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Emission and Absorption Spectroscopy – Background 
 

As electrons move between the energy levels of an atom they can emit (Figure 1a) or 
absorb (Figure 1b) light energy.  If the electron is promoted, i.e. moves from a lower energy 
level to a higher energy level, the atom must absorb the energy by absorbing the light with 
energy exactly equal to the difference between the energy levels.  If the electron falls from a 
higher energy lever to a lower energy level it will release energy by emitting light.  By absorbing 
specific wavelengths of light, an electron moves from a lower energy level to a higher energy 
level.  Since every kind of atom has a different electronic configuration, the wavelengths of light 
absorbed or emitted by an atom are unique to that element.  It is like an atomic fingerprint.  The 
fingerprint recorded by measuring the unique wavelengths and intensities of light an atom 
absorbs is called the Atomic Absorption Spectrum.  The fingerprint recorded by looking at the 
wavelengths and intensities of light an atom emits is called the atomic emission spectrum.  For 
gaseous atoms, these spectra will be a series of discrete "lines" of different energies 
(wavelengths, frequencies) that can be detected throughout the electromagnetic spectrum.  We 
can directly observe the lines in the “visible” spectrum with our eyes, but many other lines 
outside the “visible” region exist and can be detected by specially designed spectrometers. You 
will want to refer to Chapter 5 of the textbook for more information. 

 

(a)  

(b)  
Figure 1. Energy levels and the movement of electrons during emission (a) and absorption (b) of 
light. (Published on Astronomy 801: Planets, Stars, Galaxies, and the Universe (https://www.e-education.psu.edu/astro801)) 
 

In this experiment you will be looking at the emission spectra of several different 
elements.  These elements are present in sealed glass tubes which contain a pure gas of the given 
element, like hydrogen, helium, neon, etc.  The tubes are placed in a special holder that passes an 
electrical current from one end of the tube to the other, like in a neon street sign. The electricity 
passing through the gas excites the electrons in the gaseous atoms and promotes them to higher 
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energy levels.  When they return to lower energy states, they emit characteristic wavelengths of 
light, i.e., an emission spectrum. Within every atom there are many different electronic 
transitions possible and we will be looking at the "visible" or colored wavelengths and their 
relative intensities. 

You will also examine colored aqueous solutions with ionic compounds dissolved in 
them.  Since they are compounds, and not simple atoms, they contain multiple atoms interacting 
through ionic and/or covalent bonds. The compounds themselves are also dissolved in water and 
interacting with the solvent too. Therefore, the spectra are more complex in appearance and 
generally appear as “bands” rather than discrete lines. 
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Emission and Absorption Spectroscopy – Procedure 
(Modified from MicroLab by Dr. Elvin A. Alemán 08/19/2014) 

 
Purpose:  In this experiment, emission and absorption spectra are examined to: 

• test the validity of the simple Bohr model for the hydrogen atom 
• explore the spectrum of three known gases 
• learn to calibrate a spectrometer using a known spectra source, and then use this 
calibration graph and equation to identify unknown spectral lines with an accuracy of 
about 1 nm. 
 

 
Procedure: 

There are various stations located around the lab with Microlab visual spectrometer 
setups (Figure 1).  Each with different light sources around the setups. At each station you are 
required to record observations using the spectrometer and record information that is required in 
the data table for each known gas.  The stations may be done in any order.  Success in this 
laboratory exercise is strongly dependent on your ability to make and record accurate 
observations.  At each station make sure that you enter into your lab book an accurate record of 
what you observed.  Remember, both intensity (relative brightness) and wavelength will be 
important data to record.   

 
Figure 1. MicroLab’s Visual spectrometer setup. 

 
 The MicroLab’s spectrometer measures both atomic emission and molecular absorption 
spectra. A fiber optic cable (Figure 2a) brings in a sample spectrum in wavelength alignment 
with a reference spectrum. A variable slit assembly (Figure 2b) can place three different slits in 
the light path. You can see the effect of changing slit width on resolution (smaller is better) and 
on light throughput (larger is better). The fiber optic cable adapter places the spectrum at the 
bottom of a slit (Figure 2c). Light entering through the slot illuminates the top of the slit. This 
produces two spectra, one above the other, in wavelength alignment. To study the emission lines 
of different gases we will use the upper input for the reference sample (Helium lamp) and the 
lower input to handle the other gas samples. Therefore, you will put the Helium gas lamp in the 
front of the instrument, into the slit, and the light input of the other gases will come to the same 
slit but via the flexible fiber-optic cable. Spectra of the two light sources can be viewed 
simultaneously, in wavelength alignment.  
 

