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Computer Prep

Equipment Prep

Data Collection

Post-Lab

Installing and preparing

the computer application
-

Setting up the lab
equipment and samples

Running the experiment
and collecting data

Interpreting and analyzing
the data collected



Dear Teacher:
Spectroscopy is a topic that can be as simple
or as complex as one makes it. In developing this

activity, | have been sucked into its “black hole™
(punintended...) many fimes. | would begin by

looking up the absorption spectra of hydrogen and
before long | was converting the wavenumbers of //
bond stretching at a specific wavelength for -
aldehydes! You know your students best but, to
paraphrase the U.S. Navy, my advice would be:

Keep It Super Simple! (K.I.S.S.).

@ —Another Teacher



1. Computer
Prep °

This section covers the software applications
used by students to complete this activity.

| recommend familiarizing yourself with these
steps before going through with students.

Additionally, for the sake of time, | would
have students complete these steps in class
the day prior to conducting the activity.



ARDUINO IDE

1. Go to https://www.arduino.cc/en/software

and select the software that is appropriate for
your students’ devices.

2. Have students download and install the
software program.

3. Alternatively, students may use the web-
based version also accessed using the link
above.

HARDWARE SOFTWARE cLoup DOCUMENTATION ~

Downloads

Arduino IDE 2.1.1

The new major release of the Arduino IDE is faster and even
more powerfull In addition to a more modern editor and a
more responsive interface it features autocompletion, code
navigation, and even a live debugger.

For more details, please refer to the Arduino IDE 2.0
documentation.

Nightly builds with the latest bugfixes are available through
the section below.

SOURCE CODE

The Arduino IDE 2.0 is open source and its source code is
hosted on GitHub.

COMMUNITY ~ BLOG ABOUT

DOWNLOAD OPTIONS

Windows Win 10 and newer, 64 bits
Windows Ms installer
Windows zP file

Linux Appimage 64 bits (X86-64)
Linux ZIP file 64 bits (X86-64)

macOS Intel, 10.14: “Mojave" or newer, 64 bits
macOS Apple Silicon, 11: “Big Sur” or newer, 64 bits

Release Notes



https://www.arduino.cc/en/software
https://www.arduino.cc/en/software

SPARKFUN LIBRARY
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2. Click on the books icon on the task
bar located on the left-hand side.

o F-r T3 A/
N s v k= Arduino Uno
skatch_ulida ino LIBRARY MANAGER
1 vold setup() {
: SparkFun
o T Type: All v
' Topic: Al v
/
/
l .
/ SD by Arduino, SparkFun




SPARKFUN LIBRARY (cont)

Specifics about the Spectral Triad AS7265X library commands can be found aft this LINK
(scroll down about 2/3 of the page to “AS7265x Arduino Library Overview”).

3. Type in “SparkFun Spectral Triad” | ~ ™~ 4. Select Install. s
into the search bar. -
— SparkFun Spectral
A BRI B Triad AS7265X by Nath...
I SparkFun Spectral Triad I The SparkFun Spectral Triad
Tvoe: Al y detects 18 discrete channels of ~ “
ypl ) light from 372nm (UV) to 966nm... N
Topic: Al e More info



https://learn.sparkfun.com/tutorials/spectral-triad-as7265x-hookup-guide?_ga=2.208195537.274963032.1659022095-1771007873.1658366162

ACTIVITY CODE

*Be sure that you and your students have
already downloaded the code to a
chosen location (e.g., desktop).

1. File

g Whata\
File Edit SK

New Cloud Sketch N\ Z

Open..

X Ty
Click on “File” in the Select “Open”
from the

upper left-hand corner.
dropdown menu.

4. Open

~~ Sketch
\

/
/ Open

3. Locate .- &

~—

Name

Select “Open’” in
the bottom right-
hand comer.

Whats_In_Our_Stars_Arduino_Code

Locate the file for the
code: “Whats_In_Our

_Stars_Arduino_Code".

(be sure you have unzipped
the activity folder first)




EXCEL *

Ensure that students have
. access to Microsoft Excel before
' proceeding.

