			FILMING SCRIPT

Scriptwriter Name: Tara Cass
Lab Manual: Chemistry 101
Lab: Balmer Series

Notes to authors are in italics and highlighted. 

Video A: Instructor’s Guide to Setup – Balmer Series

1. [bookmark: _Hlk511390330]List of Materials (assuming a lab group of 10 students working in pairs)
· Hydrogen lamp and power supply x 1
· Helium lamp and power supply x 1
· Neon lamp and power supply x 1
· Handheld data acquisition device x 5[footnoteRef:1] [1:  Only one spectrophotometer is required if the lab is being performed as a demonstration.] 

· UV-Vis spectrophotometer attachment x 5
· Flash drive x 5 (if required for exporting data from the device)
· Box of laboratory wipes x 1
· UV-protective safety glasses x 11[footnoteRef:2] (if the hydrogen lamp lacks side shields) [2:  The hydrogen lamp will emit some UV light, so you may wish to use UV-resistant safety glasses if your hydrogen lamp does not have side shields.] 


Note to authors and videographer: When footage duration is mentioned, this is a recommended minimum to ensure that there is sufficient footage for the accompanying voice-over.
2. Setup – No title slide
First, put on safety glasses, a lab coat, and gloves. [1-WIDE] Then, place a power base for gas-discharge lamps in a central area. [2-MED-Over shoulder] Pick up the hydrogen lamp and clean with a laboratory wipe before setting it in the base. [3-MED/CU]
Talent (already wearing PPE) points out the PPE as it is named. (Read script for pacing.)
Talent sets the power supply base on a central bench.
Talent lifts the hydrogen gas-discharge lamp through a kimwipe and sets the lamp in the base.
[bookmark: _GoBack]Then, plug in the lamp base. [1-MED] Wipe the helium and neon lamps, and return them to their storage compartment so that you can exchange the lamps when needed during the lab. [2-MED] Tk2: added “them”
Talent plugs in the lamp.
Talent places the He and Ne lamps in the storage compartment and turns the lamp so that the compartment is clearly visible.
After that, assemble the handheld UV-vis (U-V viz /vɪz/) spectrophotometers (spec-tro-foe-tom-eh-turs /ˌspɛk troʊ foʊˈtɒm ə tərz/) [1-MED-Over shoulder] and distribute them to the lab stations to finish the setup. [2-WIDE]
Talent connects the spectrometer to the LabQuest.
Talent places the spectrometer assembly and a flash drive on a benchtop workstation.
During the lab, you will call up each student group to acquire a spectrum while you operate the hydrogen lamp for up to 30 seconds. [1-WIDE]
Use shot 3.7.1. (talent 1 and talent 2 (students) approach talent 3 (instructor) while holding the LabQuest and spectrophotometer)
Once all students have recorded a spectrum, you will repeat the process with the helium and neon lamps. [1-MED] If a lamp is still hot when you are done with it, wait 5 minutes before removing it from the base. [2-MED]
Talent removes the hydrogen lamp from the base and installs the helium lamp.
Talent carefully touches the helium lamp as though testing whether it is hot, and then leaves the lamp alone as though waiting 5 minutes to let it cool.