 
 

 

The Spectrometer’s  sensor  is an inexpensive digital point-and-shoot or cell phone camera.   Point-and-shoot or SLR cameras work better 

because their sensors are larger, but cell phones give acceptable results. 

Even a 3 MB camera has a sensor that is about 2000 pixels across. This is 

about 20 times the resolution of a $500 educational diode array 

spectrophotometer. 

 

Because  the  camera’s  CCD  sensor  is  designed  to  take  high  quality  colored  
pictures, it is sensitive across the whole visible spectrum.  Inexpensive 

diode array spectrophotometers have poor sensitivity in the blue. 

 

Data analysis is provided by powerful image analysis software. 
Image J is a photographic pixel density analysis program developed for life-

sciences researchers by the National Institutes of Health. It is available 

without charge on their web site. The software has open-source Java code, 

and users are encouraged to adapt it to their applications.  A  user’s  group  
of about 17,000 people use and contribute to this code.  Image J is 

extremely easy to use –in this application the student just draws a box 

around the spectrum of interest, clicks the mouse, and the intensity profile 

of the spectrum is calculated and displayed. 

Atomic  Spectra  /  MicroLab’s  Visual 
Measuring Atomic Spectra 

Meas 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

436 nm                                      546 nm                            578 nm 

MicroLab’s Model 143 camera mount easily 
holds a point-and shoot camera. You can also use a small 

tripod to hold the camera. The grating/lens area is covered 
with a black cloth to shoot the photo.  A cell phone can 

simply be held up to the grating. 

This is a point-and-shoot camera 
photo of the spectrum of an 
unknown gas with a fiber-optic 
mercury spectrum in wavelength 
alignment below it.   The student 
draws the yellow analysis box with 
a mouse, wide enough to cover 
both the reference and unknown 
spectra.   
 
Software instructions are provided 
on the facing page. 

Clicking  “Analysis”  and  “Plot  
Profile”  produces  an  Image J 
plot for this mercury reference 
spectrum.  The plot shows three 
distinct peaks at known spectral 
lines of 436 nm (violet), 546 nm 
(green), and 578 nm (yellow). 
The list view to the left shows 
the 546 nm line peaking at 683 
pixels. 

Visualize & 
Measure 

Graph 

Create a          
Math Model 

Predict 

Test 

Visualize and Measure 

Graph 

Create a Math Model This Excel calibration chart correlates 
pixel position with wavelength. The 

regression line shows that each pixel 
represents 0.1836 nm. Note the quality of 

data – four  nine’s  in  the  correlation  
coefficient. 
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a.  b.  c.  
Figure 2. Optical parts of the MicroLab visual spectrometer. 

 
 The spectrometer can also be used to bridge the gap between visual, conceptual 
observation and quantitative measurement of absorption spectra. If you place a vial of colored 
liquid in the visual spectrometer (Figure 3a-b), remove the fiber optic cable adapter (Figure 2c), 
and look at a white light source, you can view the absorption bands (top) together with a 
continue white reference spectrum (bottom).  

a.  b.  
Figure 3. Spectrophotometry setup with MicroLab visual spectrometer. 

 
 
Stations 1-2.  Observe the Helium Discharge Lamp and sample gas lamps 

 
Look toward the Helium lamp through the spectrometer. You should see a spectrum (at 

least 6 lines for Helium) by centering the slit on the light source and then looking to either side 
inside the spectrometer (Figure 4). The spectrum is formed by the bright lines of the interference 
patterns of the various wavelengths making up the spectrum. Mount the camera like illustrated in 
Figure 1, and zoom in the spectrum region. Make sure that the camera is using the mode for 
night light (protocol attached). 

 

 
Figure 4. Line up of the spectrometer to see the light source through the slit. 