L . DATA STREAMER

Download and Enable the
Data Streamer add-in for
Microsoft Excel. See Microsoft’s

&

Connect a
Device ¥

'—‘~~
-~
~

B DASHBOARD

Locate and open the Excel worklbook
“Whats_In_Our_Stars_Excel_Dashboard”
provided with the activity files.



https://www.microsoft.com/en-us/download/details.aspx?id=56976
https://www.microsoft.com/en-us/download/details.aspx?id=56976

*2. Equipment

This section includes procedures for
re p wiring/hooking up the spectrometer
and preparing the samples.




SPECTROMETER SETUP

SparkFun 4-pin Qwiic
connect cable (or 4
jumper cables) Scissors

Black cardstock or

thin cardboard cut

Arduino Uno Board USB-C to USB-A cable info a 3"x 3" square



https://commons.wikimedia.org/wiki/File:Cable_USB.jpg
https://commons.wikimedia.org/wiki/File:Cable_USB.jpg
https://commons.wikimedia.org/wiki/File:Large-scissors.jpg
https://commons.wikimedia.org/wiki/File:Large-scissors.jpg

SPECTROMETER SETUP

*Black = GND
Red = 3.3V
Blue = SDA

Connect the triad
sensor to the
Arduino, making
sure that each
colored cable goes
to the correct pin!
(see above)




SPECTROMETER SETUP

*Black = GND
Red = 3.3V
Blue = SDA

Connect the triad
sensor to the
Arduino, making
sure that each
colored cable goes
to the correct pin!
(see above)




SPECTROMETER SETUP

Use the provided USB cable to connect the spectrometer
to your device.



https://commons.wikimedia.org/wiki/File:Black_laptop_computer_open_frontal.svg

SAMPLE PREPARATION

Select 3* different substances for students to use as their samples.

Some Helpful Hints:

®  Materials may be solids or liquids, though for ease | recommend choosing either 3 solids or 3
liquids.

®  When/if choosing 3 solid substances, try fo choose ones that look similar with the naked eye
(e.g., table salt, Epsom salt, and sugar).

® |deally, sample substances would be made from elements hydrogen (Z= 1) to iron (Z=26), as
these elements are formed due to fusion within stars.

® Some suggestions are listed on the following slide, but feel free to use anything you like!
® A “Sample Tracker” document is provided for you to use if you wish : )

*You can always do more than 3 substances per group! However, this will add prep time, supplies
needed, and time to complete the lab.



Whats_In_Our_Stars_Sample_Tracker.docx

SAMPLE PREPARATION

Ideas for the 3 different substances to use as samples.

When/if choosing 3 solid substances, try to choose ones that look similar with the
naked eye (e.qg., table salt, Epsom salt, and sugar).

Table Salt (NaCl) ® Pencil Lead/Graphite (C)

Baking Soda (NaHCO;,) ® Play Sand (SiO,)

Potassium Nitrate (KNO,) ® Hydrofluoric Acid - any molarity (HF)
Vinegar/Acetic Acid (CH;COOH) ® Phosphoric Acid - any molarity (HsPO,)
Table Sugar/Sucrose (C;,H,,04,) ® Chalk/Calcium Carbonate (CaCOs)
Aluminum Foil (Al) ® ron Filings (Fe)

Epsom Salt (MgSO,) ® Magnesium Ribbon (Mg)

Cornstarch (C¢H,,0s) ® Vegetable Qil (C,gH;,0,)




SAMPLE PREPARATION

Once you have your selected substances, place them into containers such as those shown below.
Create enough cups of each chosen sample subbstance for each group to have one set.

KNOWN A

Write the name of the
substance on each
sample cup.
(e.g., Iron Filings)

KNOWN B

“Unknown” is the same as

Make sure that the
substance labeled

either known A, B, or C!
Otherwise, students won't
be able to identify it!

X Numlber of
Lab Groups




SAMPLE PREPARATION - EXAMPLE

Remember to create enough cups of each sample substance for each group to have one full seft.
Use the “sample tracker” to assist in organizing which substance is “A,” “B,” and “C.”

