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Ultraviolet and Visible Spectroscopy 

Introduction 

 This experiment was carried out to demonstrate the effect of atomic structure on the 

interaction of materials with light at different electronic levels and the extent, to which such 

microscopic properties as color, were altered by changes in structure at the atomistic level. 

Computational tools were applied to calculate the length of waves absorbed by different atomic 

structures and consequently predict the UV-Vis spectra for different materials provided. In the 

first phase of the lab experiment, the computed spectra were applied to determine what type of 

molecular structure matched low phenolphthalein and high pH structures. Phenolphthalein was 

purposely used to find out the pH level of a solution. If the latter remains clear after adding 

phenolphthalein, it indicates a low pH (0 to 8), but if it turns pink/red, the solution is said to have 

a high pH (8 to 12). The second phase of the lab research relied on computational tools to 

determine how the absorption of light changed, being a function of the span of the molecular 

chain. A conjugated polymer absorbs in the visible spectrum, and the light absorbed in the UV-

Vis area is taken as a function of the polymer lengthwise. In this phase, the absorption spectrum 

is computed by the UV/Vis spectra simulator for alkene molecules with a carbon chain of 8, 16, 

24, 32, and 40. The study of interactions between electromagnetic radiation and matter, precisely 

ultraviolet and visible wavelengths of light interacting with valence electrons, is referred to as 

spectroscopy. When a beam of light passes through a prism, it is dispersed into a set of seven 

distinct colors called a spectrum. The red color appears on the top and the violet one at the 

bottom. This phenomenon proves that indeed light has a wide range of energies. A narrow band 

of the latter was observed in the UV and the visible region with a range from 400nm to 800nm. 

Violet occurred at the lower part of the spectrum indicating that it had higher energy, while red, 

which appeared at the top, was an indication that it was a lower energy wavelength. The visible 
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spectrum is in the area of absorption for many valence electrons that constitute materials 

participating in the bonding. The nature of the compound is understood from the type of 

radiation, and the concentration of the substance is researched based on the amount of radiation. 

In UV spectroscopy, the sample has the broad spectrum of UV radiation. Therefore, if the given 

electronic transition corresponds to the energy of a particular band of UV, it will be absorbed, 

and the rest UV light passes through the sample (“UV Spectroscopy”). This residual radiation 

makes it possible to get a spectrum with spaces at these separate energies. It is called an 

absorption spectrum. Light constantly distributes energy that excites electrons in atoms, solids, 

or molecules. Accordingly, electrons change their ground state to an excited one, if the energy of 

the incoming photon corresponds to the difference in the energy levels that depend on the 

spacing, type, and arrangement of atoms. Moreover, a simplistic tool, which is a complementary 

color wheel, determines the color that materials take when absorbing certain wavelengths of 

white and is more effective for simple single peak absorption. The color depends on the 

absorption peak, being selected on the opposite side of the circle. Therefore, the experiment was 

reliable in observing the wavelengths of the absorbed material in the UV/Vis spectrum 

depending on the respective energies. If there were no difference in energy levels of light in the 

UV/Vis region, no absorption would occur. 

Procedure 

 The experiment took two phases. The first one entailed identifying the atomic structure 

that matched either low or high pH molecules with the use of the UV/Vis spectra simulator. The 

uploading section was selected, and the excel file was then copied and pasted followed by a click 

on the upload button. Phenolphthalein data had the discrete number of charge and multiplicity 

applied to the molecular system. The simulation button was clicked to start and run the program, 

and as a result, the molecular structure, MO diagram, and absorption spectrum were observed. 
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The outcome justified that the selection of a molecule with a low or high pH was based on the 

results of the computed spectra and the complementary color wheel. The differences in the 

energies of the allowed electronic states were observed. Observing the MO diagram, greater 

separation energy for the structures with a low and high pH was visible. In addition, the 

electronic states and wavelengths determined the red color of the high pH structure and 

explained why the low pH one was clear. In the second phase, the main aim was to observe 

conjugated polymers known to absorb light in the visible spectrum. When the chain became 

longer, the conjugation length of the molecule was seen to increase relative to the number of 

alkene molecules. Changing the conjugation length affected the wavelength of the lead peak and 

the difference in energy of the allowed states. Moreover, the rate of the change in the lead peaks 

was identified as a function of the conjugation length. The color was expected to change at each 

length.  

Result 

 The result unveiled how changes in the atomic structure led to differences in how light 

interacted with a material, and how alterations in the electronic structure changed macroscopic 

properties.  
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Fig. 1. Molecular structure of                                      Fig. 2. Molecular structure of 

phenolphthalein-1.                                         phenolphthalein-2. 

 

Fig. 3. Absorption spectra of              Fig. 4. Absorption spectra of 

phenolphthalein-1.                                                  phenolphthalein-2. 

 

 Fig. 5. MO diagram of phenolphthalein-1.        Fig. 6. MO diagram of phenolphthalein-2. 

 Figure 1 and Figure 2 show charges of different structures. The white atom represents 

hydrogen, red is oxygen, and green is carbon. Figure 3 and Figure 4 represent the absorption 

spectra. They indicate which molecule has a high or low pH structure by comparing with the 
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complementary color wheel. Figure 5 and Figure 6 demonstrate how the difference in the energy 

of the allowed electronic states changes as a function of the structure.  

 

Fig. 7. Absorption spectra of 8-carbon.          Fig. 8. Absorption spectra of 16-carbon. 