 
Now install the fiber optic adapter (it might be already installed if another group used the 

station before your group). Put the fiber optic in front of one of the two sample gas lamp next to 
the spectrometer. You might have to hold the fiber optic head (sphere) using a small clamp. DO 
NOT BEND THE FIBER OPTIC CABLE AS IT MIGHT BREAK!!!! Cover grating/lens 

 
 

    
 
 
 
 
 
 
 

 
 
Measurement of atomic emission spectra is the foundation on which our        
understanding of the electronic structure of atoms is built.   

Would you like your students to … 
 

x Understand atomic emission spectra?  How about Absorbance,  Beer’s  Law, and 
how to choose an analytical wavelength?  

 
x See real emission spectra in full color, as well as the spectral profile graph? 

 
x Learn to quickly calibrate a spectrometer using a known spectral source, and then 

use this calibration graph and equation to identify unknown spectral lines with an  
accuracy of about 1 nm? 

 
x Have  a 1000+ channel visible region diode array spectrophotometer with                      

1 nm accuracy and 4 nm FWHM available for each of your students?   

Would you like to pay less than $200 for this instrument?   

Check  out  MicroLab’s new Model 141 Visual Spectrometer (Pat Pend). It is rugged, 
affordable, and easy-to-use.  Couple it with a point-and-shoot  or cell phone camera and 
the included  fiber optic adapter, and you have a powerful calibrated emission 
spectrophotometer.  

Use it with  MicroLab’s  FS-522 FASTspec™ scanning spectrophotometer, and students 
will bridge the gap between visual observation and quantitative measurement of color 
and absorbance. 
 

A Versatile High-performance Spectrometer 
 

 
 
The  optical  part  of  this  instrument  is  MicroLab’s  Model 141 Visual 
Spectrometer.  It measures both atomic emission spectra and molecular 
absorption spectra.  A large 500 line/mm diffraction grating and an 
adjustable 3-position slit work with the focusing lens to produce sharp slit 
images and bright spectral lines.    
 

 
 
 
 

 
The Visual Spectrometer has two light inputs.  One is 
directly in the front of the instrument, into the slit.   
The other light input comes to the same slit but via a 
flexible fiber-optic cable.   Spectra of the two light 
sources can be viewed simultaneously, in wavelength 
alignment. 

The fiber optic cable adapter places the 
reference spectrum at the bottom of the slit. 
Light entering through the slot illuminates the 
top of the slit. This produces two spectra, one 
above the other, in wavelength alignment.  For 
absorption spectra, the upper input can handle 

both a blank and the sample. 

The variable slit assembly can 
place three different slits in the 
light path. Students can see the 
effect of changing slit width on 

resolution (smaller is better) and 
on light throughput (larger is 
better). Every spectrometer’s 

design is a compromise. 

MicroLab’s Visual Spectrometer measures both atomic emission 

and molecular absorption spectra. A fiber-optic cable brings in a 
known reference spectrum in wavelength alignment with the 

other spectra. 

Light from the helium source (right) is captured by the 
Visual Spectrometer, photographed by the point-and-shoot 
camera, displayed on the monitor, and its spectral profile 

plotted below with Image J software. 

MicroLab’s Visual 
Spectrometer 
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More Spectrophotometry with MicroLab:   Molecular Absorption Spectra and FASTSpec™ 
 
Absorption spectrophotometry is the workhorse of 
analytical chemistry.   Measurements are quick, 
accurate, inexpensive, and usually take little sample 
preparation. However, although spectrophotometry is 
based on color, it is almost always taught with 
instruments that present a sterile black-and-white view 
of a conceptually colorful and interesting science. 

Students  can  use  MicroLab’s  Visual  Spectrometer  and  our FS-522 FASTspec™ scanning 
spectrophotometer to bridge the gap between visual, conceptual observation and 
quantitative measurement of absorption spectra. 

If you place a vial of colored liquid in the Visual Spectrometer and look at a white light source (the sky, or an incandescent white light 
bulb), you can view the absorption bands together with a continuous white reference spectrum (above).   This  food dye sample looks 
green because it absorbs blue/violet and red light.  The absorption bands are real and highly visual.    
 