Table Salt Epsom Salt
NaCl MgSOy

Sucrose
C12H77012



https://commons.wikimedia.org/wiki/File:Salt_shaker_on_white_background.jpg
https://commons.wikimedia.org/wiki/File:Salt_shaker_on_white_background.jpg

8 cm (~3")

SAMPLE SETUP

Once you have your spectrometer set up, and your samples selected and portioned into
containers, you'll need to create a “cover” to place over the sample cup for the sensor o sit on
and to eliminate ambient light.

Fold the square in
half.
Cut a piece of
black cardstock
intfo a square that

will hang over the
edges of the

sample cups. N 3.5cm (~1.25")

Cut out arectangle from the

middle.
8 cm (~3") \ }




COMPLETE SETUP

Once you have your spectrometer set up, and your samples selected and portioned into
containers for student use, the setup should look like the image below:




3. Data Collection

Part 3 describes how to conduct the experiment
and collect data on “lab day.”



DATA COLLECTION —

Part 1: Arduino IDE

1. Select your device from the
dropdown menu.

/.

Whats In_Our Stars Arduino Code | Arduino IDE 2.1.0
File Edit Sketch Tools Help

2. Verify the
sketch code.

Whats\ In_Our_Stars Arduino Code.ino

[~
(S—__

3. Upload the code
to the Arduino.




DATA COLLECTION —

Part 2: Excel Dashboard

File Home Ing
Acrobat

Help

Data Streamer
5 -
1 st
= B |
Conditional Format as Connect a |mp0rt
ormatting v Table v . .
Device ¥ /Data File

Workbook Settings

Setting

Clear s contents to revert to its default setting

Data interval (ms) 150
Data rows 100
Data channels 18
Data Offerratian Newest firs

Dashboard | Dataln | Data Out | Settings | Marifast

|Accessibility: Investigate

fumber N Styles
Data Sources
1. Select “Data 2. Select “Connect
Streamer” from the top a Device"” from the
menu bar. top menu bar, then

“Arduino.”

3. Select the “Settings” Sheet
from the bottom menu and

make sure “Data channels” is
set to 18.

jill affect how data is read into the current workbook from




Wavelength | Average Intensity
r

DATA COLLECTION —
@ 435nm : #DIV/0!

Part 3: Check Dashboard g | A%m D #DIV/O
z 485nm #DIV/0!

Data Table 510nm : #DIV/0!
535nm #DIV/0!

® The table on the first sheet should om o il
. . 585nm #DIV/0!

look like the one to the right. > comm T sy

o .. 645nm | #DIV/0!
If it does, you are good to go! You ¥ ssonm 7 #DIV/O!
can skip to Slide 29. 2 | 0m 7 #DV/O

> 730nm | #DIV/0!

® |f you have any of the “Average 7600m T #DIV/O
Intensity” cells showing the error 810nm #DIV/0!
“#REF", follow the directions on the 860nm : #DIV/0!
next slide. 900nm f #DIV/0!
940nm #DIV/0!




DATA COLLECTION —

*Part 3A: Dashboard

Data Table TROUBLESHOOTING R *“;e“*'
1. The error “#REF” indicates that the — T 4::: T {{}-;

reference cells for the formula are not - -

found, but the good news is, it's an

easy fix! fx  =AVERAGE(TBL_HST[CH1])

D E F G H

2. Click on the Average Intensity for

410nm. Table Salt (NaCl)

3. Type the following formula into the Py
cell: =AVERAGE(TBL_HST[CH1]) £DIV/0)




Wavelength Average Intensity
DATA COLLECTION — onm =AVERAGE(TBL_HSTICH

435nm "~ AVERAGE TBL_HST[CHZ]
*Pa rt 3A: Dashboard 460nm =AVERAGE(TBL_HST[CH3]

485nm "~ AVERAGE TBL_HST[CH4]

)
)
)
Data Table TROUBLESHOOTING S0nm ~AVERAGE(TBL HST CHS];
;
)

INFRARED

535nm  =AVERAGE(TBL_HST[CH6]
560nm  =AVERAGE(TBL_HST[CH?7]

