SOLUTIONS-13

E13.1(b):
(1)  The principal quantum number, n, determines the energy of a hydrogenic atomic orbital through eqn 13.13

(2)  The azimuthal quantum number, l, determines the magnitude of the angular momentum of a hydrogenic atomic orbital through the formula {l(l + 1)}1/2h.

(3)  The magnetic quantum number, ml , determines the z-component of the angular momentum of a hydrogenic orbital through the formula mlh.
(4) The spin quantum number, s, determines the magnitude of the spin angular momentum through the formula {s(s + 1)}1/2h. For a hydrogenic atomic orbitals, s can only be ½

(5) The spin quantum number,ms, determines the z-component of the spin angular momentum through the formula msh. For hydrogenic atomic orbitals, ms, can only be ±1/2

E13.2(b):
(a) A boundary surface for a hydrogenic orbital is drawn so as to contain most (say 90%) of the probability density if an electron in that orbital. Its shape varies from orbital to orbital because the electron density distribution is different for different orbitals.

(b) The radial distribution function gives the probability that the electron will be found anywhere within a shell of radius r around the nucleus. It gives a better picture of where the electron is likely to be found with respect to the nucleus than the probability density which is the square of the wavefunction.

E13.3(b):
The first ionization energies increase markedly from Li to Be, decrease slightly from Be to B, again increase markedly from B to N, again decrease slightly from N to O, and finally increase markedly from N to Ne. The general trend is an overall increase of I1 with the atomic number across the period. That is to be expected since the principal quantum number (electron shell) of the outer electron remains same, while its attraction to the nucleus increases. The slight decrease from Be to B is a reflection of the outer electron being in a higher energy sub-shell (larger l value) in B than in Be. The slight decrease from N to O is due to the half-filled sub-shell effect; half-filled sub-shells have increased stability. O has one electron outside of the half-filled p sub-shell and that electron must pair with another resulting in strong electron-electron repulsions between them.
E13.4(b):
An electron has a magnetic moment and magnetic field due to its orbital angular momentum. It also has a magnetic moment and magnetic field due to its spin angular momentum. There is an interaction energy between magnetic moments and magnetic fields. That between the spin magnetic moment and the magnetic field generated by the orbital motion is called spin-orbit coupling. The energy of interaction is proportional to the scalar product of the two vectors representing the spin and orbital angular momenta and hence depends upon the orientation of the two vectors. See Fig.13.29. The total angular momentum of an electron in an atom is the vector sum of the orbital and spin angular momenta as illustrated in Fig.13.30 and expressed in eqn 13.46. The spin-orbital coupling results in a splitting of the energy levels associated with atomic terms as shown in Figs 13.31 and 13.32. This splitting shows up in atomic spectra as a fine structure as illustrated in Fig.13.32.

E13.5(b):
The energy of the photon that struck the Xe atom goes into liberating the bound electron and giving it any kinetic energy it now possesses. 

              Ephoton = I + Ekinetic       I = Ionization energy

The energy of a photon is related to its frequency and its wavelength.

            Ephoton  =  hv =  hc/λ

and the kinetic energy of an electron is related to its mass and speed

            Ekinetic  =  ½ mes2
So,         hc/λ  =  I +  ½ mes2   

                              (6.626 * 10-34 J s) * (2.998 * 108 m s-1)
                   I   =  

                  58.4 * 10-9 m

                            -  ½(9.11 * 10-31 kg) * (1.79 * 106 m s-1)2
                        =   1.94 * 10-18 J  

                        =   12.1 eV

E13.11(b):

Orbital angular momentum is

                <L2>1/2 = 
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(l(l + 1))1/2
There are l angular nodes and n – l – 1 radial nodes.

(a) n = 4, l = 2, so <L2>1/2 = 61/2 
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= 2.45 * 10-34 J s       

      2 angular nodes      1 radial node

(b) n = 2, l = 1, so <L2>1/2 = 21/2 
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= 1.49 * 10-34 J s

      1 angular node        0 radial nodes

(c) n = 3, l = 1, so <L2>1/2 = 21/2 
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= 1.49 * 10-34 J s

       1 angular node      1 radial node

E13.12(b):
For l > 0, j = l ± ½, so

(a)  l = 1,    so j = 1/2  or 3/2

(b)  l  = 5,   so j = 9/2  or 11/2

E13.13(b):
Use the Clebsch-Gordan series in the form

      J = j1 + j2, j1 + j2 – 1,........│j1 – j2│

Then, with j1 = 5 and j2 = 3

      J = 8,7,6,5,4,3,2

E13.15(b);
The letter F indicates that the total orbital angular momentum quantum number L is 3; the superscript 3 is the multiplicity of the term, 2S + 1, related to the spin quantum number S = 1; and the subscript 4 indicated the total angular momentum quantum number J.

E13.17(b):
(a) 5d        2s is not an allowed transition, for Δl = -2 (Δl must equal ±1).

(b) 5p        3s  is allowed , since Δl = -1.

(c) 5p        3f  is not allowed, for Δl = +2 (Δl must equal ±1).

E13.18(b):
For each l, there are 2l + 1 values of ml and hence 2l + 1 orbitals – each of which can be occupied by two electrons, so maximum occupancy is 2(2l + 1)

(a) 2s:l = 0; maximum occupancy = 2
(b) 4d:l = 2; maximum occupancy = 10

(c) 6f:l  = 3; maximum occupancy = 14

(d) 6h:l = 5; maximum occupancy = 22
E13.21(b):
The coupling of a p electron (l = 1) and a d electron (l = 2) gives rise to L = 3(F), 2(D) and 1(P) terms. Possible values of S include 0 and 1. Possible values of J (using Russell-Saunders coupling) are 3,2 and 1 (S = 0) and 4,3,2,1 and 0 (S=1). The term symbols are

    1F3; 3F4, 3F3, 3F2; 1D2; 3D3, 3D2, 3D1; 1P1; 3P2, 3P1, 3P0
Hund’s rules state that the lowest energy level has maximum multiplicity. Consideration of spin-orbit coupling says the lowest energy level has the lowest value of J(J + 1) – L(L + 1) – S(S + 1). So the lowest energy level is 3F2 .
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