Working  from  measured  absorbance  data,  MicroLab’s  FASTspec™  scanning spectrophotometer  
creates the same visual display (below, with the blank now on top)  to provide  students both 
visual and quantitative display of  absorption spectra with every scan.   
 

Beer’s  Law – Selection of an Analytical Wavelengths 
 
Selection of a wavelength for Beer’s  Law  experiments  is  counter-intuitive. Students find it hard 
to understand because it is the light that is absorbed that counts, not what comes through the 
colored sample.  Conventional wisdom is to choose green light for a green sample. What is 
going on here?  You have to think absorbance.   Here’s  how  it  works  with  MicroLab: 
 

 
 

 
 
 
 
 
 
 
These four figures represent 
spectral scans of the five green food 
dye samples pictured above, using 
MicroLab FS-522’s  FASTspec™  scanning  
spectrophotometer.  
 
The difference between these graphs is the choice of analytical wavelength, which determines 
the molar absorptivity constant of the sample. The slope of the Absorbance / Concentration 
graph is determined by the molar absorptivity constant and the path length.  Path length is held 
constant by using the same diameter vials.   
 
The first graph violet has a greater slope and thus greater analytical sensitivity than the blue 
measurement because the molar absorptivity is greater at the violet wavelength.  
 
The green measurement has the least sensitivity because the absorbance of the sample is least in 
the green region.  
 
The red measurement illustrates the  effect  of  deviations  from  Beer’s  Law  at  high  absorbance.    
When absorbance is high, very small amounts of stray light become significant and lower the 
observed absorbance  at the detector. A non-linear curve fit works for concentration, though the 
errors in measuring an unknown become much greater as the curve flattens out.   All of this can 
be explored easily with a few mouse clicks.  

Compare visual absorption spectra 
of blank and sample. Identify 
absorption bands. 

Associate visual and graphic 
displays of absorption spectra.  
Choose analytical wavelength. 

Correlate  Beer’s  Law  sensitivity  with  

wavelength and the molar 
absorptivity constant (slope). 
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List the colors you see in the spectroscope, in order of increasing frequency and decreasing
wavelength:

      __________    __________    __________    __________    __________    __________

Increasing frequency                                              
       

Decreasing wavelength
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area should be covered with a black cloth to shoot the photo. Take the picture! Verify the picture 
using the display mode of the camera (or cellphone) and take another picture if needed. NOTE: 
The camera might be controlled using the computer next to the spectrometer. Put the fiber optic 
in front of the other lamp and repeat the procedure above to observe and take pictures of the 
emission lines. Then move to next station where you will find two more sample lamps.  

 
Station 3. Molecular Absorption Spectra of color solutions 

With the spectrometer, observe the absorption spectrum coming from the white light of 
the lamp. Record what you see. Now, using the spectrometer, observe the light that passes 
through the CuSO4(aq), NaCrO4(aq), FeSO4(aq), and Co(NO3)2 solutions by putting a vial of the 
liquids in the visual spectrometer as illustrated in Figure 3. Record in your notebook the 
similarities and differences between the white light and each colored solution. Consider the 
descriptions provided in the table below in assessing these spectra. 

 
 
DATA ANALYSIS 
 
Measuring Atomic Spectra 
 Image J is a photographic pixel density program developed for life-science researchers by 
the National Institute of Health. It is available without charge on their website. The software has 
open-source Java code, and users are encouraged to adapt it to their applications. Image J is 
extremely easy to use to calculate the intensity profile of the spectra. For example, in Figure 5, 
we observe a point-and-shoot camera photo of the spectrum of Helium with a fiber optic 
spectrum of Mercury in wavelength alignment below it. If we load Image J on the computer, we 
will see this toolbar with the key controls circled: 

 

color absorbed
wavelength range 
absorbed  (nm)

color observed

violet 400-435 yellow-green

blue 435-480 yellow

green-blue 480-490 orange

blue-green 490-500 red

green 500-560 purple

yellow-green 560-580 violet

yellow 580-595 blue

orange 595-605 green-blue

red 605-750 blue-green
Table summarized from Thermospectronic “Basic UV/Vis Theory, 
Concepts and Applications.”

