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MQM2-Exercises

What is the wavelength of a tennis ball (10g) moving at 120 km/s?
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What is the energy of a person of 80 kg according to Einstein formula?
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What is the frequency and the wavenumber of the color green at 532 nm?
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II. ATOMIC SPECTRA AND ATOMIC STRUCTURE

Calculate the wavenumber and the wavelength of the transitions of He+ for the analogue of the Balmer series of hydrogen .
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Which of the following transition are electric dipole allowed: a) 1s(2s b) 1s(2p c) 2p(3d d)3s(5d e)3s(5p?

a) no

b) yes

c) yes

d) yes (weak, double photons process)

e) yes

Draw the lines representing electronic absorption of  the Lyman and Balmer series of the H2 spectrum. Consider just the orbitals having principle quantum number 4 or less. 
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III. MULTI ELECTRONS SYSTEMS-Spin angular momentum (S), orbital angular momentum (L), total angular moment (J)
Consider the cation V3+. Its electronic configuration is [Ar]3d2. How many Slater determinants (microstates) should I use to describe the system? What are the possible values of the total spin and total orbital momentum? What is the splitting induced by a magnetic field (Zeeman effect)? 
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determinants of Slater
n = number of allowed places 

p = number of electrons
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Considering the magnetic field interaction (
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	1S
	3P
	1D
	3F
	4G

	
	
	3P2
	
	3F4
	

	
	
	3P1
	
	3F3
	

	
	
	3P0
	
	3F2
	

	(2L+1)(2S+1)
	1
	9
	5
	21
	9

	(2J+1)
	1
	5+3+1
	5
	9+7+5
	9


As you can see, the 
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of all terms of the configuration, were n and m are the minimum and the maximum value of J, is equal to 45. Those are the possible Slater determinants that describe our atomic system.
Consider the excited state of He*. Its electronic configuration is 1s12s1.  What are the possible values of the spin and orbital momentum? How many levels do we see if we apply a magnetic field? 
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What are the possible values of MJ? For 1S, MJ is 0, for 3S are -1/0/1.
IV. HUND’S RULES
The most stable terms are the ones with the highest multiplicity of spin momentum (2S+L). States with the highest multiplicity of angular momentum are more stable than the ones with lower multiplicity of angular momentum.
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Considering only 
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 as the repulsion term in our 
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, we have the following splitting and the energetic profile for the terms of carbon:
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V. SLATER DETERMINANTS
Consider the non perturbed hydrogen like electronic disposition of V3+. It is [Ar] 3d3. We have 120 determinants of Slater that describes quantum mechanically the allowed places where electrons are localized without breaking the Pauli’s principle. Let’s see two examples:
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The determinant considers all the four quantum numbers (l,n,m,s) plus an exchange number for each electron.

Considering the diagonal elements we can write down the reduced Slater determinant:
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Considering the diagonal elements, we can now write down the reduced Slater determinant:
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VI. THE ZEEMAN EFFECT
Let’s consider the first excited state of Hg  6s1 6p1. The terms of this configuration are 1S0 3S1 1P0 3P2 3P1 3P0. Now we want to calculate the wavelength for an electronic transition occurring between the levels 3S1 and 3P2. Without a magnetic field the energy of the light emititted is  546 nm. Considering the energies of the orbitals we have the following situation:
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We should now consider the g-factor for the electron 
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 since we can calculate the new wavelength of the absorbed light considering the application of a magnetic field using the formula:
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We find that for 
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For 
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For 
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VII. THE ELECTRON GAS MODEL-absorption of butadiene:

What is the wavelength of the light absorbed by butadiene? Use the electron gas model to calculate the absorption.
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VIII. THE SYMMETRY OF MOLECULAR BOND-the H2 molecule (Not requested for the tentamen):
The molecule belong to group symmetry 
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The (reducible) Γσ representation of H2 can be found by considering indifferently the black or the red arrows as indicators two orbitals s involved in the bond.  
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One should see how they act under the symmetry operation of the group from which the molecule is represented. If the symmetry operation leaves unchanged the vector, the contribution is 1. If the vector change sign, the contribution is -1. If the vector changes position, the contribution is 0. 
Γσ for H2 is then:
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Considering the group 
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 we can reduced our representation using the formula:
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We find that 
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 that is a sum between a symmetric and an anti symmetric representation:
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 are thus the representation of the molecular orbitals 
If we want to consider the molecular orbital σ formed after interaction of the atomic orbitals s, we must consider of which representation they are the base. To do that, we have to see how the vectors react at the symmetry operations. The same is for the other orbitals (p, d, f, …).  We can deduce now that the energetic scheme of the molecular orbital becomes:
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The bond order number (b.o.d) = n of electron in bonding orbital- number of electron in non bonding orbital. For H2 is 2.
The spin multiplicity is 1 (from 2S+1) since Stot=0
IX. HÜCKEL FOR ALIPHATIC  SYSTEMS

What is the secular determinant of the allyl radical? What is the difference of energy between LUMO and HOMO expressed in term of  ?
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Whose solution is
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Or in another way:
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The energy difference between HOMO and LUMO is 1,41 
X. HÜCKEL FOR AROMATIC  SYSTEMS

What is the secular determinant of the cyclopropenyl cation? What is the difference of energy between LUMO and HOMO expressed in term of  ?
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XI. CRYSTAL FIELD

When a transition metal ion is in a solution, it naturally tends to form complexes. The most common complexes have geometry of a tetrahedron (Td), of an octahedron (Oh) or square planar. According to the crystal field theory, the geometry of the ligands influences the energies of the electrons in the last occupied orbitals d around the ion inducing a splitting depending on which direction the d orbitals are pointing. This splitting is called 10Dq or for an octahedron.

Using Jörgensen formula (f(ligand)*g(central ion)) is possible to calculate the splitting induced. The result is the wavenumber expressed in cm-1.
Here below the table for some of the ions:

	Ligands
	f
	Ion
	g

	6 F-
	0.90
	V(II)
	12.30

	6 H2O
	1.00
	Cr(III)
	0.21

	6 urea
	0.91
	Mn(II)
	0.07

	6 NH3
	1.25
	Mn(IV)
	0.50

	6 en
	1.28
	Fe(III)
	0.24

	6 ox2-
	0.98
	Co(III)
	0.35

	6 Cl-
	0.80
	Ni(II)
	0.12

	6 CN-
	1.70
	Mo(III)
	0.15

	6 Br-
	0.76
	Rh(III)
	0.30

	6 dtp-
	0.76
	Re(IV)
	0.20

	
	
	Ir(III)
	0.30

	
	
	Pt(Iv)
	0.50
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