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27. (a) In the absence of a magnetic field, the 3d to 2p energy difference is 
 

    2 2

1 1( 13.6057 eV) 1.88968 eV
3 2

E  = − − = 
 

 

 
and the wavelength is 
 

  1239.842 eV nm 656.112 nm
1.88968 eV

hc
E

λ ⋅
= = =  

 
The magnetic field gives a change in wavelength of 
 

2 2
5(656.112 nm) (5.79 10 eV/T)(3.50 T) 0.0703 nm

1239.842 eV nm
E

hc
λλ −∆ = ∆ = × =

⋅
 

 
The wavelengths of the three normal Zeeman components are then 656.112 nm, 656.112 
nm + 0.070 nm = 656.182 nm, and 656.112 nm − 0.070 nm = 656.042 nm. 
 

28. The energy of the 2p to 1s Lyman transition is 
 

2 2

1 1( 13.60570 eV) 10.20428 eV
2 1

E  = − − = 
 

 

 
and its wavelength (in the absence of fine structure) is 
 

1239.842 eV nm 121.5022 eV
10.20428 eV

hc
E

λ ⋅
= = =  

 
With the fine structure energy splitting of 4.5 × 10-5 eV, the wavelength splitting is 
 

2 2
5(121.5 nm) (4.5 10 eV) 0.00054 nm

1240 eV nm
E

hc
λλ −∆ = ∆ = × =

⋅
 

 
The fine structure splits one level up by 0.5∆E and the other down by the same amount, 
so the wavelengths are 
 

1 1
2 2121.5024 nm and 121.5019 nmλ λ λ λ+ ∆ = − ∆ =  

 
29. The 3d fine structure splitting is roughly 
  

5
2 4 61

3
6.0 10 eVE mc α −∆ = = ×  
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Chapter 8 
 
 

1. (a)  For a 2p electron, n = 2, l = 1, ml = 0,±1 and ms = ±½, so the possible sets of 
quantum numbers (n,l,ml,ms) are:  

(2,1,+1,+½), (2,1,+1,−½), (2,1,0,+ ½), (2,1,0,−½), (2,1,−1,+½), (2,1,−1,−½) 
(b) There are 6 possible sets of quantum numbers for each electron, so the total number 
of possibilities for 2 electrons is 6 × 6 = 36. 
(c) The Pauli principle prevents the two sets from being identical.  There will be 6 
combinations in which the two sets are identical; eliminating these combinations leaves 
30 allowed combinations. 
(d) Because the n values are different, the Pauli principle does not restrict the number of 
combinations, to there will be 36 possible combinations. 
 

2. (a) The two electrons in the 1s level have ms of +1/2 and −1/2, so they do not contribute 
to the total ms, and the same is true for the two electrons in the 2s level.  In the 2p level, 
there are three different possible values of ml, and for each of those values we can assign 
a set of quantum numbers with ms = +1/2, so the maximum possible value of the total ms 
is +3/2. 

 (b) (n, l, ml, ms) = (2, 1, +1, +1/2), (2, 1, 0, +1/2), (2, 1, −1, +1/2) 
 (c) There is only one possible value of the total ml in the states that maximize ms, and 

from the states listed in (b) that value is +1 + 0 + (−1) = 0. 
 (d) We could maximize the total ml by giving the first 2p electron ml = +1, and the 

second electron can also have ml = +1 if we give these two electrons opposite values of 
ms.  The third electron cannot have ml = +1, so we must assign it ml = 0 and the 
maximum total ml is +2. 

 
3. (a) There are seven possible values of ml (+3, +2, +1, 0, −1, −2, −3).  For each choice of 

ml, the value of ms can be either +1/2 or −1/2, so there will be a total of 14 possible 
combinations of ml and ms. 

 (b) By a suitable choice of ml, it is possible to have as many as seven electrons in the 4f 
level with ms = +1/2.  So the three electrons can each be assigned ms = +1/2 for a total of 
+3/2. 

 (c) Two electrons can be assigned ml = +3 (one with ms = +1/2 and one with ms = −1/2).  
The next highest possible value of ml available for the third electron is ml = +2, so the 
maximum value of the total is +3 + 3 + 2 = +8. 

 (d) We can assign ms = +1/2 to no more than seven 4f electrons, and so the last three 
must have ms = −1/2 which gives a total of 7(+1/2) + 3(−1/2) = +2. 

 (e) We can maximize the total ml by assigning two electrons each to ml = +3, +2, +1, 0, 
and −1, for a total of +10. 