 
 

 

 
------------------------------------  

Using Image J 
 

1. Load Image J on your computer. You will see this  
toolbar.  Key controls are circled. 

 
 
 
 
 

 
2. Click on File.  Choose Open.  Select  your spectrum  

photo from the camera memory card inserted in your 
computer, or  import it via USB cable. 
 

3. Click on the rectangle below “File” in the Image J 
Tool bar.  Using your mouse, draw a rectangle around 
the reference spectra, taking care that the rectangle is long 
enough to subsequently hold all of the unknown spectral lines. 
 

4. Click  “Analyze” on  the  Image  J  tool  bar,  and  chose  “Plot 
Profile”.    Image J will draw a pixel intensity profile across  
your spectrum. 
 

5. Determine the pixel position of each of the reference 
spectrum Lines.  You can identify the peak of each spectral line by placing your mouse on top of the peak, or by clicking the 
“List” button at the lower left of the spectrum profile display. You can scroll up or down to locate the exact position of the 
center of each spectral line. 
 

6. Plot these reference spectra points in Excel, pixel position (x) against wavelength (y).  Run a regression line through your points 
to determine the equation for the calibration line. 
 

7. Carefully click in the yellow box surrounding your reference spectrum, and use the UP arrow key to move the box straight up so 
that it encloses the unknown spectra.  It is not essential to enclose the entire height of the unknown spectrum, but it is essential 
to move the box straight up so that it remains in wavelength alignment with the reference spectrum. You cannot move the box 
straight up with the mouse. 
 

8. Measure the pixel positions of each of the unknown spectral lines, and use the calibration equation to calculate their 
wavelengths. 
 

Demo CD 
The MicroLab Visual Spectrometer Demo CD includes a copy of 
the NIH Image J software, which is in the public domain.  The CD 
also includes a sample photographic spectrum of a mercury 
reference  and  a  helium    “unknown”.   Image J may be freely 
downloaded from the NIH website, http://rsbweb.nih.gov/ij. 

True Helium Wavelengths 

Violet 443.7 nm 

Violet 447.1 nm 

Blue 471.3 nm 

Blue 492.2 nm 

Cyan 501.6 nm 

Yellow 587.6 nm 

Red 667.78 nm 

Predict 

Test 

Visualize, Measure 

The calibration equation is used to convert the pixel position of each line 
into wavelength.  The yellow line is at 909 pixels. Note that this spectrum 
has 1400 channels. 

Wavelength = 0.1836 * pixel position + 419.68nm 

Predict:  Wavelength = (0.1836 * 909 pixels) + 419.68 nm 
Wavelength = 586.6 nm 

The Image J analysis window was moved up into the 

unknown spectrum in this photo. The result of this 

analysis is shown to the right.  Six spectral lines are 

clearly visible.   Note high sensitivity in the blue. 

Ordering Information: 
Model 141 Visual Spectrometer & Fiber Optic Cable $ 139 
Model 143 Camera Mount    $   69 
Model 146 Visual Spectrometer Package (141 + 143) $ 199 
Spectrometer Includes software. 

909 
pixels 

Error = (587.6 nm – 586.6 nm)/587.6 nm 

= 0.170% 



Spectroscopy – Procedure  P-4 

Click on File. Choose Open. Select the spectrum photo from the camera memory card inserted in 
the computer, or import it via USB cable. Click on the rectangle below “File” in the Image J 
Tool bar. Using the mouse, draw a rectangle around the Mercury spectra, taking care that the 
rectangle is long enough to subsequently hold all of the spectral lines of Helium (Figure 5). 

 
Figure 5. Camera photo of the spectrum of Helium with a fiber-optic mercury spectrum. 

 
Click “Analyze” on the Image J tool bar, and chose “Plot Profile”. Image J will draw a pixel 
intensity profile across your spectrum (Figure 6). Determine the pixel position of each of the 
reference spectrum Lines. You can identify the peak of each spectral line by placing your mouse 
on top of the peak, or by clicking the “List” button at the lower left of the spectrum profile 
display. You can scroll up or down to locate the exact position of the center of each spectral line. 

 
Figure 6. Image J plot for the mercury spectrum 

 
The plot shows three distinct peaks at known spectral lines of 436 nm (violet), 546 nm (green), 
and 578 nm (yellow). If you plot these mercury spectra points in Excel, pixel position (x) against 
wavelength (y) and run a regression line through these points, we can determine the equation for 
the calibration line.  