 

Fig. 9. Absorption spectra of 24-carbon.         Fig. 10. Absorption spectra of 32-carbon. 
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Fig. 11. Absorption spectra of 40-carbon.         Fig. 12. Changes in the lead peak. 

 The second phase of the experiment involved the calculation of the absorption spectrum 

for alkene molecules. Figure 7 to Figure 11 showed that changes in the wavelength of the lead 

peak depended on the type of the structure. Figure 12 demonstrates changes in the wavelength of 

the lead peak in relation to the number of carbons. 

Discussion 

 The UV/Vis spectra simulator calculated the wavelength of the absorbed light by 

different atomic structures using computational tools. In the first phase of the experiment, the 

latter were used to determine which molecular structure corresponded to phenolphthalein 

structures with a low and high pH. Phenolphthalein changed solutions with a high pH to 

pink/red, and solutions with a lower pH remained clear. A simplistic tool was used to explain the 

color materials taken when absorbing certain wavelengths of white light in the complementary 

color wheel (Figure 13). Color is determined by identifying the absorption peak and selecting 

color on the opposite side of the color.  
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Fig. 13. Color wheel. 

The wavelength of each phenolphthalein structure was 503.52nm and 212.3nm 

respectively (see fig. 3 and fig. 4). Phenolphthalein-1 represented the green color, and the 

opposite side of the color was red. Therefore, phenolphthalein-1 changed the color of the 

solution to pink/red, and this molecule was the high pH structure, while phenolphthalein-2 

indicated low pH solutions, which remained clear. White light is made up in the process of the 

distribution of all wavelengths in the visible spectrum. The absorption of light leads to the 

removal of certain wavelength from white light, consequently making the material appear 

colored. Electrons change their ground state to an exited one, if the energy of the incoming 

photon corresponds to the difference in energy levels. Therefore, only selected wavelengths are 

absorbed by a molecule or solid. The difference in the energy of the allowed electronic states is 

represented in the MO diagram (see fig. 5 and fig. 6). It shows the LUMO and HOMO of 

phenophthalein-1 and phenophthalein-2, and the difference between them. These are 5.627eV 

and 7.5876eV respectively, and converted into Joules, they correspond to 9.0032e-19 J and 

1.214e-18 J. It indicates a greater difference between the allowed states for low and high pH 

structures. The second phase unveils how the absorption of light changes as a function of the 

molecular chain. An increase in the length of the chain leads to an increase in the conjugation 

length of the molecule, but to a slightly different degree. By increasing the length of the chain, 

the highest wavelength increases. Consequently, changing the structure led to the difference in 
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the energy of the allowed states. By comparing the equation E = , an increase in the 

wavelength of each structure will result into a decrease in the energy of the allowed states. The 

outcome can be unveiled by comparing the LUMO and HOMO of phenophthalein-1 and 

phenophthalein-2 as shown in the first phase of the experiment. The energy of 16-carbon was 

9.61e-19 J and 3.13e-10 J for 32-carbon, indicating a decrease by increasing the wavelength of 

the structures. The pink color of 24-carbon, 32-carbon, and 40-carbon and the yellow color of 

16-carbon and 8-carbon remained clear.  

Conclusion 

 From the above discussion, this experiment confirms that the atomic structure alters the 

interaction of materials with light at the electronic levels, and that changes in the structure at the 

atomistic level can alter macroscopic properties of a material. The first phase of the lab 

experiment indicated that phenolphthalein was used to visually verify the pH of different 

solutions. Through the comparison of the wavelengths of each structure, phenolphthalein-1 was 

seen to have turned a clear solution to a pink/red one, indicating that the molecule had a high pH 

structure, while phenolphthalein-2 helped to determine the low pH of solutions, which remained 

clear. Phenolphthalein-1 indicated lower energy of changes in the allowed electronic states than 

phenolphthalein-2. The increased wavelengths of the structure led to a respective decrease in the 

energy of the allowed electronic state. In the second phase of the experiment, the absorption 

spectrum for alkene molecules of 8, 16, 24, 32, and 40 carbon chains was computed. Each of the 

lead peaks increased by increasing the conjugation length, while the energy decreased. 

Summary 

 This experiment relates to the field of molecular spectroscopy, which is the study of the 

interaction of electromagnetic waves and matter. The experiment shows how light is scattered at 
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different electronic levels and the extent, to which such microscopic properties as color are 

altered by changes in the structure at the atomistic level. Computational tools, which were 

applied in the calculation of wavelengths absorbed by different atomic structures, consequently 

predict the UV-Vis spectra for different materials. A spectrum  is formed, when  a  narrow  beam  

of  light  is  passed  through  the material, where white light is dispersed into the visible spectrum 

of primary colors. This visible light is merely part of the whole spectrum of electromagnetic 

radiation. Different atomic structures affect the way, in which materials will interact with light at 

discrete electronic levels, as well as how changes in the structure at the atomistic level can adjust 

macroscopic properties of a material. The sum of electronic, vibration and rotational energy of a 

molecule is the overall energy contained in the one. Energy  that is absorbed  in  the  UV  region  

causes  changes  in  the  electronic  energy  of  the molecule. Light, which has a constant 

distribution of energy, excites electrons in atoms, solids, or molecules. They jump from their 

ground state to an excited one, if the energy of the incoming photon matches the difference in the 

energy levels. A simplistic tool explicates the color that materials take when absorbing certain 

wavelengths of white light and is more effective for simple single peak absorption. 

 


