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0 Introduction 

Welcome to the manual “Introduction to Spectroscopy”. This manual will guide you through 

the next three days of laboratory work, where you will learn about how a spectrometer works. 

The manual provided will help to guide you through the procedure if you follow along closely. 

However, remember that your assistants are always there to help you out when you get stuck 

or have questions. Please listen to your assistants safety instructions and try to follow the 

instructions of the manual as precisely as possible in order to ensure a safe working environment 

and the best results. I hope you enjoy the laboratory! 

0.1 Set-up of the Manual 

The set-up of the manual follows the structure of the manual “An Introduction to Drinking 

Water Analysis” [1] in order to save you the time of having to adopt to a different structure. 

Because the lab is designed to be conducted over three days the manual is divided into three 

main chapters, completed with a glossary, list of figures and bibliography. 

The boxes you will find throughout the manual are designed to help you orientate yourself more 

quickly and notice the important aspects of a topic: 

• Yellow highlighting: 

This highlighting means that you are not allowed to go on without getting important 

instructions from your assistant.  

• Bold, blue writing: 

This code means that the word is a keyword with an important definition that can 

be found in the glossary at the end of the manual. 

• Orange box: learning expectations 

 

 

• Blue box: task box 

 

 

 

• Clock symbol: working time 

The clock tells you the time that you will need in order to complete the unit. Once 

your group is done please do not disturb the other groups. Either wait for the next 

task or continue on with the manual. 

 

In this box you will find what you are supposed to learn in the course of the next unit. 

Please read these learning expectations carefully before starting with the unit! 

In this box you will find the tasks you need to complete throughout the next unit. Solutions 

for study questions will be provided in the solutions section at the end of each day. 

5 min 
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0.2 Set-up of the Laboratory 

The laboratory is designed to be worked through in 3 days with 3 hours each. Figure 1 below 

provides an overview of the topics covered by the lab and what will happen during the 

respective days. 

Schedule of the laboratory: 

 

Figure 1: Lab schedule. 

0.3 Safety Instructions 

Please, make sure you must always wear a lab coat and safety goggles during your stay in the 

laboratory in order to ensure the best protection of your eyes and skin. Also be mindful of others 

and try to work as responsibly and courteously as possible to not risk harming yourself or others. 

Any amount of chemicals could potentially endanger you or your environment, so proceed with 

the necessary caution and do not hesitate to ask your assistant when you are unsure about an 

experiment. 
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1 Day I - Light 

1.1 The Scientific Method 

As scientists examine and gather information about the world, they follow a typical process 

called the scientific method. It begins with an observation or question that the scientist will 

then investigate. Next, the scientist typically performs some research about the topic and then 

constructs a hypothesis. After that, the hypothesis will be tested by performing an experiment. 

Finally, the scientist analyzes the results of the experiment and draws a conclusion. Note that 

this often leads back to another question, which is why the scientific method is often considered 

a circle as illustrated in Figure 2. [2]  

 

Figure 2: The scientific method depicted in a circle. 

In the following workshop you are now asked to apply the scientific method. The manual as 

well as your assistants will guide you through the process. Do not hesitate to ask for help when 

needed.  
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1.2 Introduction – Mind Map 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the following workshop everybody gathers around a central board and will create a mind 

map about LIGHT together.  

Please wait for further instructions from your assistants and then start on the mind map. 

 

 

  

Create a mind map for the central concept of light 

Learning expectations: 

• Activating existing knowledge about light 

• Expanding knowledge about light 

• Creating a cooperative learning base on which to build upon 

• Using the scientific method in order to gain scientific knowledge 

QUESTION: 

What is light? 

1 

  15 min 
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1.3 Properties of Light  

 

 

 

 

 

 

 

 

 

 

1.3.1 Light as a Wave 

 

 

 

 

 

In this workshop you will look at the different properties of light.  This knowledge is important 

so you can ultimately understand how a spectrometer works, and bring light into the darkness 

of this previously “black box” like equipment. 

Visible light, as it is used it in UV/VIS spectrometers, is a form of energy called 

electromagnetic radiation which we can see as humans, there are also other ranges in of 

electromagnetic radiation which are invisible to us. This energy is contained in discrete units 

called photons that have the properties of both particles and waves. For this laboratory you will 

take a closer look at the wave like properties of light. 

 

But first let us discuss what defines a wave: 

Waves are disturbances that travel through space with a finite velocity. An example of such 

would be the collective motion of water molecules in the waves of an ocean. Waves can be 

characterized by a wave equation, a differential equation that describes the motion of the wave 

in space and time. Harmonic waves are waves with displacements that can be expressed as sine 

or cosine functions. These concepts are used in classical physics to describe the wave character 

of electromagnetic radiation (e.g. light), which is the focus of the following theory. 

 

Learning expectations: 

• Understanding the different properties of light (characterization of light) 

• Understanding the fundamentals of the wave characteristics of light 

• Conducting individual experiments in groups, while working as a team 

• Working with the scientific method 

• Read through the theory part of the experiment and explain and discuss the theory 

together (background research) 

• Set up the experiment and conduct it as a team 

• Work according to the scientific method   50 min 

RESEARCH 

2 
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The electromagnetic field: 

In classical physics, light is considered part of the electromagnetic spectrum and understood 

in terms of the electromagnetic field, an oscillating electric and magnetic disturbance that 

spreads as a harmonic wave through empty space, the vacuum. The wave travels at a constant 

speed called the speed of light, �, which is about 3 × 10�			
�� . This allows us to 

conveniently depict light waves as seen in Figure 3. 

 

Figure 3: The wavelength, , of a wave is the peak-to-peak distance. The wave propagates in one direction. According to [3]. 

The electromagnetic field is characterized by a wavelength, �	(������) [SI unit m], the 

distance between the neighboring peaks of the wave, and its frequency, �	(��), the number of 

cycles per second that occur at a given point. The frequency is measured in hertz, where 1	�� =
1	
��. The wavelength and frequency are related by 

	� = �	. 
Therefore, the shorter the wavelength, the higher the frequency (compare Figure 4). 

 

Figure 4: Relationship between wavelength and frequency. 

Light that consists of only one wavelength is defined as monochromatic light. This means it 

is only one color. A typical example of a source of monochromatic light is a laser. 

The characteristics of a wave are also reported by giving the wavenumber, ��	(��	 !��"), 
which is the inverse of the wavelength, 

�� = �
� = 1

	. 
A wavenumber can be interpreted as the number of complete wavelengths in a given length. 

Wavenumbers are normally reported in reciprocal centimeters �	��, so a wavenumber of 

5	�	�� indicates that there are five complete wavelengths in 1 cm. Figure 5 below, summarizes 

the electromagnetic spectrum, the description and classification of the electromagnetic field 

according to its frequency and wavelength. The spectrum can be divided into various parts with 

labels for specific wavelength ranges of radiation. In light blue the figure also names the 
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principal effects that the radiation has on atoms and molecules, in other words what happens to 

the atom/molecule when hit by radiation of a certain wavelength. 

 

Figure 5: The electromagnetic spectrum classifying the different spectral regions. [3] 

According to Einstein [4] the energy $, stated in Joule [J], of electromagnetic radiation is 

proportional to its frequency �; $~�. With the proportionality constant ℎ = 6.626 × 10�)*+
, 

which is known as Planck’s constant, we obtain the equation: 

$ = ℎ × � 

As the propagation velocity (how fast the wave can travel) of electromagnetic radiation in a 

vacuum is a constant � = 3 × 10�			
��	, wavelength and frequency are correlated according 

to: 

� = �
	, 

and 

$ = ℎ	�
 	. 

Therefore, energy and wavenumber indirectly proportional to each other 

$~1
	. 

 

 

 

 

 

 

 

 

 

 

Before you move on to do your first experiment, please answer the following study 

questions to check if you understood the content. There is one question for every group 

member, so please make sure that all of you get a chance to speak. 

• Describe what light is. 

• Explain why light is considered part of the electromagnetic spectrum. 

• Outline how energy, wavelength and frequency are related to each other. (For 

example what happens when increasing/decreasing one or the other?) 

Please check your solutions with the help of an assistant. The answers are in their 

manuals. 



Day 1 - Light 

9 

 

For further and more detailed information about the wave properties of light please consult: 

P. W. Atkins, J. de Paula: Physical Chemistry. Oxford UP, Oxford, 9th ed., 2010. Chapter 7.1 

and 7.2. 

M. Hesse, H. Meier, B. Zeeh: Spectroscopic Methods in Organic Chemistry. Thieme. Chapter 

1. 

W. Schmidt: Optical Spectroscopy in Chemistry and Life Sciences. Wiley-VCH. Chapter 2.2. 

 

 

 

 

1.3.2 Double Slit Experiment: 

 

Materials: 

• Laser 

• Double slit 

• White background (e.g. white paper, white wall) 

 

Experiment instructions: 

Set up the laser pointer so it aims directly at the double slit. The white background should be 

about 30 cm away. Do not use the laser yet. Compare with the set up in Figure 6. 

 

Figure 6: Set-up for the double slit experiment. 
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Construct a hypothesis about how the double slit changes the light beam. When making that 

prediction consider what you have learned about laser light, and how light behaves like a wave. 

Write down your hypothesis and then call your assistant to explain it to him/her. Only move on 

after doing so. 

 

 

 

 

Now test your hypothesis: Let the laser (red and then green) shine through the double slit and 

observe what happens with the beam of light. (Note: you may have to adjust the laser slightly, 

it needs to be aimed directly at the double slit. You also may have to adjust it again for the green 

light). 

 

 

 

 

Compare the results with your hypothesis. Was your hypothesis correct? If the result was 

different, why? What conclusion can you draw about the properties of light from that 

experiment? 

  

Test 

HYPOTHESIS 

4 

Draw 

CONCLUSION 

5 

Construct 

HYPOTHESIS 

3 
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Results and conclusion: 

Maybe you predicted in your hypothesis that the laser would create a pattern of two exact lines 

as can be seen in Figure 7. 

 

Figure 7: Predicted outcome of the double slit experiment if light behaved like a particle. [5] 

This would be the result if light behaved like a particle. The light particles would not interact 

with each other and pass straight through the two slits to create two lines. Think of it like bullets 

flying through two slits. 

But the resulting pattern that appears in the experiment is different. 

A picture of many parallel lines occurs, as seen in Figure 8. 

 

Figure 8: Observed pattern of the double slit experiment. 

Somehow the light gets split up into many beams. This phenomena can be explained when 

looking at light behaving like a wave and is called interference. If two light waves occupy the 

same region of space at the same time they can add together, or interfere, to form a product 

wave. When two identical waves are exactly in step then they will add to produce a resultant 

wave with twice the amplitude (comp. Figure 9 (a)), this is called constructive interference. 

If the two waves are out of step the resultant amplitude will be less due to destructive 

interference (comp. Figure 9(b)). 