 
Figure 7. Excel calibration curve to correlate pixel position with wavelength for the mercury 
spectrum. 

 
 

 

The Spectrometer’s  sensor  is an inexpensive digital point-and-shoot or cell phone camera.   Point-and-shoot or SLR cameras work better 

because their sensors are larger, but cell phones give acceptable results. 

Even a 3 MB camera has a sensor that is about 2000 pixels across. This is 

about 20 times the resolution of a $500 educational diode array 

spectrophotometer. 

 

Because  the  camera’s  CCD  sensor  is  designed  to  take  high  quality  colored  
pictures, it is sensitive across the whole visible spectrum.  Inexpensive 

diode array spectrophotometers have poor sensitivity in the blue. 

 

Data analysis is provided by powerful image analysis software. 
Image J is a photographic pixel density analysis program developed for life-

sciences researchers by the National Institutes of Health. It is available 

without charge on their web site. The software has open-source Java code, 

and users are encouraged to adapt it to their applications.  A  user’s  group  
of about 17,000 people use and contribute to this code.  Image J is 

extremely easy to use –in this application the student just draws a box 

around the spectrum of interest, clicks the mouse, and the intensity profile 

of the spectrum is calculated and displayed. 
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436 nm                                      546 nm                            578 nm 

MicroLab’s Model 143 camera mount easily 
holds a point-and shoot camera. You can also use a small 

tripod to hold the camera. The grating/lens area is covered 
with a black cloth to shoot the photo.  A cell phone can 

simply be held up to the grating. 

This is a point-and-shoot camera 
photo of the spectrum of an 
unknown gas with a fiber-optic 
mercury spectrum in wavelength 
alignment below it.   The student 
draws the yellow analysis box with 
a mouse, wide enough to cover 
both the reference and unknown 
spectra.   
 
Software instructions are provided 
on the facing page. 

Clicking  “Analysis”  and  “Plot  
Profile”  produces  an  Image J 
plot for this mercury reference 
spectrum.  The plot shows three 
distinct peaks at known spectral 
lines of 436 nm (violet), 546 nm 
(green), and 578 nm (yellow). 
The list view to the left shows 
the 546 nm line peaking at 683 
pixels. 
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Create a Math Model This Excel calibration chart correlates 
pixel position with wavelength. The 

regression line shows that each pixel 
represents 0.1836 nm. Note the quality of 

data – four  nine’s  in  the  correlation  
coefficient. 
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Spectroscopy – Procedure  P-5 

If carefully click in the yellow box surrounding the mercury spectrum, and use the UP arrow key 
to move the box straight up so that it encloses the Helium spectra (Figure 8a). It is not essential 
to enclose the entire height of the spectrum, but it is essential to move the box straight up so that 
it remains in wavelength alignment with the reference spectrum. YOU CANNOT MOVE THE 
BOX STRAIGHT UP WITH THE MOUSE.  

a.  b.  
Figure 8. Image J analysis of Helium spectral lines. 

 
If we measure the pixel positions of each Helium spectral lines, and use the calibration equation, 
we can calculate their wavelengths. For example, the yellow line is at 909 pixels and by using 
the calibration curve we can determine the wavelength, which is 586.6 nm. The accepted value in 
the literature for this line is 587.6 nm (0.170 % error). 
 

The same procedure can be used to find the wavelength (nm) of the 7 lines that make up 
the He spectrum.  The accepted values of Helium are: 667.78 (red), 587.6 (yellow), 501.6 
(cyan), 492.2 (blue), 471.3 (blue), 447.1 (violet), and 443.7 nm (violet).   

 
You will use Helium as your reference spectrum to build the calibration curves and 

determine the wavelengths of the spectral lines of the other gas samples. You must use a new 
calibration curve to correct the measurements you make for each gas. 

