [4]
See storyboard. Uses clips from 2.2.3. and 2.4.2. (talent pouring solid fluorescein into a flask and the ‘finished product’ shot of the stock fluorescein solution, which is tinted at least slightly yellow)
Beta-carotene also absorbs blue and purple light. [1] The maximum absorbance of beta-carotene in hexane is 450 nanometers, and you’ll see another large peak at 478 nanometers. [2] The strong absorption of purple light is part of why beta-carotene appears orange. [3]
See storyboard.
Indigo in DMF absorbs UV light and red, orange, and yellow light, with a distinct peak at 611 nanometers. [1] Thus, indigo dye reflects primarily blue and purple light, giving it its characteristic color. [2]
See storyboard.
[bookmark: _Ref530502754][bookmark: _Hlk529868945]Now, let’s make the calibration curve for beta-carotene concentration. [1] Plot the beta-carotene absorbance values at 450 nanometers from the second half of the lab against the concentrations of the solutions. [2] Then, apply a trendline and find the linear equation that fits the data. [3]
[bookmark: _Ref530502631]See storyboard.
According to the Beer-Lambert (beer lam-bert) law, in this equation, y is absorbance, x is concentration, and the slope is the product of the relevant molar attenuation coefficient and the pathlength. [1]
To check your equation, rearrange it to solve for concentration and fill in the beta-carotene absorbance at 450 nanometers from the first part of the lab. [1] The calculated concentration should be close to 3 micromoles per liter. [2]
See storyboard.