 

Figure 9: (a) Example of constructive interference: both waves have the same wavelength but vary in amplitude, the 

resultant wave is the sum of both wave amplitudes. (b) Example of destructive interference: the waves overlap and therefore 

decrease the amplitude of the resultant wave. [6] 
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In the double slit experiment we get a lot of parallel lines because the light waves cancel each 

other out in some regions while in others they overlap and create a maximum that is visible to 

us as a line of light. An illustration of how the double slit works is shown in Figure 10. This 

shows us how light behaves like a wave, as we can observe the same results of wave maxima 

and minima when throwing two stones into a pond at the same time, resulting in a complex 

pattern. 

 

Figure 10: Constructive interference with a double slit. Adapted from [7]. 

 

 

 

 

 

 

 

 

 

 

 

 

For further information on interference please refer to: 

R. J. D. Tilley. Colour and Optical Properties of Materials. 2000. P. 6. 

 

  

Please answer the following study questions. Some can be answered with the help of 

the given information, some need to be discussed and judged by the outcome of the 

experiment. There is one question for every group member, so please make sure that all 

of you get a chance to speak. 

• Summarize how you used the scientific method in this experiment to gain 

knowledge about light. 

• Explain which properties of light the double slit experiment proofs. 

• Describe interference. 

Please check your solutions with the help of an assistant. The answers are in their 

manuals. 
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1.4 Properties of White Light 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This part of the laboratory will help you understand what white light is. 

 

 

 

 

In the previous sections you have already learned a lot about the different properties of light, 

how it behaves and also what colored light is. Use this knowledge now to try and develop a 

hypothesis. 

 

Experiment: Additive color mixing with the color mixer 

 

Material: 

• Color mixer 

• Darkened room 

• White background (wall/paper) 

 

Learning expectations: 

• Know about the properties of white light 

• Understand how additive color mixing works 

• Understand what monochromatic light is 

• Read through the theory part of the experiment and explain and discuss the theory 

together. 

• Set up the experiment and conduct it as a team, then draw conclusions about what 

this means for the properties of light that appears white to us.   45 min 

QUESTION: 

What is “white” light? 

1 

RESEARCH 

2 
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Experiment instructions: 

 

 

 

 

Discuss with our group what “white” light must consist of. Then formulate a hypothesis about 

the properties of “white” light. 

Write down your hypothesis and then call your assistant to explain it to him/her. Only move on 

after doing so. 

 

1.  

2.  

 

Take the color mixer and point it towards the white background. The color mixer lets you shine 

monochromatic light of the color blue, red or green with different intensities and at different 

times. It allows you to mix light of only one color = wavelength at a time.  

 

Figure 11: The color mixer. 

You should now turn on the different colored LEDs and adjust their intensity with the little turn 

wheels on the side of the device. What do you observe when changing these settings? Now find 

out how you can make “white” and “yellow” light. 

 

2.  

3.  

4.  

Compare the results of the experiment with your hypothesis. Was your hypothesis correct? If 

the result was different, why? What conclusion can you draw about the properties of light that 

appears white to us from that experiment?  

Construct 

HYPOTHESIS 

3 

Test 

HYPOTHESIS 

4 

Draw 

CONCLUSION 

5 
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Results and conclusion: 

Yellow light can be seen when red and green colored wavelengths are mixed. While white light 

is a mixture of red, blue and green wavelengths (compare Figure 12). 

 

Figure 12: Model of color mixing. [8] 

The experiment exemplifies the phenomena of additive color mixing, where color can be 

described as the addition of specific wavelengths of light. Addition colors are created by 

combining different color wavelengths (monochromatic light = light of only one wavelength), 

needing a source that emits these different wavelengths at the same time (polychromatic light 

= light of more than one wavelength). 

 

Figure 13: Visualization of different wavelengths of monochromatic and polychromatic light. [2] 

These sources are our typical light sources, like flashlights, lightbulbs and the sun. Colored light 

from a source can be created when the source emits a combination of different wavelengths: 

For example what we see as yellow is a combination of red and green wavelengths. By varying 

the relative intensities of the three colors (blue, red and green) all of the colors of the visual 

spectrum can be created. 

White light is perceived, when all three different wavelengths of blue, red and green mix 

together and reach the eye. For example sunlight appears white to us because the sun emits 

wavelengths of all different colors of the visible electromagnetic color spectrum (from about 

420nm to 700nm), which reach our vision and appear white. Figure 14 illustrates the spectrum 

of the sun (after it travels through the atmosphere) with the intense emission of all colored 

wavelengths. 
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Figure 14: Electromagnetic spectrum of the sun after travelling through the atmosphere (solar radiation). [9] 

Colored light on the other hand appears when any of the visible wavelengths are removed 

from the white light spectrum so the eye registers the remaining light as colored, the exact 

color depending on the mixture of wavelengths. 

 

 

 

 

 

 

 

 

After you are finished, please put away all the material that you used today. Make sure 

that everything is in the correct place and go through the inventory checklist of each box 

before putting it away. Wait for further instructions from your assistant. 

 

For further information on colored light please refer to: 

P. Y. Bruice, Organic chemistry. Seventh edition. ed. Boston: Pearson, 2014. Chapter 13.17. 

 

1.5 Conclusion 

Go to your assistant for a final assembly of the day. Feel free to ask any questions that you still 

have.  

Please answer the following study questions. There is one question for every group 

member, so please make sure that all of you get a chance to speak. 

• Explain the difference between monochromatic and polychromatic light. 

• Describe the properties of light that appears white to us. 

• Explain what constitutes sunlight. 

Please check your solutions with the help of an assistant. The answers are in their 

manuals. 
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2 Day II – The Different Parts of a Spectrometer 

2.1 Expert Groups 

Structure for Day II 

Today there will be two different tasks, for which you will first split up into two groups (A and 

B) and then work with teams of three people on the following workshops:  

Group A will work on the workshops:  

- 2.2 The Diffraction Grating (p. 20) 

- 2.3 The Slit (p. 26) 

Group B will work on: 

- 2.4 Light and its measurement (p. 30) 

- 2.5 The Beer-Lambert Law (p. 37) 

After you are finished with the workshops each group assembles together, in order to prepare a 

presentation of your specific topics and to present it to the other group. You should do this with 

the help of a poster. Please take note of Figure 15, which gives you an overview of the work 

structure for the day. 

 

 

 

 

 

 

 

 

 

 

 

Learning expectations: 

• Working together as a team 

• Planning a presentation with the help of the manual 

• Creating a poster to support the presentation 

• Working carefully and autonomously 

• Understanding the fundamentals of the different parts of the spectrometer 
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Figure 15: Work structure for day II. 
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2.2 The Transmission Diffraction Grating 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This part of the laboratory will help you understand how a transmission grating works and how 

these properties are used in a spectrometer. 

 

 

 

 

A transmission diffraction grating consists of a large number of equally and closely spaced 

narrow grooves (also referred to as slits), with the spacing between the grooves labeled as the 

distance, d [m]. A model of this can be seen below in Figure 16: 

 

Figure 16: Simplified model of a diffraction grating, showing the layout of grooves and the grating spacing. 

Learning expectations: 

• Understand the way a transmission diffraction grating works 

• Apply this knowledge to set up an experiment to determine the wavelength of a 

laser pointer 

• Draw conclusions about the relevance of the experiment for other light sources 

Work through the theory part and then use what you learned to solve the tasks below and 

set up the experiment. 

After finishing both workshops (the diffraction grating and the slit) come together with all 

of group A and design a presentation with a poster. 

QUESTION: 

How does a transmission 

grating work? 

1 

RESEARCH 

2 

  60 min 
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When a light beam hits two slits of comparable distance and widths with respect to the 

wavelength of the light, we observe the interference phenomena: Both slits are the source of 

waves that interact with each other in space. Interference means that in some directions the 

waves enhance each other, in others they cancel each other. If we draw the wave maxima as 

circles then the result of shining monochromatic light (light of only one wavelength) through 

two slits results – depending on their relative distance d – in a specific interference pattern as 

shown in Figure 17 below.  

 

Figure 17: Interference pattern of light through a double slit. [7] 

This serves as a simple visualization of what happens with an optical grating, which has several 

hundred grooves per millimeter. An outline of how such a grating splits up light is given in 

Figure 18 below. 

 

Figure 18: Outline of how a diffraction grating works. 
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Light incident on a transmission grating is often perpendicular (meets the grating at an angle of 

90°) to the back surface of the grating (see picture above), in which case the direction of maxima 

are determined by the following simplified grating equation [10]: 

		 = -	 sin 1 

with, 

- = grating spacing [m] 

1 = angle of diffraction 

	 = order number  

 = wavelength of the light [m]. 

When N is the number of grooves per meter (note: often given in nm and needs to be converted) 

on a diffraction grating then - can be calculated using 

- = 1
2	. 

 

 

 

 

Experiment: Calculating the wavelength of the light source 

 

Materials: 

• Laser pointer 

• White paper 

• Pens 

• Diffraction grating with 1000 grooves per mm 

• Calculator 

• Ruler 

 

 

 

 

Notes: Please make sure your paper is not set too far away from the diffraction grating. About 

20 cm is sufficent. 

If you do not know how to proceed at one point please ask your assistant for help. They have 

hint cards for you to help you along step by step. 

 

With the given materials, set up an experiment that will provide all necessary data to be able to 

calculate the wave-length of the given laser pointer (for both the green and the red laser light!) 
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Solutions: 

Sketch of the experimental set-up: 

 

Figure 19: Set-up for determining the wavelength of a laser light. 

 

 

 

 

 

 

Discuss with your group how the transmission grating works. Then formulate a hypothesis 

about how the diffraction angle is related to the wavelength of the light source. 

Write down your hypothesis and then call your assistant to explain it to him/her. Only move on 

after doing so. 

 

1.  

2.  

 

Test your hypotheses for how the diffraction angle and the wavelength are related by calculating 

the diffraction angle 1 for the first order maximum of a blue monochromatic light source ( =
450	4	). 

 

 

 

 

 

Construct 

HYPOTHESIS 

3 

Test 

HYPOTHESIS 

4 
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Solution for the diffraction angle of blue light (� = 567	��): 

We rearrange the given equation 

 = -	 sin 1	, 
so we get the diffraction angle: 

1 = 	 sin�� 8-9 

1 = 	 sin�� :4.5	;10�<	
1;10�=	 > = 	26.74°	. 

 

When comparing all of the angles that we have calculated so far, we can see that the diffraction 

angle gets smaller the shorter the wavelength gets (it is directly proportional) � ~1. 

 

 

2.  

3.  

4.  

