			CONCEPTS

Lab Manual: Chem102
Lab: UV-Vis Spectroscopy of Dyes
Scriptwriter Name: Amy Manocchi

1. [bookmark: _GoBack]When white light reaches a substance, a portion of the light is transmitted through it, and absorbed or reflected by it. Color, as our eyes perceive it, is the result of a material absorbing light with a wavelength equal to that of its complimentary color, or the color directly opposite on the color wheel. 

2. For example, a piece of fabric that we see as blue actually contains a dye that strongly absorbs the light with a wavelength in the orange region of the visible spectrum. Dyes are typically conjugated compounds, meaning that they have alternating double and single bonds.

3. These conjugated molecules vary in length and degree of conjugation, and thus vary in the wavelength of light they absorb.  So how is wavelength related to the degree of conjugation?

4. When a molecule absorbs light, an electron moves from the highest occupied molecular orbital, called the HOMO (H-O-M-O), to the lowest unoccupied molecular orbital, or LUMO (L-U-M-O). After this happens, there is an energy gap between the electron in the higher energy state, and the ones in the lower energy state.

5. This difference, delta E, corresponds to the energy of a photon, which is characterized by its wavelength.  This wavelength may or may not be within the visible range of the electromagnetic spectrum. 

6. As the HOMO-LUMO gap, or delta E, decreases, the wavelength absorbed increases. Non-conjugated molecules have a larger gap; they absorb very small wavelengths and appear colorless.  

7. But conjugated molecules have a much smaller gap, and absorb wavelengths within the visible range. The higher the degree of conjugation, the smaller the HOMO/LUMO gap. 

8. So for example, a molecule with a large HOMO/LUMO gap absorbs violet, and thus appears yellow, like retinol. However, a molecule with a small HOMO/LUMO gap absorbs red, and appears green, like chlorophyll a. 

9. We can study these light interactions using a UV-visible spectrophotometer.  A spectrophotometer consists of a light source and a collimator, which is simply a lens or focusing device that transmits parallel rays of light.

10. Next, a monochromator separates the beam of light into its component wavelengths, and a wavelength selector, or slit, transmits only the selected wavelength or range of wavelengths. This light is then focused on the sample. 

11. When the photons interact with the molecules in the sample, some are absorbed and some are transmitted. Thus, the intensity of the transmitted beam is lower than the intensity of the incident beam. 

12. The detector in the spectrophotometer measures the intensity of the transmitted beam, and calculates the transmittance. Transmittance is defined as the ratio of the intensity of the transmitted light to the intensity of the incident light. 

13. The spectrophotometer software typically outputs a value of absorbance, which is the inverse logarithm of transmittance. Absorbance can be measured at a specific wavelength, or measured over a wavelength range, since compounds often absorb at more than one wavelength. The wavelength at which the compound absorbs the most is called lambda-max. 

14. This is the wavelength where a substance has the highest extinction coefficient. The extinction coefficient is a constant unique to each substance that describes its ability to absorb light at a particular wavelength. 

15. We can use that extinction coefficient, along with the absorbance and path length traveled in the instrument, to calculate the concentration of the substance in our sample. This equation is the Beer-Lambert law.

16. In this lab, you will analyze the absorption characteristics of fluorescein, beta-carotene and indigo dye [1] using a UV-vis spectrophotometer. [2] You’ll then use the Beer-Lambert law to create a beta-carotene calibration curve [3] and then determine the concentration of the beta-carotene solution. [4]
1.16.1. Reuse shot: 2.10.3 (3 finished solutions with labels facing camera) 
1.16.2. Reuse shot: 4.10.1/4.10.2 (Talent inserts sample into UV-Vis spec) 
1.16.3. Reuse shot: 2.10.2 (5 solutions of beta carotene) 
1.16.4. Reuse shot: 5.5.1 (Talent cleans cuvette and places it in UV-Vis spec)  
Learning Objectives: 
In this section, we list 5 important questions (eg, What is transformation?) that the students should be able to answer at the end of each lab. Complete this after the finalization of the script and storyboard. Do NOT worry about filling in this box in your first version. 



Take-Homes: 
In this section, we list 5 important take-home messages from the lab. Usually, these are answers to the 5 questions in learning objectives. Complete this after the finalization of the script and storyboard. Do NOT worry about filling in this box in your first version. 
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