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Exercise Series No. 1

Exercise 01:
1- Energy Diagram
a) Draw the electronic energy level diagram of the hydrogen atom (limit to the first 6 levels).
b) What does the lowest energy level correspond to?
c) What does the energy level E = 0 eV correspond to?
2- Energy Absorption
a) What is the behavior of a hydrogen atom in its ground state when it receives a photon with an energy of 12.75 eV?
b) What is the behavior of a hydrogen atom in its ground state when it receives a photon with an energy of 11.0 eV?
c) Calculate the energy that an incident photon must possess to ionize a hydrogen atom initially in its ground state. What is the wavelength associated with this photon?
d) What is the behavior of a hydrogen atom in its ground state when it receives a photon with an energy of 15.6 eV?
3- Energy Emission
A hydrogen atom in its ground state (n = 1) that receives energy (electrical, light, etc.) can, if this energy is well suited, move to higher energy levels (n = 2, 3, 4, etc.). This atom, which possesses excess energy, is in an excited, unstable state. It de-excites to return to a more stable state by emitting energy in the form of light.

a) The return from an excited level (n > 1) to the ground state n = 1 gives rise to the Lyman series. Calculate the extreme wavelengths of the radiation corresponding to this series (wavelengths measured in vacuum or air).
b) The return to level n = 2 gives rise to the Balmer series. Calculate the extreme wavelengths of the radiation corresponding to this series.
· [bookmark: _GoBack]Are there visible radiations (between 400 nm and 800 nm) in this series?
Given data:
Planck's constant: h = 6.62 × 10⁻³⁴ J•s
Speed of light in vacuum or air: c = 3.0 × 108 m/s
1 eV = 1.6 × 10⁻¹⁹ J
Exercise 2:
The dark line C corresponds to the absorption of photons with wavelength λc = 656 nm.
Calculate the energy ΔEc of these photons.
The chromospheres contain, among other things, hydrogen atoms whose energy of the nth level is given by the Bohr relation.
a. Calculate the energies of the first four energy levels of the hydrogen atom.
b. Place these energy levels on a diagram.
c. Show that the absorption of a photon with energy ΔEc corresponds to the transition of a hydrogen atom from the first to the second excited state.
d. The F line, with wavelength 487 nm, corresponds to the transition of hydrogen atoms from the first excited state to another excited state. Determine that state.
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Exercise Series No. 2
Exercise 1:
a) Construct the energy diagram of the following molecules:
H2, S2, Cl2, N2
b) Calculate the bond order.
c) Are these molecules paramagnetic or diamagnetic? Justify.
d) For the S2 molecule and its corresponding ions (S2⁺, S₂²⁺, S₂⁻, S₂²⁻), the following S–S bond distances (in Å) are found:1.72 / 1.79 / 1.88 / 2.0 / 2.20
e) Assign each bond length to the correct species.
Exercise 2:
The energies of the atomic orbitals of carbon and oxygen atoms are given in eV:
Carbon:1s (–307 eV) 2s (–19 eV)   2p (–11.7 eV)
Oxygen:1s (–560 eV) 2s (–33.7 eV)   2p (–17.1 eV)
1) C2 and O2 Molecules
a) On the same graph, construct the energy diagrams of C and O.
b) For one of these molecules, there is a strong sp interaction. Which one?
c) The sp interaction is negligible for the other. Which one?
d) Construct the molecular orbital diagram for C2 and O2.
e) Each of these molecules can form a cation and an anion. The following bond lengths are observed:
dO2- > dO2> dO2+ et dC2+> dC2 > dC2-
Justify these results.
f) In the series O₂, O₂⁺, and O₂⁻, which molecule has the highest dissociation energy? Why?


2) CO Molecule
a) Construct the energy diagram of CO and calculate its bond order.
3) NO Molecule
a) Construct the energy diagram of NO.
b) Consider the species NO⁺. Give its electronic structure. Is it more stable than NO?

Exercise 3:
Indicate the hybridization of the carbon atoms and hetero atoms in the following compounds.
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