Compare the results of the experiment with your hypothesis. Was your hypothesis correct? If 

the result was different, why? What conclusion can you draw about how a “white” light source 

is used in a spectrometer with a diffraction grating? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Draw 

CONCLUSION 

5 
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Solution: 

White light consists of all wavelengths of colored light. These different wavelengths get 

diffracted at slightly different angles so we will see all colors of the color spectrum, you will 

get a rainbow-like picture. 

 

Figure 20: Exemplary diffraction patters from a white light source. Taken from [11] . 

 

 

 

 

 

 

 

 

 

 

 

 

For further information on diffraction gratings please refer to: 

 

W. Schmidt: Optical Spectroscopy in Chemistry and Life Sciences. Wiley-VCH. 

 

 

 

 

 

  

Please answer the following study questions. 

• Summarize the setup of the experiment and what it reveals about how a 

transmission grating works. 

• Describe how the diffraction angle is related to the wavelength of the light 

source. 

• Conclude what relevance these properties have in a real spectrometer. 

• Sketch how white light is diffracted in a spectrometer. 

Please note down your answers as you will need them later to create a poster for your 

presentation. Please check your solutions with the help of an assistant. Answers are in 

their manuals. 
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2.3 The Slit 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Slit width is the width (usually expressed in mm) of the entrance slit. Slits are rectangular 

openings through which light enters into the diffraction grating. Their purpose is to control the 

spectral resolution of the diffraction grating, that is, its ability to separate close wavelengths. 

The slit is critical to the spectrometer’s performance and determines the amount of light that 

enters the spectrometer as well as the angle of incident.  

With the following experiment you will determine how the width of the slit influences the 

spectral resolution and at what expense you can gain a higher resolution. 

 

Experiment: Influence of the slit width on spectral resolution: 

Material: 

• White-light source 

• Optical beam path with adjustable slit 

• Diffraction grating 

• Darkened room 

• White paper 

 

Learning expectations: 

• Interpret how the width of the slit relates to intensity and resolution of the 

spectrum 

• Being able to describe why a slit is needed in a spectrometer 

QUESTION: 

What slit width do we 

want in the spectrometer? 

1 

RESEARCH 

2 

  30 min 
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Set-up (view from above):  

 

Figure 21: Set-up for the slit experiment. 

 

 

 

 

Discuss with our group how the slit works. Then formulate a hypothesis about how the slit 

width influences spectral resolution. 

Write down your hypothesis and then call your assistant to explain it to him/her. Only move on 

after doing so. 

 

 

3.  

4.  

 

 

 

 

 

 

 

 

 

 

• Set up the experiment as shown in figure above. 

• Vary the width of the slit by opening and closing the slit with the black plastic pieces. 

• Observe what happens with the picture on the white paper. 

Construct 

HYPOTHESIS 

3 

Test 

HYPOTHESIS 

4 
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Compare the results of the experiment with your hypothesis. 

What conclusion can you draw from the changes that happen? How are slit width and spectral 

resolution related? Discuss which width of the slit we want to have in our spectrometer. 

 

Solution: 

 

 Wide slit Narrow slit 

Observations: bright light 

unfocused colored lines 

dim light 

clear separation of colored lines 

Conclusion: 

 

The wider the slit, the higher the 

intensity of the light, but the lower 

the resolution. 

 

The narrower the slit, the lower the 

intensity of the light, but the optical 

resolution is better, so close wave-

lengths are separated better. 

 � For our spectrometer we choose a slit that is as narrow as possible 

to get a good optical resolution and to be able to have a broad 

spectrum of different wavelengths that we can measure.  

Draw 

CONCLUSION 

5 
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After you are finished, please put away all the material that you used today. Make sure 

that everything is in the correct place and go through the inventory checklist of each box 

before putting it away. 

Then go back to group A in order to prepare your presentations. 

 

 

 

 

 

 

 

 

 

 

  

Please answer the following study questions. 

• Summarize the setup of the experiment and what it reveals about how the slit 

works. 

• Explain what spectral resolution means. 

• Describe in what ways the slit width relates to the intensity and resolution of 

the spectrum. 

• Justify what kind of slit is needed in a spectrometer. 

Note down your answers as you will need them later to create a poster for your 

presentation. Please check your solutions with the help of an assistant. Answers are in 

their manuals. 

Instructions for your presentation: 

• Create a 10 min presentation about your two topics (diffraction grating and slit). 

The presentation should include all answers to the study questions. 

• To help present your topics also create a poster. The guideline for creating a 

structured poster can be found on page 25 of the student’s manual An 

Introduction to Water Analysis [1]. An example poster for your presentation can 

be found in the assistant’s manual in the solutions section. Please do not simply 

copy it but instead use it to make sure you are mentioning all important facts on 

your own poster. 

  30 min 
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2.4 Light and its Measurement 

 

 

 

 

 

 

 

2.4.1 Grease Spot Photometer 

 

 

 

This part of the laboratory will help you understand how light interacts with matter (we use tea 

in our example) and how we use this in the spectrometer. 

 

 

 

 

Experiment Material: 

• 2 white light sources (the ones with the regulators) 

• Oil 

• White paper 

• Scissors 

• Cuvette with tea/colored water 

• Slit and cuvette mounting 

 

Experiment Instructions: 

Cut the white sheet of paper into a square that fits into the slide mount. Then put a grease stain 

(oil) of about 1 cm diameter in the middle of the white paper and slide it into the mount. Set the 

two light sources about 40 cm apart and then place the mount with the paper in the middle. 

Then regulate one light source to an approximately middle position. With the other turn the 

brightness up and down until you cannot see the grease spot anymore. 

QUESTION: 

How does light interact 

with matter? 

1 

RESEARCH 

2 

Learning expectations: 

• Describe how light interacts with matter 

• Restate how light intensity can be measured 

• Employ the Beer-Lambert law  

• Relate how absorption and concentration are connected as well absorbance and 

wavelength 

  45 min 
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Set up of the experiment: 

 

Figure 22: Set-up of the grease spot photometer. 

What you did just now was to measure the intensity of a light source in comparison to a 

standard. The measurement of luminous intensity is called photometry, and instruments used 

for such measurements are called photometers. When you have adjusted the light intensities so 

that the grease spot cannot be distinguished from the rest of the paper anymore the intensities 

of both light sources, I1 and I2 are exactly the same. This luminous intensity is measured in 

candela [cd]. 

A� = AB 

With this information scientists can measure intensities of light sources by comparing them to 

a standard, for example when they know the intensity of one of the sources.  

 

 

 

 

Review with your group how the grease spot photometer works. Then formulate a hypothesis 

about what will happen when you add a cuvette with tea/colored water between the paper and 

one light source. 

Write down your hypothesis and then call your assistant to explain it to him/her. Only move on 

after doing so. 

 

 

 

 

 

 

 

 

Construct 

HYPOTHESIS 

3 



Day 2 – The Different Parts of a Spectrometer 

32 

 

 

5.  

 

 

Now place the cuvette with the tea/colored water in the cuvette mount and observe what 

happens with the grease spot on the other side of the mount. Do not adjust the intensities of the 

light sources. Does this agree with your hypothesis? 

 

2.  

3.  

4.  

Results: 

 

Figure 23: On the left, the grease spot without a cuvette. On the right, the grease spot with a cuvette. 

 

Conclusion: 

When you put the cuvette between the paper and light source 2, the grease spot appears again 

because the light that hits the grease spot through the cuvette is less intense. Therefore we see 

that the solution in the cuvette somehow dims the intensity of the light. This phenomena is 

called absorption. The light that still goes through the cuvette and can be observed is called 

transmission. Figure 24 illustrates this phenomenon. 

Test 

HYPOTHESIS 

4 

Draw 

CONCLUSION 

5 
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Figure 24: The intensity of light, when interacting with matter. 

ACDEFG = AH − AEJG 

The intensity of the light transmitted ACDEFG is the difference between the initial intensity of the 

light source AH and the absorbed light intensity AEJG. The relation between both light intensities 

is called transmittance and is often labelled as T [dimensionless]: 

K = 	 ACDEFGAH  

Because we use a cuvette in our spectrometer we can measure the transmission that goes 

through the cuvette and when we know the initial intensity of the light we can also get the 

absorbed intensity. Measured is the transmission, therefore our spectrometer is a transmission 

spectrometer. 

 

How does the probe in the cuvette absorb some of the intensity of the light? 

When directing energy (in our case it is light) towards a molecule (in the solution of the cuvette), 

the molecule is able to absorb parts of this energy by lifting up valence electrons to an 

energetically higher shell. This state is then called an excited state and the transfer of the 

electron is called electron excitation. For any spectroscopic transition between energy states, 

the change in energy (Δ$) is given by 

Δ$ = ℎ	�	, 
where ℎ is the Planck’s constant and � is the frequency of the electromagnetic energy absorbed. 

An example of electron excitation for a simple molecule can be seen in Figure 25. 
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Figure 25: Simplified figure of electron excitation, where an outer-shell electron absorbs energy in form of light. 

Because this excited state is unstable, the electron almost immediately collapses back to its 

initial ground state (shell). In this process of energy collapse, the molecule can release the 

previously absorbed energy as the exact same amount. The released energy can be light again, 

in which case it is called emission, however, energy can also be released in other forms such 

as heat and is then invisible. If the energy of the absorbed or emitted radiation is in the visible 

range, these transitions can give rise to colors. Afterwards, the atom is back in its ground state 

having the same energy as before the excitation. Figure 26 illustrates the phenomena of 

emission. 

 

Figure 26: Simplified depiction of electron emission, where an exited electron releases energy and collapses back to its initial 

ground state. 

Because the electron configuration of every element is unique, the same goes for the energies 

that are needed for electron excitation. Since the energy is directly proportional to the 
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wavelength this leads to only one specific wavelength matching the energy needed to excite an 

electron. Therefore every element can be matched with a specific wavelength and a qualitative 

distinction of the elements is possible. Comparison of intensities with those from standard 

solutions allows quantitative distinction. This technique is called atomic absorption analysis. 

It is routinely used to detect quantities of metal impurities at concentrations of parts per million 

and is used for example when measuring turbidity.   

 

General Principles of Spectroscopy 

Spectroscopy is the study of the interaction of energy (typically electromagnetic energy) with 

matter. Because of this electromagnetic interaction with matter, important analytical assertions 

can be made. A schematic transmission spectrum is given below. The transmission spectrum is 

a plot of absorption of energy (radiation) against its wavelength () or frequency (�).  