 
4. (a) In beryllium (1s22s2) the smallest energy jump is from 2s to 2p. 
 (b) In neon (1s22s22p6) the smallest energy jump is from 2p to 3s.   
 (c) From Figure 8.1 we see that the 2s→2p energy difference is smaller than the 2p→3s 

difference, so the minimum absorption energy would be smaller for beryllium. 
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5. (a) From Figure 8.2 we find: N (2p3), P (3p3), As (4p3), Sb (5p3), Bi (6p3), Mc (7p3). 
 (b) Co (3d7), Rh (4d7), Ir (5d7), Mt(6d7) 
 

6. (a) [Ne] 3s23p3       (b) [Ar] 4s23d3   (c) [Kr] 5s24d105p3    (d) [Xe] 6s24f145d106p2 
 

7. (a) [Ne]3s13p1        (b) [Ar]3d104p1   (c) [Ne]3s23p54s1    (d) [Ne]3s13p3 
 
8. (a) [He]2s22p1        (b) [He]2s22p4   (c) [Ne]3s23p6    (d) [Ar]4s23d10 

 
9. (a) 7s, 5f, 6d, 7p  (b) 8s, 5g, 6f, 7d, 8p  

(c) The capacity of the 8th period would be 2 + 18 + 14 + 10 + 6 = 50, so Z = 118 + 50 = 
168 

 
10. (a) [Ar]4s23d6. 

 (b) The 4s electrons and the Ar core have a total ms of zero.  Of the six 3d electrons, at 
most five can have ms = +1/2 without violating the Pauli principle (because there are only 
five different ml labels that can be used), and the sixth electron must then have ms = −1/2.  
The total ms is then 5 × (+1/2) + (−1/2) = +2. 

 (c) The five electrons with ms = +1/2 use up all of the possible ml values (+2, +1, 0, −1, 
−2), which sum to zero.  The sixth electron has a maximum ml of +2, so the maximum 
total ml is +2. 

 (d) The next available level for one of the 3d electrons is 4p.  The remaining five 3d 
electrons can all have ms = +1/2, and so can the single 4p electron.   The maximum total 
ms is 5 × (+1/2) + (+1/2) = +3.  The ml values of the five 3d electrons again sum to zero, 
and the 4p electron has a maximum ml of of +1, so the total ml is +1. 

 
11. Singly ionized lithium has two electrons.  When one of those is excited to a higher level, 

it is screened by the one electron remaining in the 1s level so eff 3 1 2Z = − = .  The 
expected energy when the outer electron is excited to the 2p level is 
 

2 2
eff
2 2

2( 13.6 eV) ( 13.6 eV) 13.6 eV
2n

ZE
n

= − = − = −  

 
which agrees very well with the measured value of −13.4 eV.  When the outer electron is 
in the 3d level, its expected energy is 
 

2 2
eff
2 2

2( 13.6 eV) ( 13.6 eV) 6.0 eV
3n

ZE
n

= − = − = −  

 
in excellent agreement with the measured value.   

 
12. The outer electron is screened by the three inner electrons, so eff 4 3 1Z = − = .  The 

expected energy of the 3p excitation is 
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eff
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 1 1(4 2 ) (1240 eV nm) 4.373 eV
491.2 nm 670.8 nm

E s s
 

∆ → = ⋅ + = 
 

 

 1 1(5 2 ) (1240 eV nm) 4.750 eV
427.3 nm 670.8 nm

E s s
 

∆ → = ⋅ + = 
 

 

 
(c)  (2 2 ) (2 ) (2 )E p s E p E s∆ → = −  

 
(2 ) (2 ) (2 2 ) (2 )

(2 2 )
1240 eV nm5.39 eV 3.54 eV

670.8 nm

hcE p E s E p s E s
p sλ

= + ∆ → = +
→

⋅
= − + = −

 

  
The 2p ionization energy is therefore 3.54 eV.   
  

(3 ) (2 ) (3 2 ) 5.39 eV 3.37 eV 2.02 eVE s E s E s s= + ∆ → = − + = −  
 

The 3s ionization energy is 2.02 eV. 
 

15. (a) The electron configuration of In (Z = 49) shows a filled 4d subshell with a single 
electron in the 5p subshell. So the 49th electron is going into a state with a larger principal 
quantum number n. Since n determines the average distance of the electron from the 
nucleus, In has a larger atomic radius than Cd (Z = 48), and also has a smaller ionization 
energy. 
(b) Similar effects occur at Z = 31(Ga) where the 3d subshell has filled and the 31st 
electron goes into the 4p shell, and also at Z = 81 (Tl) where the 5d subshell has filled and 
the next electron occupies the 6p subshell. 