Video B: Student Laboratory Exercise – Balmer Series
3. Experiment – No Title Slide
In this experiment, you will use a spectrophotometer to measure the distinct wavelengths of light emitted in the UV and visible range by electron relaxation [1-SPLIT] in hydrogen, [2-CU] helium, [3-CU] and neon. [4-CU]
[bookmark: _Ref513909304]Split shot of 3.8.1. and 3.8.4. (talent 3 turns on the H lamp and talent 1 captures the H spectrum) [Please supplement with b-roll as needed]
A shot of the illuminated hydrogen gas-discharge lamp.
A shot of the illuminated helium gas-discharge lamp.
A shot of the illuminated neon gas-discharge lamp.
In hydrogen, the Balmer series (ball-mer /ˈbɑːl mər/) is the set of wavelengths emitted by relaxation to the second lowest energy level. [1] These wavelengths are predominantly in the visible spectrum, [2] making them easy to identify in the lab. [3-MED]
See storyboard.
See storyboard.
Use b-roll of talents acquiring spectra from the H lamp (see request at the end of this section).
After the lab, you will use a special equation to calculate the theoretical wavelengths of the Balmer series and match them to your data. [1] While you can’t use the same equation for helium and neon, you can observe qualitative energy level characteristics from their spectra. [2-SPLIT]
Split clips from 4.2. and 4.3. (storyboard showing how to do the calculation Transition and showing comparison of calculation results to example data)
Split shot of b-roll of talents acquiring spectra from the He and Ne lamps (see request at the end of this section).
Before starting this lab, make a table in your lab notebook [1-MED-Over shoulder] for the elements that you will analyze, the color of the light that you observe from the lamps, and the recorded wavelengths. [2]
Talent starts drawing the table in the lab notebook. (~3 s of footage)
See storyboard.
Disclaimer: We suggest that students work in pairs for this experiment.
Note: This section will need two “student” demonstrators.
First, put on a lab coat, safety glasses, and nitrile (nigh-trial /ˈnaɪ traɪl/) gloves. [1-WIDE] You will need a partner for this lab [2-MED/WIDE] so that one of you can hold the spectrophotometer sensor to the light [3-MED/CU] while the other records the data. [4-MED-Over shoulder]
Talent points out their lab coat, glasses, and gloves. (Can be either talent 1 or talent 2. Read script aloud for pacing.)
Talent 1 and talent 2 both approach the benchtop on which the LabQuest and spectrophotometer have been placed.
[bookmark: _Ref513908128]Use shot 3.8.2. (talent 2 holding the sensor to the light)
[bookmark: _Ref513908147]Use shot 3.8.3. (talent 1 pressing ‘play’ on the LabQuest screen)
Now, turn on a handheld spectrophotometer and create a new file for the hydrogen emission spectrum. [1-MED-Over shoulder] Configure the spectrophotometer to measure emission intensity with a sampling time of 200 ms (milliseconds), with no sample averaging. [2-CU]
Talent 1 turns on the LabQuest and creates a new experiment file.
In the sensor menu, talent 1 uses the stylus to point out that it is set to record emission intensity, the sample time is 200 ms, and the samples to average is set to 1. (Read script for pacing.)
When your instructor calls you, bring the spectrophotometer to the hydrogen lamp. [1-WIDE] The student holding the sensor should move close to the lamp [2-MED] and the other should be ready to start the spectrophotometer acquisition. [3-MED-Over shoulder]
[bookmark: _Ref513911566]Talent 1 and talent 2, holding the LabQuest and spectrophotometer, approach talent 3 (instructor) standing by the H lamp.
Talent 2, holding the sensor, moves to stand adjacent to the lamp. (~3 s of footage)
Talent 1 takes out the stylus and holds it by the screen of the LabQuest as though ready to start capturing the spectrum. (~4-5 s of footage)
When your instructor turns on the lamp, [1-WIDE] hold the sensor at the center of the lamp and start displaying the spectrum. [SPLIT 2-MED/CU, 3-MED-Over shoulder] Capture the spectrum as soon as it is clear and has minimal noise, [4-CU] as the lamp cannot be left on for more than 30 seconds at a time. [5-MED]
[bookmark: _Ref513908483]Talent 3 (instructor) turns on the lamp, with talent 1 and talent 2 in position as though about to record the data. | Also used in 3.1.1. 
[bookmark: _Ref513908068]Talent 2 holds the sensor close to the center of the illuminated lamp. | Also used in 3.5.3. 
[bookmark: _Ref513908090]With the lamp on and talent 2 in position in the background, talent 1 presses the play button on the LabQuest screen. | Also used in 3.5.4. 
[bookmark: _Ref513908485]With a clear spectrum showing on the LabQuest screen, talent 1 presses the ‘stop’ button to capture it. | Also used in 3.1.1. 
Talent 3 turns off the lamp; talent 2 moves back from the lamp slightly to indicate being done with collecting data.
Save your hydrogen spectrum, set up another experiment for helium with the same parameters, [1-MED-Over shoulder] and acquire the spectrum in the same way when called. [2-WIDE] Acquire a spectrum of neon in the same way after that. [3-MED]
Talent 1 saves the spectrum and creates a new run/experiment for He.
With talent 1 and talent 2 in position to acquire data (i.e., talent 1 holding the LabQuest and talent 2 holding the sensor), talent 3/instructor turns on the helium lamp, talent 1 presses ‘play’ on the LabQuest, and talent 2 holds the sensor close to the center of the He lamp. (~6-7 s of footage)
The same setup as the shot above, but with the Ne lamp.
Lastly, export your saved data, turn off the spectrophotometer, and put it away. [1-MED]
Talent 1 unplugs the flash drive from the LabQuest, turns it off, and puts the LabQuest and spectrophotometer in a collection area.

Videographer: Please get ~10 s of b-roll of the demonstrators recording spectra for each of the three lamps.


4. Results
First, let’s set up the Rydberg (rid-berg /ˈrɪd bɜːrg/) formula to calculate the wavelengths of the Balmer series. [1] n₂ (N-two) is the number of the energy level where the excited electron starts, and n₁ (N-one) is the energy level to which the electron relaxes. [2] The Balmer series is relaxation to the second lowest energy level, so set n₁ to 2. [3] RH (R-H) is the Rydberg constant shown here. [4] 
See storyboard
[bookmark: _Ref513909558]Now, let’s find the wavelength of the light emitted by an electron relaxing from level 3 to level 2. [1] First, fill in 3 for n₂. [2] Then, solve for 1/λ (one over lambda). [3] Now, take the reciprocal of that value to get the wavelength in meters, which you can then convert to nanometers. [4]
[bookmark: _Ref513909546]See storyboard
[bookmark: _Ref513909560]Calculate the transitions from energy levels 4, 5, 6, and 7 in the same way. [1] You should see a good match between your data and your calculations. [2]
[bookmark: _Ref513909548]See storyboard
Next, let’s calculate the frequency and energy for each wavelength. [1] Use the wavelength in meters to match the units of the constants. [2] As with wavelength, you can then convert these values to other units. [3] 
See storyboard
Now, let’s look at the energies that you calculated. [1] You should see a trend of the energy gap increasing by less with each added energy level, [2] which is reflected in the spacing of the peaks in the hydrogen emission spectrum. [3] Remember that higher-energy waves have lower wavelengths. [4]
See storyboard
Helium and neon share this energy level spacing trend, [1] but you can see from the helium spectrum that adding even one more electron makes the spectral series harder to calculate and identify. [2] This is even more apparent in neon, which has eight more electrons than helium. [3]
See storyboard