 

Figure 27: Schematic transmission spectrum. [12] 

A transmission band can be characterized primarily by two parameters [12]:  

1. The wavelength at which maximum transmission occurs (no absorption). 

2. The dips where absorption is happening, so transmission is lower. 

The y-axis in Figure 27 measures the intensity of the absorption band which depends on the 

number of molecules observed (the Beer-Lambert Law – refer to next workshop) and the 

probability of the transition between the energy levels. It follows that the x-axis in Figure 27 is 

an energy scale, since the frequency, wavelength and energy of electromagnetic radiation are 

interrelated (comp. 1.3 Properties of Light). This is further illustrated in Figure 28, where a 

higher frequency radiation is emitted when the energy change is large, therefore showing the 

relation between frequency and energy - lambda is indirectly proportional to the energy 

difference: 

 ∝ 1
∆$	. 
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Figure 28: Schematic view of the change between discrete energy levels and how energy and frequency are related to each 

other. [3] 

 

For further information on absorption, emission and transmission please refer to: 

L. D. Field, S. Sternhell, and J. R. Kalman, Organic structures from spectra. 4th ed. Chichester; 

Hoboken, N.J.: John Wiley and Sons Ltd., 2008. 

R. J. D. Tilley, Colour and optical properties of materials: an exploration of the relationship 

between light, the optical properties of materials and colour. Chichester; New York: John 

Wiley & Sons, 2000. 

 

 

 

 

 

 

 

 

 

 

 

  

Please answer the following study questions. 

• Summarize how the experiment measured luminous intensity. 

• Explain the terms absorption, transmission, emission. 

• Sketch how an electron gets excited. Explain how this can lead to a qualitative 

distinction of elements. 

Note down your answers as you will need them later to create a poster for your 

presentation. Please check your solutions with the help of an assistant. Answers are in 

their manuals. 
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1.4.2 The Beer-Lambert Law  

 

 

 

 

 

Figure 29: Explanation of the Beer-Lambert Law application for the computer. [13] 

 

 

 

 

When measuring the absorbed light intensity a quantitative analysis of the concentration of the 

colored substance is possible. 

 

 

 

 

As we have already learnt in the workshop, the intensity of the absorption depends on the 

concentration of the solution, which is defined in the Beer-Lambert law: 

$ = 	− log 8 A
AH9 = 	R	�	- 

Where E is the extinction (also referred to as absorbance), ε is the molar absorption coefficient 

[dimensionless], I is the intensity after passing through a sample of length d [cm], I0 is the 

incident intensity, and c [mol/L] is the molar concentration of a species. 

 

QUESTION: 

How does the concentration affect 

absorption and transmission? 

1 

RESEARCH 

2 

Please open the flash application “Beer-Lambert law” on your desktop. 

First explore the Beer’s Law screen for a few minutes. Try to figure out what all of the 

controls show and do.  
  45 min 
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Review with your group about how the Beer-Lambert law creates a relationship between 

absorbance and concentration. Then formulate a hypothesis about what a graph of absorbance 

versus concentration would look like. Sketch your prediction with a graph like the one below.  

Write down your hypothesis and then call your assistant to explain it to him/her. Only move on 

after doing so. 

 

Figure 30: Outline of a graph of absorption vs. concentration. 

 

 

 

Choose a solution from the simulation and measure the absorbance for different concentrations 

on the preset wavelength setting. Create a table with the measured data and then put it in a graph 

like that shown in Figure 30. 

 

 

 

 

 

 

 

 

 

Construct 

HYPOTHESIS 

3 

Test 

HYPOTHESIS 

4 
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2.  

 

 

How does your second graph compare to your prediction? What conclusion can you gain 

from the experimental data about how absorbance and concentration are related? 

 

The Beer–Lambert law states that the intensity of light (or any other form of electromagnetic 

radiation) passing through a sample decreases exponentially with the concentration and the 

thickness of the sample (for a given wave-number), meaning the higher the concentration the 

less light intensity is able to pass through. The relationship is typically a linear (first order) one, 

enabling us to easily measure and calculate the concentration of a sample, with the given 

variables. 

 

When repeating the same measurement and only changing the solution, how do you think 

the partial regression line would change? 

Because every solution has a specific molar absorption coefficient ε, which is represented in 

the equation as the gradient, i.e. the steepness of the line. This relation gives us the opportunity 

to get the molar absorption coefficient when it is unknown to us by first creating a graph with 

a straight calibration line. In order to do so a parent solution of the sample has to be created 

and diluted further so that one has a number of samples with different but known concentrations. 

Now these different samples get measured and the extinction data gets plotted against the 

concentration in the diagram. The linear regression line from this data will provide a constant 

d and constant molar extinction coefficient ε. The effect is that when d and ε are multiplied the 

result is yet another constant which we will name k. 

$ = R ∙ - ∙ � 

$ = T ∙ � 

Thus the line will then give you the concentration c of an unknown sample as the gradient of a 

linear regression equation: 

$ = T ∙ � U V 

With E being the extinction (which we can measure) the rest of the data (k and t) we can read 

from the linear regression line, so in order to get the concentration of a solution we just shuffle 

the variables and we can calculate the concentration to be: 

� = 	$ − V
T  

 

 

 

Draw 

CONCLUSION 

5 
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Relation between absorbance and wavelength 

Compare three solutions of different colors with the same path length d (width of the cuvette). 

Which of the combinations has the highest absorbance? Why? 

 

  Preset wavelength: 

Default settings of the simulation 

Variable wavelength: 

Set to same color as the solution 

Solution 

name 

Solution 

color 

Beam color Wavelength 

[nm] 

Absorbance 

 

Beam 

color 

Wavelength 

[nm] 

Absorbance 

 

        

        

        

 

Please note, that absorbance E in the Beer’s Law Lab simulation is calculated with the following 

equation relating to the percentage of transmitted light: 

$ = 2 − log(%K) 
%K = 100	K = 	 8 A

AH9	. 
Therefore, if all the light passes through a solution without any absorption, then absorbance is 

zero, and percent transmittance is 100%. If all the light is absorbed, then percent transmittance 

is zero, and absorption is infinite. This is illustrated in Figure 31. 

 

Figure 31: Relation between transmittance and absorbance. [14] 

Conclude from the experiment how beam color, solution color, and absorbance are related to 

each other. 
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Solution: 

The absorbance of a solution is the highest when a complementary color of wavelengths (with 

a very different wavelength) are directed towards the solution, whereas wavelengths 

corresponding to the same color as the solution transmit very well. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

After you are finished, please put away all the material that you used today. Make sure 

that everything is in the correct place and go through the inventory checklist of each box 

before putting it away. 

Now go back to group B in order to prepare your presentations. 

 

 

 

 

 

 

 

 

 

 

  

Instructions for your presentation: 

• Create a 10 min presentation about your two topics (grease spot photometer 

and the Beer-Lambert law). The presentation should include all answers to the 

study questions. 

• To help present your topics also create a poster. The guideline for creating a 

structured poster can be found on page 25 of the student’s manual An 

Introduction to Water Analysis [1]. An example poster for your presentation can 

be found in the assistant’s manual in the solutions section. Please do not simply 

copy it but instead use it to make sure you are mentioning all important facts on 

your own poster. 

Please answer the following study questions. 

• Define the term extinction (=absorbance). 

• Explain how absorbance and concentration are related through the help of the 

Beer-Lambert law. 

• Illustrate how to get the concentration of a substance without knowing the 

molar extinction coefficient. 

• Explain how absorbance and wavelength are connected. How is this used in 

an absorption spectrum? 

• Sketch and explain how a typical absorption spectrum looks. Interpret what 

the different parts tell us about the measured matter. 

Note down your answers as you will need them later to create a poster for your 

presentation. Please check your solutions with the help of an assistant. Answers are in 

their manuals. 

  30 min 
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3 Day III – Working with the Spectrometer 

Today we will finally work with the complete spectrometer. For this you will need to split up 

into teams of three, mixing the groups A and B. So each team should have at least one person 

from A and B. 

 

 

 

 

 

 

 

 

3.1 Assembling the Spectrometer 

Spectrometer Puzzle 

 

 

 

 

Material 

• Puzzle parts 

 

Instructions 

With the knowledge you have gained from the previous days, take the spectrometer puzzle and 

place the puzzle parts in the right order so you will get a working spectrometer. While doing so 

review the functions of each part and give reasons for why you are positioning each part in this 

specific place. Finally imagine the spectrometer is working now, and explain the path the light 

takes through the different parts and what happens to it.  

Once you are finished please call an assistant and explain your solution to them. They will find 

the solution in the solutions section in the assistant’s manual. 

 

Learning expectations: 

• Working together as a team 

• Understanding the make-up of a spectrometer and how the parts are connected 

to assemble it 

• Conducting the calibration of a spectrometer and understanding the measuring 

process 

• Conducting experimental measurements autonomously 

Solve the puzzle by placing everything in the right order. 

Review the functions and explain the path the light takes through the spectrometer. 

   30 min 
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3.2 Calibration 

 

 

 

 

Material: 

• Spectrometer box 

• Laptop 

 

Please take the laptop and open the software: “Theremino Spectrometer” which you will find 

on the desktop. You should connect the webcam with the laptop over the USB cord. Ensure that 

the webcam light is not turned on; if it is, you can turn it off with the little wheel on the USB 

cord. 

Assemble your spectrometer like you have learned in 3.1 but instead of a white-light source 

take the LED mounting and place inside it a two-emission-peak LED simultaneously emitting 

the wavelengths 465 and 525 nm. You may have to adjust the angle of the webcam so you can 

get a clear image of the spectral resolution. Just try it out. Also make sure to always measure 

inside the blue spectrometer box and keep the box closed, in order to keep undirected light to a 

minimum. 

 

Getting used to the controls of the software: 

First select the correct Video Input Device: “1 USB Camera”. 

Then you should make yourself acquainted with some of the settings of the software. Just play 

around a little bit with the settings below, some may be more helpful to adjust the spectrum 

accordingly (red boxes in Figure 32) than others. It is always helpful to first default all 

parameters when using a new light source and then adjust them newly every time a new light 

source is used. Your ideal spectrum should have distinct peaks (where you can see the top and 

not too much background noise, which is a high base line). You should also adjust the intensity 

of light that enters the spectrometer by lowering the intensity of the light source on the manual 

dim control of your light mounting.  

First explore the different controls and settings of the software to get used to them. 

Then calibrate the spectrum with the help of a two-wavelength LED.  

  30 min 
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Figure 32: The most useful parameters for changing the spectrum. 

 

Image file settings: 

You should always label your pictures with the name of your measurement, the software will 

automatically add the number at the end of the name. There is no need to change the preset 

settings. The path of where you save the pictures to should be the folder on your desktop. 

 

Figure 33: How to choose the path to save images to. 

You are able to take pictures of the spectrum, the image from the camera or an image of the 

whole software program and save them with the following controls. 

 

Figure 34: Controls for saving images of the spectrum. 
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Adjustment of the image: 

 

Figure 35: Web cam image and how to choose the area to analyze. 

Start X and End X 

You should make sure that all visible lines of the spectrum are enclosed with these endpoints 

on the x scale. Make sure you only include the diffracted spectrum and leave out the light that 

goes straight through the diffraction grating. Change the scale by adjusting the value of the start 

and end point. 