 

16. Solving Equation 8.4 for Z with 1240 eV nm 6392 eV
0.1940 nm

hcE
λ

⋅
∆ = = = , we obtain 

  
6392 eV1 1 26

10.2 eV 10.2 eV
EZ ∆

= + = + =  

so the element is iron. 
 

17. Ca (Z = 20): 2 2(10.2 eV)( 1) (10.2 eV)(19) 3.68 keVE Z∆ = − = =  
 Zr (Z = 40): 2 2(10.2 eV)( 1) (10.2 eV)(39) 15.5 keVE Z∆ = − = =  
 Hg (Z = 80): 2 2(10.2 eV)( 1) (10.2 eV)(79) 63.7 keVE Z∆ = − = =  
 
 The values computed from Moseley’s law are smaller than the measured values, and the 

discrepancy increases as Z increases. 
 
18. The energy intervals corresponding to the observed wavelengths are: 
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27. (a) For the 3s outer electron of sodium, inserting E3 = −5.14 eV into Equation 8.1 gives 
 

eff
5.14 eV3 1.84

13.6 eV 13.6 eV
nEZ n −

= = =
− −

 

 
The simple screening model predicts Zeff = 1, so clearly the 3s electron is slightly 
penetrating the inner orbits and so is less screened by the inner electrons. 
(b) For the 4f state,  

 

eff
0.85 eV4 1.00

13.6 eV 13.6 eV
nEZ n −

= = =
− −

 

 
so the screening is complete, with the 11 positive charges in the nucleus screened by the 
10 electrons in the n = 1 and n = 2 shells. 

 
 
28. 

0
30
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90

120
150
180

0 10 20 30 40 50 60

 
 
 The slope of the line is 3.48 eV1/2 and the intercept is 1.8.   
 The Kβ X rays originate from the n = 3 shell, so we must modify Equation 8.4 

accordingly: 
2 2

3 1 2 2

1 1( 13.6 eV)( 1) (12.1eV)( 1)
3 1

E E E Z Z ∆ = − = − − − = − 
 

 

 
The expected slope is then (12.1 eV)1/2 = 3.48 eV1/2, which agrees exactly with the slope 
of the graph.  The screening model predicts an intercept of 1; the value from the graph is 
slightly larger, which suggests that our assumption that the screening is due to a single 1s 
electron is not quite correct. 

Z 

∆E  
(eV)1/2 
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29. 

    

0

20

40

60

80

0 10 20 30 40 50 60 70

   
  

The slope is 1.40 eV1/2 and the intercept is 6.4. 
The Lα X rays originate from the n = 3 shell and lead to the n = 2 level.  It is difficult to 
calculate the screening effect of the 1s, 2s, and 2p electrons on the n = 3 electron that 
makes the transition, so we’ll represent it by the value k. 
 

2 2
3 2 2 2

1 1( 13.6 eV)( ) (1.89 eV)( )
3 2

E E E Z k Z k ∆ = − = − − − = − 
 

 

 
The expected slope is (1.89 eV)1/2 = 1.38 eV1/2, in very good agreement with the slope of 
the graph.  If all of the n = 1 and n = 2 electrons contributed to the screening, we would 
expect k = 9, in contrast to the value 6.4 obtained from the intercept of the graph.   
 

30. The wavelength difference is ∆λ = 0.59 nm.  By taking differentials of E = hc/λ, we can 
find the corresponding energy difference: 

  
3

2 2

1240 eV nm (0.59 nm) 2.1 10 eV
(590 nm)

hcE λ
λ

−⋅
∆ = ∆ = = ×  

 
This energy difference comes from the interaction of a magnetic field B with a magnetic 
moment that we assume is of the order of 1 mB.  The energy difference between the cases 
with the magnetic moment parallel to B and antiparallel to B is (see Figure 7.25) 

2 BE Bµ∆ = , so 
3

5

2.1 10 eV 18 T
2 2(5.8 10 eV/T)B

EB
µ

−

−

∆ ×
= = =

×
 

 
This is quite a large magnetic field, of the order of the largest that can be produced in the 
laboratory with superconducting electromagnets. 
 

31. (a) Figure 8.4 shows that the longest absorption wavelength from the ground state is 
670.8 nm, in the visible region of the spectrum. 

 (b) From Figure 8.17, the longest ground-state absorption wavelength is 58.4 nm, in the 
ultraviolet region. 

 (c) The shortest absorption wavelengths (largest absorption energies) are those that ionize 
the atom.  For lithium this is 

∆E  
(eV)1/2 

 

Z 