 
Observe the Hydrogen Discharge Lamp 

Use the protocol explained above to determine 
emission lines in the visible spectrum of hydrogen.  
Use your calibration curve to correct your observed 
wavelengths.  Determine the values of ni and nf for 
the initial (higher) and final (lower) energy level for 
each emission wavelength observed.  To do this, 
match your corrected, observed wavelengths to a 
wavelength, and its related transition from Figure 9.  
Report the transitions (ni → nf) that best fit your 
observed (corrected) wavelengths.  Also, use the 
Rydberg equation below to calculate and report the 
energy (kJ/mole) of the transition responsible for each 
of these three lines. 
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Using Image J 
 

1. Load Image J on your computer. You will see this  
toolbar.  Key controls are circled. 

 
 
 
 
 

 
2. Click on File.  Choose Open.  Select  your spectrum  

photo from the camera memory card inserted in your 
computer, or  import it via USB cable. 
 

3. Click on the rectangle below “File” in the Image J 
Tool bar.  Using your mouse, draw a rectangle around 
the reference spectra, taking care that the rectangle is long 
enough to subsequently hold all of the unknown spectral lines. 
 

4. Click  “Analyze” on  the  Image  J  tool  bar,  and  chose  “Plot 
Profile”.    Image J will draw a pixel intensity profile across  
your spectrum. 
 

5. Determine the pixel position of each of the reference 
spectrum Lines.  You can identify the peak of each spectral line by placing your mouse on top of the peak, or by clicking the 
“List” button at the lower left of the spectrum profile display. You can scroll up or down to locate the exact position of the 
center of each spectral line. 
 

6. Plot these reference spectra points in Excel, pixel position (x) against wavelength (y).  Run a regression line through your points 
to determine the equation for the calibration line. 
 

7. Carefully click in the yellow box surrounding your reference spectrum, and use the UP arrow key to move the box straight up so 
that it encloses the unknown spectra.  It is not essential to enclose the entire height of the unknown spectrum, but it is essential 
to move the box straight up so that it remains in wavelength alignment with the reference spectrum. You cannot move the box 
straight up with the mouse. 
 

8. Measure the pixel positions of each of the unknown spectral lines, and use the calibration equation to calculate their 
wavelengths. 
 

Demo CD 
The MicroLab Visual Spectrometer Demo CD includes a copy of 
the NIH Image J software, which is in the public domain.  The CD 
also includes a sample photographic spectrum of a mercury 
reference  and  a  helium    “unknown”.   Image J may be freely 
downloaded from the NIH website, http://rsbweb.nih.gov/ij. 

True Helium Wavelengths 

Violet 443.7 nm 

Violet 447.1 nm 

Blue 471.3 nm 

Blue 492.2 nm 

Cyan 501.6 nm 

Yellow 587.6 nm 

Red 667.78 nm 

Predict 

Test 

Visualize, Measure 

The calibration equation is used to convert the pixel position of each line 
into wavelength.  The yellow line is at 909 pixels. Note that this spectrum 
has 1400 channels. 

Wavelength = 0.1836 * pixel position + 419.68nm 

Predict:  Wavelength = (0.1836 * 909 pixels) + 419.68 nm 
Wavelength = 586.6 nm 

The Image J analysis window was moved up into the 

unknown spectrum in this photo. The result of this 

analysis is shown to the right.  Six spectral lines are 

clearly visible.   Note high sensitivity in the blue. 

Ordering Information: 
Model 141 Visual Spectrometer & Fiber Optic Cable $ 139 
Model 143 Camera Mount    $   69 
Model 146 Visual Spectrometer Package (141 + 143) $ 199 
Spectrometer Includes software. 

909 
pixels 

Error = (587.6 nm – 586.6 nm)/587.6 nm 

= 0.170% 
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Spectroscopy – Procedure  P-6 

Molecular absorption spectra of aqueous solutions 
 
Use your data to explain why CuSO4(aq) appears blue, why NaCrO4(aq) appears yellow, why 
FeSO4(aq) appears green, and why Co(NO3)2(aq) appears red.  Which wavelengths are absorbed 
and which are transmitted? 
  
Results 
 

1. Tabulate the wavelength of the spectral lines of the gas samples that you analyzed. 
2. Tabulate the emission wavelength, the ni and nf values, and the ΔE (kJ/mole) value for 

each transition observed for the Hydrogen sample. Compare (% error) the wavelength of 
these transitions with those found in the literature.  

3. Tabulate the wavelength range absorbed, the color absorbed, and color observed for each 
aqueous solution. 