Start Y 

Adjust so that the measurement area is centered on the spectrum. 

Size Y 

This value determines the number of rows of pixels used for the analysis. The software makes 

the average of the values of all the rows and this improves sensitivity and reduces noise. A 

value of at least 10 to 20 is recommended. If your noise ratio is too high you might try to 

decrease the value lightly. 

 

The lower command bar: 

 

Reference 

To obtain a reference for the absorption measurement. This will be discussed again in a later 

workshop. 

Dips 

Displays labels for the minimums of the graph (not usually necessary). 

Peaks 

Displays labels for the maximums of the graph (should be on when calibrating). 

Colors 

Adds the relative colors that are represented by the respective wavelength. 

Filter 
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Noise filtering of the graph. Adjust normally to 30. Raising this value up to 50 or in extreme 

cases, up to 100, you eliminate noise and steps in the chart. However, the tradeoff here is 

broadening of the lines and reduced resolution. 

Speed 

Speed of response. Adjust normally to 30. 

Trim scale 

Enabling the scale calibration mode. Further information will be provided when we talk about 

calibration. 

 

Calibration 

Why do we need to calibrate the camera? 

We need to calibrate the spectrum because the software “Theremino Spectrometer” only 

calculates the intensity of light striking each pixel and is not able to discriminate the color of 

the wavelength that hits the pixel. What matters is the intensity and the location, because we 

now set the calibration point for a specific wavelength on a certain pixel and the software is 

then able to calculate the wavelengths of the respective surroundings by looking at the distance 

between the two set calibration points. It is therefore always necessary to do a calibration with 

a light source that emits at least two known wavelengths and afterwards a light source without 

distinct peaks can be used. 

 

To calibrate: 

1. To calibrate the scale of the spectrometer use a two-wavelength-emission LED 

(465nm and 525nm).  

2. First default all settings and then readjust them as well as the intensity of the light 

source to get a clear spectrum with two very distinct peaks and no (or only a low) 

baseline. 

3. Make sure that the buttons "Reference" and "Dips" are not pressed and that "Peaks" and 

"Colors" are pressed. 

4. Then choose your trim points manually by pushing the following controls and then 

setting the manual points with the two wavelengths that your LED is emitting. 



Day 3 – Working with the Spectrometer  

48 

 

 

Figure 36: How to set calibration points manually. 

5. By dragging the labels of your trim points so they align exactly with the emission peaks 

you are calibrating the spectrum. Click on the upper left label and drag it to close or 

widen the distance between the trim points. Moving the upper right label you are 

moving the trim points both at the same time to match the peaks. If your trim points 

cannot be adjusted closer anymore via this process you may have to move the webcam 

closer to the diffraction grating. It may take some time to get the settings right. Just play 

around a little. 

 

Figure 37: Matching the calibration points with the peaks of the spectrum. 

  

Once you are finished you should press the button “Trim scale”. Your spectrum is now 

calibrated and the parts in the spectrometer should not be moved anymore. 

Please show your calibrated spectrum to an assistant and only go on with the next workshop 

after your assistant has seen the calibration spectrum. 

When replacing the LED light with a white light source make sure to not move the other parts 

and your spectrum should still be accurately calibrated. You can now use the spectrometer to 

make measurements and move on to the next workshops. 

 

 

For further information on how the software works please look in the help document of the 

software: Theremino_Spectrometer_Help_ENG which you can find in the desktop folder. 
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3.3 Experiments and Measurements 

3.3.1 Measuring the Emission Peaks of LEDs 

 

 

 

 

Material: 

• Spectrometer box 

• LED lights 

• Laptop 

 

Instructions: 

The spectrometer stays exactly the same as during the calibration to ensure that the calibration 

points still fit correctly. Also make sure the “colors” button is not pressed.  

Now one member of the team has to look away while the other two randomly choose one of the 

three LED lights (1, 2 or 3) and place them in the LED mounting. Then the box should be closed 

and the one team member should try and figure out the wavelength of the LED as well as 

determine the color of the light (change the settings so that he/she gets one distinct peak and no 

baseline). Please note down your answers.  

Once the first member has come to a conclusion the team can reveal the color of the light. 

 

Now repeat the same procedure with the 2nd and 3rd member of the team. 

 

When all members of the team are done check your solutions (especially the wavelengths) with 

one of the assistants. If your wavelengths were too far off please repeat the calibration and 

measurements as you will need a correctly calibrated spectrometer for the next experiments too. 

  

Determine the wavelength of one unknown LED. There are three LEDs in total so each 

member of the group should measure one LED. Also note what color of light you see with 

your eyes. 
  30 min 
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3.3.2 Qualitative Experimental Proof 

 

 

 

Measurement: 

Leave your spectrometer exactly the same as during the calibration to ensure the calibration 

points still fit. If you moved objects around too much you will have to repeat the calibration 

process. However, you have to switch the light source for the white light source because for 

these measurements, it is necessary to have a source that emits light across a broader spectrum. 

 

Material: 

• Spectrometer box with white light source 

• Laptop 

• Cuvette 

• Water and blue ink 

• Pipette 

 

Steps: 

1. Prepare your solution to analyze: Mix the blue ink with water, add two drops of blue 

ink to the cuvette then fill up the rest of the cuvette with water. (Prepare tea). 

2. Make sure that the buttons "Dips" and "Peaks" are not pressed and the "Colors" button 

is pressed. 

3. Make sure the frame fits the spectrum correctly. If not, you may have to calibrate once 

more. 

4. Default all settings for the image and then adjust them so you get an even spectrum of 

high intensities across all wavelengths. 

5. Insert a cuvette filled with water as a reference and save an image of this spectrum for 

later comparison. Name: “Reference Spectrum Water”. 

6. Now insert the sample (cuvette filled with ink water/tea/…), check the spectrum and 

save the image. Name: “Sample Spectrum Ink Water”. 

7. Now open the two saved images and answer the study questions. 

 

 

 

  40 min 

Determine what wavelengths the substance absorbs, and transmits. Give reasons why the 

substance has that particular color and how this is related to absorption and transmission! 
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Please answer the following study questions: 

• Explain the spectrum (the different parts) to your colleagues. 

• Determine at what wavelengths the substance absorbs, and transmits by 

comparing the two spectra that you recorded. 

• Why does the substance appear in this specific color, and how is this related to 

absorption and transmission? You may also open the flash application “Beer’s 

Law Lab” again to try the experiment theoretically with a blue substance. 

• What can you conclude about the concentration of the solution? What happens 

with the spectrum when it is very low/very high? 

Example spectra of blue ink water can be found on the next page. Please check your 

solutions with the help of an assistant. Answers are in their manuals. 
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Exemplary reference spectra for blue ink water: 

 

Figure 38: Reference spectrum of water before inserting a cuvette with blue ink water. 

 

Figure 39: Sample spectrum of blue ink water showing the wavelengths still transmitted. 

 

Further information on absorption spectra and how to conduct them can be found on page 15 

of the help document of the software: Theremino_Spectrometer_Help_ENG which you can find 

in the desktop folder. 
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3.4 Conclusion 

Go to your assistant for a final assembly of the day. Feel free to ask any questions that you still 

have. 

You will now create a concept map which will summarize all of what you have learned during 

the three day laboratory. 

Concept maps are graphical tools for organizing and representing knowledge. They include 

concepts, usually enclosed in circles or boxes of some type, and relationships between concepts 

indicated by a connecting line linking two concepts. Words on the line, referred to as linking 

words or linking phrases, specify the relationship between the two concepts. [15] 

The following figure is an example of how such a concept map should look with the labeled 

arrows/linking lines and connected concepts. 

 

Figure 40: Example of a concept map. 

Please make sure to include the following concepts in your map: 

- Light and light sources 

- Energy 

- Wave 

- Absorption, transmission 

- Spectrometer and its parts and functions 

 

After you are finished, please put away all the material that you used today. Make sure 

that everything is in the correct place and go through the inventory checklist of each box 

before putting it away.  
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4 Glossary 

Absorption The conversion of energy of electromagnetic radiation, etc., 

into other forms of energy on passing through a medium. A 

beam of light, for instance, passing through a medium, may lose 

intensity because of absorption of photons by atoms or 

molecules in the medium. When a photon is absorbed, there is 

a transition to an excited state. [16] 

Beer-Lambert law A law relating the reduction in luminous intensity of light 

passing through a material to the length of the light’s path 

through the material: i.e. $ = 	− log X Y
YZ[ = 	R	�	-, where ε is 

the molar absorption coefficient, I is the intensity after passing 

through a sample of length d, I0 is the incident intensity, and c 

is the molar concentration of a species. The Beer–Lambert law 

states that the intensity of light (or any other form of 

electromagnetic radiation) passing through a sample 

diminishes exponentially with the concentration and the 

thickness of the sample (for a given wave number). [16] 

Constructive interference When two waves arrive at the same point exactly in phase, then 

their crests and troughs are precisely aligned. [2] 

Destructive interference When two identical waves arrive at the same point exactly out 

of phase; that is, precisely aligned. [2] 

Electromagnetic 

radiation 

Energy in the form of electromagnetic waves. [17] 

Electromagnetic 

spectrum 

The full range of wavelengths or frequencies of 

electromagnetic radiation. [2] 

Emission Something sent forth by emitting: such as electromagnetic 

radiation. [17] 

Excitation A process in which a nucleus, electron, atom, ion, or molecule 

acquires energy that raises it to an excited state, higher than 

that of its ground state. The difference between the energy in 

the ground state and that in the excited state is called the 

excitation energy. [16] 

Excited state A state of a physical system (such as an atomic nucleus, an 

atom, or a molecule) that is higher in energy than the ground 

state. [17] 

Extinction (=absorbance) The diminution of transmitted light via scattering and 

absorption of a medium. [17] 
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Frequency �	(��) The number of complete wave cycles (up-down-up) passing a 

given point within one second (cycles/second). [2] 

Ground state The lowest stable energy state of a system, such as a molecule, 

atom, or nucleus. [16] 

Interference The mutual effect on meeting of two wave trains (such as light 

or sound) that constitutes alternating areas of increased and 

decreased amplitude (such as light and dark lines or louder and 

quieter sound). [17] 

Light Electromagnetic radiation of any wavelength that travels in a 

vacuum with a speed of ca. 300,000 kilometers per second. [17] 

Linear regression line A straight line (e.g. derived from least squares methods) that 

best approximates a set of points on a graph. [17] 

Luminous intensity The intensity of a light source as measured by the luminous flux 

per unit solid angle and usually expressed in candela [cd]. [17] 

Monochromatic light Waves having the same wavelength and frequency, or 

macroscopically speaking, the same color. [6] 

Polychromatic light Relating to radiation (light) that is composed of more than one 

wavelength. [17] 

Qualitative analysis Chemical analysis designed to identify the components of a 

substance or mixture. [17] 

Quantitative analysis Chemical analysis designed to determine the amounts or 

proportions of the components of a substance. [17] 

Spectral resolution How well a device is able to separate close wavelengths. [18]  

Transmission Light that passes through matter without being absorbed. 