( [
( [
( [
( [
( [
4. Each cell formula going down the 585nm ':A\/ERAGEETBL_HSTECHg]
column should increase by 1 channel. 610nm  =AVERAGE(TBL_HST[CHS]
645nm ':AVERAGE(TBL_HST[CHTO])
5. See the table to the right for the - 680 "=AVERAGE(TBL_HSTICHTI)
correct formulas for Average Intensity at 2 2222 ,ﬁﬁiigggst—ﬂéﬁgmii
GOCh ngelengTh' 760nm ':AVERAGE(TBL_HST[CHM])
810nm ':A\/ERAGE(TBL_HST[CHTS])
6. You can copy and paste the formulas 860nm  =AVERAGE(TBL HSTICHI6])
for each wavelength from the next slide! 900nm ' =AVERAGE(TBL_HSTI[CH17])
( [CH18))

940nm  =AVERAGE(TBL HST[CH18




=AVERAGE(TBL_HST[CH1])
DATA COLLECTION —  |=Averaceqmsi Hsticha)

=AVERAGE(TBL_HST[CH3])

* . =AVERAGE(TBL_HST[CH4])
Part 3A: Dashboard AVERAGE(TBL LSTICHE]
Data Table TROUBLESHOOTING =AVERAGE(TBL_HST[CH6])

=AVERAGE(TBL_HST[CH7])
=AVERAGE(TBL_HST[CHS8])
=AVERAGE(TBL_HST[CH9])
=AVERAGE(TBL_HST[CH10])
Select all the text, then copy, and paste! =AVERAGE(TBL_HST[CH11])
=AVERAGE(TBL_HST[CH12])
=AVERAGE(TBL_HST[CH13])
=AVERAGE(TBL_HST[CH14])
)
)
)
)

Click on the text box to the right -2,

=AVERAGE(TBL_HST[CH15]
=AVERAGE(TBL_HST[CH16]
=AVERAGE(TBL_HST[CH17]
=AVERAGE(TBL_HST[CH18]




DATA COLLECTION —

Part 4: Start Data

D6 v i Jx  Table salt (NaCl) AS v Jfx Go
14:.\ E c D E F G H AutoSave (@ Off) y A - -
2 Fle  Home J&%8 Pagelayd |, | Data Out (To Device)
Z Table Salt (NaCl) - I: [ 2 | Data entered into the channels below will by
2 Wavelergih - verage Intersity Disconnect

- Device

4. On the Dashboard Sheet, /4

select the substance name

from the dropdown menu. 5. Click “Start Data” from

the Data Streamer menu :
bar. 6. Click on the "Data Out”

Sheet from the boftom menu.
Then type “GQO" into cell A5
and hit Enter.




DATA COLLECTION —

Part 5: Collect Data

16 v i fx
A B C D E F G H | J K L M N o P Q R S T U v W X Y Z AA AB AC AD AE I
ROSCOPY DA

1
2
3
4 ~
: 1sert Draw Page La
6 m Table Salt (NaCl) |
7
:
- e SPECTROSCOPY BAR GRAPH DATA SPECTROSCOPY LINE GRAPH DATA
10 & 235mm 7 65

g
1 = 460nm 2
12 = dgs0m 7 140
13 siom 7 El
14 s35nm : 56 - .
15 560nm 61 H g 15
16 sasnm E E
17 &1onm 88 ] ]
18 sasnm 7 7 § E X
19 u seonm 7 El & %
20 = 05m 7 12
21 = om 7 12
2 gom 7 &
23 giom 7 40 - f
24 geonm 2 & & & A
25 soonm ] o & &

e WAVELENGTH WAVELENGTH

26 saonm 20
27
28 : R i

Return to the Dashboard Sheet using the menu at the bottom of the screen. You should now see
values in the data table for average intensity, a bar graph, and a line graph created for you.

Once the values have stabilized (~10 seconds), click “Stop Data” toward the top of the screen.




DATA COLLECTION —

OPTION #2: Select
“Capture Screen”

Part 6: Save Data

e Layout Formulas
. . F-- =z Within the Data
Save As

S : ; Streamer menu is
f: New @ fecine + 13 ", H
N ST (B capture screen”; this
oo ] Capture .

Ccreen creates an image of

i the sheet shown that

[ e i Data Recording students can save.

