Excitation and emission of electrons

Work through Miss Coombs’ PowerPoint presentation to help complete these notes:

1. Described the processes that might result in electrons in their orbits around the nucleus absorbing energy?

2. If an electron in orbit receives more energy than the outer-most energy level, what can occur?

3. An electron may be found in its “ground state” – explain the meaning of this term.

4. An electron’s energy when it is at infinity (i.e. outside the influence of the nucleus) is defined to be zero (joules or electron volts).  The ionisation energy is defined to be the work done in moving an electron from infinity to its orbit around the nucleus.  Use these two ideas to explain why the energy levels of electrons around atoms are often labelled with negative values.

5. If an atom is illuminated with lower frequency radiation it might not have the energy to be ionised – what might happen instead?

6. An excited electron is usually in an “unstable state” – explain the meaning of this phrase and say what might eventually happen to it 

7. When an electron loses energy by emission it gives out electromagnetic radiation of a particular colour – why?  Why doesn’t it give out light of all colours?

Collisions between electron and electrons

8. In a mercury vapour lamp (a fluorescent tube) there are fast moving free electrons.  Explain why.

9. What can happen when the fast moving free electrons collide with electrons in the atoms of mercury?

10. The mercury vapour lamp has a phosphorus coating, which undergoes fluorescence and produces white light.  Explain using the keywords: collision, excitation, unstable excited state, and emission.  (As an extension you might want to think about why white light and not one particular colour of light is emitted)

11. The equation to help calculate the frequency of the energy released during any emission event is:  

hf   =   E2   -   E1

where h = planks constant (Js), f is the frequency of the radiation (Hz) and E1 and E2  are the energy value of the two energy levels (in Joules).  

12. An electron falls down from an unstable excited energy level of -1.2eV to a ground state of -9.5eV

a. Calculate the energy change in Joules

b. Calculate the frequency of the emitted radiation

c. Calculate the wavelength of the emitted radiation

13. An atom is exposed to radiation of wavelength 104.5nm.  A photon of this radiation collides with an atom with a ground state of –13.6eV and all of the energy is absorbed by a ground state electron.

a. Calculate the frequency of the radiation

b. Calculate the energy of this radiation

c. Because energy levels are quantised (the energy can only go up in little jumps, steps or packets) then only the following energy levels are allowed:  -13.6eV, -3.4eV, -1.5eV.  Choose which energy transition will be most likely in this example (explaining why with a calculation)

d. This excited energy state is unstable and the electron quickly falls down just one energy level.  What is the result of this transition? (Justify your answer with a calculation)

e. Draw a 2d energy level transfer diagram to show transitions occurring in this question.

14. Sodium vapour lamps (the orange street lights) contain atomic sodium vapour heated and exposed to a high potential.  They give off an orange coloured light.  What does this suggest about the electron transfers occurring in the lamp?  (Hint: steal some info from your coursework to answer this with a calculation)

15. Follow this link to read about emission spectra.  

http://www.colorado.edu/physics/2000/quantumzone/index.html
Why do elements have “discrete emission spectra” that can act as a “fingerprint” or “signature” as to their identity?

Draw an example of line spectra

Explain why atoms with a smaller atomic number tend to have a simpler line emission spectra.

Extension1: Find out how spectra from distant stars and galaxies can be used as evidence to determine size and possible eventual fate of the universe! (no kidding – this spectra stuff is big time !)

Extension2:  Find out how absorption spectra are used to provide evidence for the temperature, lifetime, nature of and even the distance to stars, galaxies and other cosmic bodies.