Transmission diffraction 

grating 

A system of close equidistant and parallel lines used to produce 

spectra by diffraction (interference). [17] 

Wave A disturbance or variation that transfers energy progressively 

from point to point in a medium and which may take the form 

of electric or magnetic intensity. [17] 

Propagation velocity The speed at which a disturbance (i.e. a wave) moves. [2] 

Wavelength �	(������) The distance between adjacent identical parts of a wave. The 

distance is parallel to the direction of propagation. [2] 

White light A mixture of electromagnetic radiation with wavelengths 

ranging from about 380 nm to about 700 nm (1	4	 = 10�\		. 

Our eyes perceive different wavelengths of radiation in this 

range as different colors, so it can be said that white light is a 

mixture of light of all different colors. [3] 
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0 Introduction 

Welcome to the assistant manual “Introduction to Spectroscopy”. It is designed for the lab 

supervisors and will guide you through the three lab days by providing procedures as well as 

important additional information for a broader comprehension of the topics. Please read these 

instructions carefully and make sure you and your students perform the tasks conscientiously.  

0.1 General Background Information 

The theory of learning via participatory approaches serves as the basis for the setup of this 

laboratory. Through participatory approaches, the students are actively involved in the process 

of learning, leading to them learning from each other (peer to peer) and via shared experiences. 

In order to achieve this most of the theoretical and practical contents should be delivered 

through interactive presentations and group discussions. Please make sure that the participants 

all have the possibility to interact, help and teach each other. 

0.2 Trainer Roles and Responsibilities 

 It is important that all lab supervisors work well together as a team. You should therefore meet 

with all other supervisors before the workshop to discuss the agenda and then assign specific 

roles and responsibilities. This meeting should also be used to clarify the role of those trainers 

who are not involved when conducting a workshop session. You should assist the group work 

even when you are not the one responsible for this specific workshop and also be available to 

answer questions and lend a hand whenever and wherever you can. All supervisors should be 

present for the entire duration of the laboratory. [1] 

0.3 How to Use this Manual 

In the following section the set-up of the manual and the used symbols are explained. General 

learning expectations are also described. 

Manual Set-Up 

Each day of the laboratory has the following structure: 

1. Materials needed for the day 

2. Preparations 

3. Learning expectations 

4. Tasks for the day  

Please read these instructions every day before starting the lab. 
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Learning Expectations 

The comprehensive learning expectations of the laboratory are: 

 

 

 

 

 

 

 

 

 

 

 

Specified learning expectations can be found at the start of each chapter. 

 

 

 

 

• Working together as a team 

• Researching literature autonomously with the help of the student manual 

• Connecting theoretical knowledge with everyday life as well as other theoretical 

knowledge 

• Setting up the spectrometer autonomously 

• Understanding the different parts of a spectrometer 

• Performing measurements with the spectrometer 

• Interpreting transmission spectra measured with the self-built spectrometer 

• Practicing precise work 
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1 Day I - Light 

1.1 Before the Lab Starts 

Material needed today: 

• Sharpies / chalk 

• Laser 

• Double slit 

• White background (e.g. white paper, white wall) 

• Color mixer 

• Quiz handouts, including labels 

• Pens and paper 

 

Preparation: 

Please read through the material at least once before starting day 1. Make sure all needed 

material is close by. 

1.2 Learning Expectations 

� Activating and expanding existing knowledge of light 

� Creating a cooperative learning base upon which to build  

� Using the scientific method in order to gain scientific knowledge 

� Understanding the different properties of light (characterization of light) 

� Understanding the fundamentals of the wave characteristics of light 

� Conducting experiments in groups and working as a team 

� Knowing the properties of white light 

� Understanding how additive color mixing works 

� Understanding what monochromatic light is 
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1.3 What to do During the Lab 

Introduction  

1. Welcome all participants 

2. Provide safety instructions 

3. Hand out the manuals 

4. Explain the schedule for the next three days (student manual p.3): 

 

Figure 1: Laboratory schedule. 

5. Explain today’s outline 

 What to do Time 

Introduction  Welcome everyone. 

Explain how the laboratory will work over the next 

three days. 

Go through the setup of the manual. 

20 min 

Scientific method Explain how this method will be used in the lab. 10 min 

Mind map Create a mind map with the group about light. 15 min 

Workshops:   

Properties of light The students will learn about what properties light 

has and how they might be useful in a spectrometer. 

50 min 

White light Here the students will learn what white light consists 

of and draw conclusions about how this is used in a 

spectrometer. 

45 min 

Conclusion Revision quiz and open questions. 30 min 

Clean-up Put away all boxes and material remind the students 

to cross reference with the inventory check list. 

10 min 

 

  20 min 
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6. Instructions: 

Before starting with the laboratory you need to explain the working procedure. Explain the 

setup of the manual and how the students are supposed to work. The following points should 

be covered: 

• Yellow highlighting: 

This highlighting means that students are not allowed to go on without getting important 

instructions from your first.  

• Bold, blue writing: 

This code means the word is a keyword with an important definition that, can be 

found in the glossary at the end of the manual. 

• Orange box: learning expectations 

 

 

• Blue box: task box 

 

 

 

• Clock symbol: working time 

The clock tells you the approximate time that students will need in order to complete 

the unit. Once a student group is done you may ask them to help other groups or 

review some of their study questions again. They should not disturb the other 

groups. Each lab day will take three hours, if the students work to the recommended 

time allocations. 

 

Scientific Method:  

Ask one of the students to read the information about the scientific method aloud: 

As scientists examine and gather information about the world, they follow a process called the 

scientific method. This process typically begins with an observation or question that the 

scientist will then investigate. Next, the scientist typically performs some research on the topic 

and then constructs a hypothesis. After that, the hypothesis will be tested by performing an 

experiment. Finally, the scientist analyzes the results of the experiment and draws a 

conclusion. Note that this often leads back to another question, which is why the scientific 

method is often considered a circle as illustrated in Figure 2. [2]  

In this box students will find what you are supposed to learn in the course of the next unit. 

They are supposed to read these learning expectations carefully before starting. 

In this box students will find the tasks they need to complete in the course of the next unit. 

Solutions for study questions will be provided in the solutions section at the end of each 

day. 

x min 

  10 min 
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Figure 2: The scientific method depicted in a circle. 

Now go over every step in Figure 2 again and if necessary explain what the step means for our 

lab. The students will most likely have trouble understanding the hypothesis: 

A hypothesis is an assumption you make about how things work based on the knowledge you 

have about the topic and which is testable. 

Most of the time a hypothesis is written like this:  

"If ___[one does this] _____, then _____[this]_____ will happen.” 

In order to ensure, that the students use this method, you are asked to check their hypothesis 

before letting them continue with the testing. The goal is not that they always have a correct 

hypothesis, as the experiment might show them that their assumption was wrong and they will 

learn from their mistakes. But you should check that the hypothesis is formulated in a correct 

way, so it can be tested in an experiment in order to build on knowledge that the students have 

previously obtained.  

Example: “If one shines laser (monochromatic) light through the double slit, the resulting 

pattern on the paper will show two lines / a pattern of many lines / …” 

The conclusion is the analysis of the experiment in relation to the hypothesis. Was the 

hypothesis correct? If yes or no, why, and what did we learn from the experiment? 
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Mind map 

Instructions for the students:  

In the center of the board LIGHT should be written. Now ask every student to take a pen and 

add their thoughts and knowledge as branches or sub-branches to the board (keywords). An 

example mind map can be found on the next page. Students can discuss while doing this 

exercise and also add on to ideas of the other students. 

After everyone is finished writing, ask the students to explain their keywords. You can help 

them by asking the following questions:  

Why is the point relevant?  

What does the point mean? 

Then make sure all important keywords (written in green in the mind map) are sufficiently 

covered and explained to everyone as they create an important knowledge base that gets built 

upon during the course of the three lab days. If needed you may add the words by yourself and 

explain them. 

If through the course of the laboratory you or the students need to look up keywords again, they 

can be found in the glossary of the student manual. 

 

 

 

Figure 3: Example of a mind map concerning light. 

 

 

 

  15 min 
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Group division and starting the workshops 

Please ask the students to split up into groups of three now, and start working on the manuals 

with the workshops for day 1. 

 

Conclusion (Ending the day)  

Ask everyone to come together for a final assembly. First ask if there are any questions. 

You are now going to have a short quiz to repeat the newly learned information and to end the 

day in a fun, competitive way. 

Explain the rules: The groups that worked together during the day stay together in their groups. 

One student from each group is supposed to write down the answers on a sheet of paper. The 

presented labels have to be arranged in the right order and left for the assistant to check later. 

Once a group is finished they should call an assistant, who will check the results. The team that 

is fastest and has all questions right wins. (So when the first team has a wrong answer the second 

fastest team may win).  

Each student group will now get a quiz sheet from you at the same time. 

After the quiz: Make sure to go over the correct answers afterwards so every group gets the 

correct results. Clarify if there are any further questions. 

 

Clean-up 

Thank everyone for their good work and ask them to clean up and store the materials that are 

still left. Make sure to check the inventory lists of the boxes. 

  

  30 min 

  10 min 
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1.4 Solutions for Day 1 Study Questions 

Study questions p. 8. 

1. Light is a form of discrete energy units, which are called photons. It is therefore 

electromagnetic radiation and behaves in some experiments like a wave.  

2. Visible light is a part of the electromagnetic spectrum in the 700 nm – 420 nm 

wavelength range, and is therefore a very small part of the full light spectrum. Light 

travels through space like a wave with a defined wavelength and direction of 

propagation just like the other waves of the electromagnetic field. 

3. Energy and wavelength are indirectly proportional to each other, therefore a higher 

energy results in a shorter wavelength. 

Energy and frequency are directly proportional to each other, therefore a higher energy 

also means a higher frequency. 

Wavelength and frequency are indirectly proportional to each other, meaning that a 

longer wavelength constitutes a lower frequency. 

 

Study questions p. 12. 

1. You started with the question “What is light?” going on with a theory section about 

different physical properties of light, such as wave characteristics and the 

electromagnetic spectrum, as the research part. After that you started with the double 

slit experiment and constructed a hypothesis about how light would pass through the 

double slit. Conducting the experiment you tested your hypothesis and then drew a 

conclusion about what the result of the experiment meant for how light behaved in this 

experiment. 

2. The double slit experiment proves that light can behave like a wave, because it shows 

the interference phenomena, which is typical for waves, e.g. water waves.  

3. Interference with light waves means that waves can either be cancelled out (destructive 

interference) or added together (constructive interference) to show a pattern of many 

parallel lines in the experiment. A line of light shows there was constructive interference 

while a dark spot means destructive interference. 