:):‘ nk Spectroscopy Data Dashboard 0 mgdL -1 |

Share nl Spectroscopy Data Dashboard 0 mgdL -2

o ) Spectroscopy Data Dashboard 0 mgdl. -3

e ). Spectroscopy Data Dashboard 50 mgdL -1 PTI N # : Use ihe

i “Print Screen” shortcut.
# oase e BP0 ESEOE N

Using this keyboard
shortcut does the
same thing as screen
capture above, but
automatically saves
the image to your
“screenshots” folder.

OPTION #1: Select “File,” then “Save As.”
Suggestion: Save files using the following pattern:
“ClassPeriod_Group#_SameName™
“ClassPeriod_Grouplnitials_SameName”
e.g., "Hr1_ABC_TableSalt”




DATA COLLECTION —

Part 7: Record Data

SPECTROSCOPY LINE GRAPH DATA

& & &
K S S & S ST L K S L
W 0 W Y P P PP A

FCEfELS LSS S &

Juy
v
o

WAVELENGTH

8

|dentify the wavelength values where
“peaks” occur on the line graph (see left).

7]
=
w
| =
£
w
Q
<<
o
w
>
<

On the student worksheet, use a black
marker fo draw lines on the provided

spectrum at each of the wavelengths
WAVELENGTH where a peak occurred.




DATA COLLECTION —

Part 8: Reset Data
Baking Soda (NaHCO3) -

Press the reset button on
the Arduino.

1. Select the next — 1%, Data Fe
substance to be sampled
from the dropdown menu e
on the dashboard.

— e W

Recat Advanced
Click on the "Reset

Uata

Data” icon under the
data sfreamer menu.

Advanced




DATA COLLECTION —

Part 9: Repeat

Repeat the steps to

collect data for each of
the known samples and KNOWN A
the unknown sample.

KNOWN B




4. Post Lab

Final steps of the lab activity are
included in this section, including how
to analyze the data collected and
identify the unknown substance.



DATA
ANALYSIS

W
»\(a
WX

<& <&
AT q S Q Q
D S

WAVELENGTH

Once data and graphs are collected for the 3

known samples and 1 unknown, compare the

unknown graph and spectrum to the knowns
to identify the sample.

KNOWN A

WAVELENGTH

S . & & & &S S & & S & S <& <& <& S & &
S <,>(\ S (00 S (,)Q QO (00 QO (,)(‘ QQ (,)Q S o QQ S QQ Q(\
B P PSS KPS X AS & o

WAVELENGTH

KNOWN B

KNOWN C

WAVELENGTH




COMPLETE STUDENT HANDOUT

After identifying their unknown substance, students should complete the analysis questions on the
student handout.
%'

WHAT'S IN OUR STARS? 7~

ANALYSIS: Answer the questions below.

Using the specira diagrams you created, identify ine substanc:

specific imitations [

) that he spectometar you buit,

3. Refer o the lmitations you litad obove. WGt do you think an engineer mignt have fo change
in arger to atow for determining the compositan of a star 12 minim

. K E
4. Analyze fne specta date of our Sun and vanous elemants beiow. What in
uuuuuuu

o



Whats_In_Our_Stars_Lab_Handout_Answer_KEY.pdf
Whats_In_Our_Stars_Lab_Handout.pdf

Sources

Kramida, A., Ralchenko, Yu., Reader, J. and NIST ASD Team (2022). NIST Atomic Spectra Database
(version 5.10), [Online]. Available: https://physics.nist.gov/asd. National Institute of Standards and
Technology, Gaithersburg, MD. DOI: https://doi.org/10.18434/T4W 30F

Seidle, Nathan (Nate). Spectral Triad (AS7265x) Hookup Guide, [Online]. Available:
https://learn.sparkfun.com/tutorials/spectral-tiad-as7265x-hookup-

quidee ga=2.208195537.274963032.1659022095-1771007873.1658366162. SparkFun Electronics. Licensed
by CC BY-SA 4.0

il slidesgo


https://learn.sparkfun.com/tutorials/spectral-triad-as7265x-hookup-guide?_ga=2.208195537.274963032.1659022095-1771007873.1658366162
https://learn.sparkfun.com/tutorials/spectral-triad-as7265x-hookup-guide?_ga=2.208195537.274963032.1659022095-1771007873.1658366162
http://bit.ly/2PfT4lq
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