 

Study questions p. 16. 

1. Monochromatic light consists of only one specific wavelength (e.g. from a laser) while 

polychromatic light is a mixture of different wavelengths all at the same time (e.g. 

from a light bulb). 

2. Light that we see as white is polychromatic light with a mixture of all wavelengths of 

the visible electromagnetic spectrum ranging from about 420 nm to 700 nm. 
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3. Sunlight covers a broad range of the electromagnetic spectrum but has the most intense 

emission of waves in the visible from 420nm – 700nm, and therefore seems white to us. 

Note that the sun also emits waves in the infrared and UV area, with the later one posing 

a threat to our health as it cannot be detected with our eyes, but can cause sunburn 

because of its higher energy than waves of the visible range. 
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Day I: Revision Quiz 

One of the team members please writes down the answers on a separate sheet of paper. 

The labels can be arranged and then left for the assistant to check later. 

 

Tasks: 

1. List the steps of the scientific method in the right order. 

 

2. Define visible light. 

 

3. Arrange the labels for the electromagnetic spectrum starting with the lowest energy on 

the left and the highest energy on the right. 

Green light, X-rays, red light, infrared, microwaves, ultraviolet. 

 

4. Draw the pattern you get in the double slit experiment when using:  

� Water 

� Bullets 

 

5. Imagine you are holding one end of a jump rope, and your friend holds the other. If your 

friend holds the other end still, you can move your end up and down, creating a wave.  

Describe both wave forms of the rope that you expect to see when your friend begins to 

move the other end up and down. 

 

6. Name the color you get when mixing equal amounts of blue and red light waves. 

 

7. State the range of wavelengths that a normal light bulb emits. 
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Day I: Revision Quiz 

-Solutions- 

1. List the steps of the scientific method in the right order. 

Question, research, construct hypothesis, test hypothesis, conclusion. 

2. Define visible light. 

Electromagnetic radiation of wavelengths between 420 nm – 700 nm, which travels in 

a vacuum at the speed of light. 

3. Arrange the labels for the electromagnetic spectrum starting with the lowest 

energy on the left and the highest energy on the right. 

Low energy – microwaves, infrared, red light, green light, ultraviolet, X-rays – high 

energy 

4. Draw the pattern you get in the double slit experiment when using: 

Water      Bullets 

5. Imagine you are holding one end of a jump rope, and your friend holds the other. 

If your friend holds the other end still, you can move your end up and down, 

creating a wave.  

Describe both wave forms of the rope that you expect to see when your friend 

begins to move the other end up and down. 

The rope would alternate between having waves with amplitudes two times the original 

amplitude and reaching equilibrium with no amplitude at all. The wavelengths will 

result in both constructive and destructive interference. 

6. Name the color you get when mixing equal amounts of blue and red light waves. 

You get purple. 

7. State the range of wavelengths that a normal light bulb emits. 

A normal light bulb shines white light so it is between 420 nm and 700 nm, which is the 

visible spectrum. 
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2 Day II – The Different Parts of a Spectrometer 

2.1 Before the Lab Starts 

Material: 

• Student manuals 

• White paper, pens, ruler, calculator, scissors 

• Grease (oil) 

• One poster per group 

• Hint cards for the groups 

• Laptops 

In the boxes: 

• Laser pointer 

• Diffraction grating with 1000 grooves per mm 

• White light source 

• Optical beam path with adjustable slit 

• Diffraction grating 

• Two white light sources (the ones with the regulators) 

• Cuvette with tea/colored water 

• Slit and cuvette mounting 

 

Preparation: 

Make sure where all of the material is so that you can help the students find it. Also ensure the 

laptops are working properly before handing them out.  

 

2.2 Learning Expectations 

� Working together as a team 

� Planning a presentation with the help of the manual 

� Creating a poster to support the presentation 

� Working carefully and autonomously 
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� Understanding the fundamentals of the different parts (diffraction grating, slit, cuvette with 

matter, light source) of the spectrometer and how they are working together 

� Describing how light interacts with matter 

� Relating how absorption and concentration are connected as well as absorbance and 

wavelength 

 

 

2.3 What to do During the Lab 

Introduction 

1. Welcome all participants 

2. Hand out the manuals 

3. Explain today’s schedule: 

 

 What to do Time 

Introduction Explain how the expert groups will work 

throughout the day. 

20 min 

Group A – Diffraction 

transmission grating 

This group will learn about how a 

diffraction grating diffracts light and what 

that means for white light. 

60 min 

Group A – Slit Different slit widths are tested to 

determine what kind of slit is needed in a 

spectrometer. 

30 min 

Group B – Light and its 

measurement 

This group will explore how light intensity 

can be measured and how this relates to a 

spectrometer. 

45 min 

Group B – Beer-Lambert 

law 

After that they will check the relationship 

between the concentration of a solution 

and the intensity of the transmitted light.  

45 min 

Group A and B Poster 

design and preparation for 

the presentations 

Each group assembles together to design a 

poster and prepare their presentation to the 

other group.  

30 min 

Presentations of A and B Each group presents their results to the 

other group with the help of a poster. 

30 min 

Clean-up Put away all boxes and material and hang 

up the posters. Make sure everything is in 

the correct place by checking the 

inventory check list of the boxes. 

10 min 

 

  30 min 



Day II – The Different Parts of a Spectrometer 

16 

 

4. Group division: 

Today there will be two different tasks, for which you will first split up into two groups (A and 

B) and then start to work with teams of three people on the following workshops:  

2 Teams of Group A will work on the workshops:  

- 2.2 The Diffraction Grating  

- 2.3 The Slit 

3 Teams of Group B will work on: 

• 2.4 Light and its Measurement  

• 2.5 The Beer-Lambert Law 

After the students are finished with the workshops each group assembles together, in order to 

prepare a presentation of the specific topic (A or B) and to present it to the other group. They 

should do that with the help of a poster. Figure 4 also illustrates the working structure for the 

day. Go over this illustration with the students. 

 

Figure 4: Work structure for day 2. 
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Working in expert groups 

The students are supposed to work mostly on their own, you should however still check when 

they create a hypothesis as well as help them along when they have questions (using the hint 

cards accordingly – first check what question they have and then give them the right card to 

figure out the problem). You are supposed to also keep an eye on the time.  

 

 

Presentations 

After the expert groups are finished preparing the presentations, ask everyone to assemble 

around the board. Each group has about 10 minutes to present their topic.  

After every presentation, there should be time to discuss questions.  

 

 

Clean-up 

Make sure all boxes and material is put away and hang up the posters. Thank everyone for their 

participation. Check the boxes with the help of the inventory lists.  

 

  

  30 min 

  90 min 

  10 min 
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2.4 Solutions for Day II Study Questions 

Study questions p. 27: 

1. A laser was directed at a 90° angle at a transmission diffraction grating and the angle of 

diffraction for different wavelengths was measured/calculated. A transmission grating 

consists of many grooves that make interference happen and therefore diffracts 

wavelengths.  

2. The wavelength of light is related to the angle by the following equation  
� = � sin � 

meaning that the shorter the wavelength, the smaller the angle.  

3. In a spectrometer these properties are used to split up white light into a rainbow-like 

pattern because white light consists of a number of different wavelengths that get split 

up at different angles.  

4.  

 

Study questions p. 30: 

1. The experiment used a variable slit width in order to observe how the width is related 

to the spectral resolution. A slit influences the amount of light that enters into a 

spectrometer as well as the angle at which it enters. 

2. Spectral resolution describes how well a device is able to separate close wavelengths. 

3. The wider the slit the more light enters and the more intense the light is. However it also 

means that the resolution is lower (unfocused lines), and vice versa. 

4. In a spectrometer one needs a narrow slit to get good optical resolution and a broad color 

spectrum. Without a slit there would not be an angle of incidence and the light could 

not be split up very well. The light would also be too intense. 
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Sample poster for group A 

Please note that this is just a suggestion, there are many possibilities when designing a poster. 

 

Study questions p. 37: 

1. By comparing light intensities to a standard, the experiment can measure luminous 

intensity. Two light sources are placed opposite each other and when the grease spot 

disappears both intensities are exactly the same.  

2. Absorption: The conversion of the energy of electromagnetic radiation, etc., into other 

forms of energy on passing through a medium. A beam of light, for instance, passing 

through a medium, may lose intensity because of absorption of photons by atoms or 

molecules in the medium. When a photon is absorbed, there is a transition to an excited 

state. 

Transmission: Light that passes through matter without being absorbed. 

Emission: Something sent forth by emitting: such as electromagnetic radiation. 

3. Because the energy that is used for the excitation of the electron is a specific one, a 

qualitative distinction for the elements can be made by looking at the exact wavelength 

that is absorbed by the molecule.  
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Study questions p. 41: 

1. Extinction (=absorbance): Occurs when matter absorbs electromagnetic radiation 

(light) from an electromagnetic source. The spectrum of electromagnetic radiation from 

the source therefore changes because certain wavelengths are not transmitted anymore. 

2. Concentration and absorbance are directly related to each other, meaning that the higher 

the concentration the more electromagnetic radiation gets absorbed. 

3. By creating a linear regression line of solutions with known concentrations. The 

extinction data gets plotted against the concentration, giving one a linear regression line 

which will provide the concentration of an unknown sample as the gradient.  

4. Absorbance of a solution is the highest when a wavelength very different than the color 

of the solution is directed at the solution. Light of the same color transmits very well. 

  



Day II – The Different Parts of a Spectrometer 

21 

 

5.  

 

Sample poster for group B 

Please note that this is just a suggestion, there are many possibilities when designing a poster. 

 

 

Hint cards for the transmission diffraction grating workshop:  
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Problem: No pattern shows up 

Make sure the white paper is not too far away from the diffraction grating, so the two first 

order maxima are visible on the paper. Also ensure that there is a 90° angle of incident light 

on the grating. 

Problem: Finding the diffraction angle 

You can calculate the diffraction angle with the following help: 

 

First you need to measure the distance between the diffraction grating and the white paper 

(m=0) maxima, followed by the distance between that light maxima and the first order 

maxima (m=1). 

tan(�) = ������� �������� (�)
������� �������� (�) 

tan(�) =  �
� 

Remember to take the arctan(�) or tan��(�) to get an answer in degrees. 

� =  tan�� ��
�  

Problem: Wrong numbers as results 

In order to get an angle as a result your calculator must be set on DEGREE (button: DRG). 

Remember to express your answer in nanometers [nm] but use meters [m] for all the 

calculations. 
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Problem: Finding d 

What distance is the gap between the centers of each groove in order to fit 1000 grooves 

into 1 mm? 

 

Number of grooves per mm=1000. Therefore, groove spacing can be calculated in the 

following way: 

� = 1
" = 1

1000 = 0.001%% = 1 × 10�'% . 

 

Problem: Finding m 

You only have to calculate the first order maximum so in your formula % = 1. 

 

Therefore the formula    % � = � sin � , 
can be simplified to 

 

� = � sin � . 

Sample Solution 

Example - How to calculate the wavelength for a measured angle of 15°: 

Number of grooves per mm=1000. Therefore, groove spacing can be calculated in the 

following way: 

� = 1
" = 1

1000 = 0.001%% = 1 × 10�'% . 

Because we are only looking at the first order maximum  % = 1 the formula 

% � = � sin � , 
can be simplified to  

� = � sin � . 
If we now put in all our measured and calculated data we get the wavelength of the 

monochromatic light in meters which we then convert to nanometers.  

For example (your data may look a little bit different) 

� � = 1 × 10�' × sin 15° =   2,58 × 10�-% = 258 �% 

� (.���/ ������/) = 258 �% 
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3 Day III – Working with the Spectrometer 

3.1 Before the Lab Starts 

Material 

• Blue spectrometer boxes with all materials inside 

• Laptops 

• Cuvettes 

• Water 

• Blue ink 

• Pipettes 

• Spectrometer puzzle 

• Board and pens for writing 

 

Preparation 

Make sure where all material is so that you can help the students find it. Also ensure the laptops 

are working properly before handing them out.  

 

3.2 Learning Expectations 

� Working together as a team 

� Understanding the make-up of a spectrometer and how the parts are connected to assemble 

it 

� Conducting the calibration of a spectrometer and understanding the measuring process 

� Conducting of experimental measurements autonomously 

 

3.3 What to do During the Lab 

Introduction 

1. Welcome all participants 

2. Hand out the manuals 

3. Explain today’s schedule: 

  30 min 
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 What to do Time 

Introduction  Welcome everyone. 

Explain the outline of today and divide the groups so 

there is an even mix of A and B from the days before. 

10 min 

Workshops:   

Assembling the 

Spectrometer 

The students get to use the puzzle and set up the 

spectrometer. They will revise once more how the 

different parts work together and what way the light 

travels through the spectrometer. 

30 min 

Calibration With the properly set up spectrometer a calibration 

needs to be done. 

30 min 

Experiments and 

Measurements 

Emission peaks of LEDs: 

The students will determine the emission peaks of 

different LED lights with the help of the 

spectrometer. 

30 min 

 Qualitative experimental proof: 

The students will measure an absorption spectrum 

for colored water and draw conclusions about it. 

40 min 

Conclusion The students create a concept map on the board to 

review what they have learned the last three lab days. 

30 min 

Clean-up Put away all boxes and material make sure 

everything is stored properly. Go over the inventory 

check list once more to make sure everything is there 

and in the correct place. Also take down the posters. 

10 min 

 

4. Group division. Make sure the groups from yesterday mix again so there is at least one 

expert of the A and B group in at least every team. 

5. Practical workshops: The groups will now work through the workshops with your help. 

 

Conclusion: Revision with a Concept Map 

Ask everyone to come together for a final assembly. First ask if there are any questions left. 

Then explain to the students how a concept map works and how they should use it to go over 

what they have learned during the three lab days. 

To make it easier to arrange the concepts ask the students to write the different concepts on 

cards. Then ask them to connect them and label these lining lines accordingly. You may have 

to rearrange sometimes but that is ok. 

Concept maps are graphical tools for organizing and representing knowledge. They include 

concepts, usually enclosed in circles or boxes of some type, and relationships between concepts 

indicated by a connecting line linking two concepts. Words on the line, referred to as linking 

words or linking phrases, specify the relationship between the two concepts. [3] 
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The following figure is an example of how such a concept map should look like with the labeled 

arrows/linking lines and connected concepts. 

 

Sample concept map 

 

Figure 4: Example concept map. 

The students should now start their concept map with the label:  

SPECTROSCOPY 

 

Please make sure the students include the following concepts in their map: 

• Light and light sources 

• Energy 

• Wave 

• Absorption, transmission 

• Spectrometer and its parts and functions 

 

An example for a concept map can be found on the next page. 
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Figure 5: Concept map example for spectroscopy. 
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3.4 Solutions for Day 3 Study Questions 

Solution for the Spectrometer Puzzle: 

 

Figure 6: The assembly of the spectrometer explained. 

The path of light: 

Light source, emits white light (polychromatic, of different wavelengths). Passes through a 

narrow slit in order to get good spectral resolution and to get a 90° angle of incidence. After 

that the light waves travel through the cuvette with a solution. Some (specific) wavelengths will 

excite the outer electrons of the molecules in the solution and therefore they will be absorbed 

by the solution. Other wavelengths will transit without being absorbed and therefore the 

spectrum of light that exits the cuvette will be different from the one that entered (which is the 

one from the light source). After that the light, which may still appear white to us (or not, 

depending on what wavelengths get absorbed), gets diffracted into a spectrum according to the 

wavelengths and diffracted at slightly different angles. This now allows us to see what 

wavelength may have disappeared because they were absorbed by the solution in the cuvette. 

The web cam detects these different wavelengths. 

 

 

 

 

 



Day III – Working with the Spectrometer 

29 

 

Solution for the colored LEDs 

Please note that the spectrum’s wavelengths may vary slightly (accept only ±15 �%) due to 

calibration mistakes, but if the difference is too great, repeat your calibration and then retry the 

measurement. 

 

LED 1: 465 nm, blue 

 

LED 2:  640 nm, red 

 

LED 3: 525 nm, green 
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Example reference spectra for blue ink water: 

 

 

 

Solutions for the absorption spectrum measurement: 

1. In the spectrum when the line is high, it means that the intensity of the light waves 

transmitted is high (a lot of light is able to pass), when the line is low it means that the 

sample has absorbed some of the lights intensity. Keep in mind that these spectra show 

the light that transmits, and not absorption. The correct termination is "transmission 

spectra" but the term "absorption spectra" is used sometimes. Only by comparing the 

reference spectrum with the transmission spectrum we can gain information about the 

properties of our substance to analyze. 
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2. Blue ink water absorbs wavelengths that are ca. 525 nm and above. Light of shorter 

wavelengths is still transmitted (blue 400 nm- 525 nm green). 

3. The ink water appears blue to us because the wavelengths of the complementary colors 

of blue are absorbed by the ink and therefore cannot pass through the substance. Only 

wavelengths that appear blue to us can transmit through the substance. The same results 

can be seen when trying the experiment with “Beer’s Law Lab”. 

4. When you have too high of a concentration of blue ink, too many wavelengths will be 

absorbed because of the correlation of the Beer-Lambert Law with transmission. Your 

measured spectrum will not correctly show you the absorption of a blue substance 

because too much will be absorbed and you will not see the characteristic peaks. The 

other way around will not work either, because when the concentration is too low then 

not enough wavelengths will be absorbed because there are not enough particles in the 

solution that can absorb the complementary wavelengths. Your spectrum will not show 

the characteristic dips that it should for that color. 
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4 Glossary 

Absorption The conversion of energy of electromagnetic radiation, etc., 

into other forms of energy on passing through a medium. A 

beam of light, for instance, passing through a medium, may lose 

intensity because of absorption of photons by atoms or 

molecules in the medium. When a photon is absorbed, there is 

a transition to an excited state. [4] 

Beer-Lambert law A law relating the reduction in luminous intensity of light 

passing through a material to the length of the light’s path 

through the material: i.e. 1 =  − log � 6
67

 =  8 � �, where ε is 

the molar absorption coefficient, I is the intensity after passing 

through a sample of length d, I0 is the incident intensity, and c 

is the molar concentration of a species. The Beer–Lambert law 

states that the intensity of light (or any other form of 

electromagnetic radiation) passing through a sample 

diminishes exponentially with the concentration and the 

thickness of the sample (for a given wave number). [4] 

Constructive interference When two waves arrive at the same point exactly in phase, then 

their crests and troughs are precisely aligned. [2] 

Destructive interference When two identical waves arrive at the same point exactly out 

of phase; that is, precisely aligned. [2] 

Electromagnetic 

radiation 

Energy in the form of electromagnetic waves. [5] 

Electromagnetic 

spectrum 

The full range of wavelengths or frequencies of 

electromagnetic radiation. [2] 

Emission Something sent forth by emitting: such as electromagnetic 

radiation. [5] 

Excitation A process in which a nucleus, electron, atom, ion, or molecule 

acquires energy that raises it to an excited state, higher than 

that of its ground state. The difference between the energy in 

the ground state and that in the excited state is called the 

excitation energy. [4] 

Excited state A state of a physical system (such as an atomic nucleus, an 

atom, or a molecule) that is higher in energy than the ground 

state. [5] 

Extinction (=absorbance) The diminution of transmitted light via scattering and 

absorption of a medium. [5] 
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Frequency 9 (:;) The number of complete wave cycles (up-down-up) passing a 

given point within one second (cycles/second). [2] 

Ground state The lowest stable energy state of a system, such as a molecule, 

atom, or nucleus. [4] 

Interference The mutual effect on meeting of two wave trains (such as light 

or sound) that constitutes alternating areas of increased and 

decreased amplitude (such as light and dark lines or louder and 

quieter sound). [5] 

Light Electromagnetic radiation of any wavelength that travels in a 

vacuum with a speed of ca. 300,000 kilometers per second. [5] 

Linear regression line A straight line (e.g. derived from least squares methods) that 

best approximates a set of points on a graph. [5] 

Luminous intensity The intensity of a light source as measured by the luminous flux 

per unit solid angle and usually expressed in candela [cd]. [5] 

Monochromatic light Waves having the same wavelength and frequency, or 

macroscopically speaking, the same color. [6] 

Polychromatic light Relating to radiation (light) that is composed of more than one 

wavelength. [5] 

Qualitative analysis Chemical analysis designed to identify the components of a 

substance or mixture. [5] 

Quantitative analysis Chemical analysis designed to determine the amounts or 

proportions of the components of a substance. [5] 

Spectral resolution How well a device is able to separate close wavelengths. [7]  

Transmission Light that passes through matter without being absorbed. 

Transmission diffraction 

grating 

A system of close equidistant and parallel lines used to produce 

spectra by diffraction (interference). [5] 

Wave A disturbance or variation that transfers energy progressively 

from point to point in a medium and which may take the form 

of electric or magnetic intensity. [5] 

Wave velocity The speed at which a disturbance (i.e. a wave) moves. [2] 

Wavelength < (=>?@A>) The distance between adjacent identical parts of a wave. The 

distance is parallel to the direction of propagation.[2] 

White light A mixture of electromagnetic radiation with wavelengths 

ranging from about 380 nm to about 700 nm (1 �% = 10�B %. 

Our eyes perceive different wavelengths of radiation in this 

range as different colors, so it can be said that white light is a 

mixture of light of all different colors. [8] 
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