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Chapter 13 

The magnetic properties of molecules  

All the following material © P.W. Atkins and R.S. Friedman. 

Exercises 

13.1 B  = :0 H  [eqn 13.1a]  

 In terms of magnitudes:  (Note: 1 T = 1 V s m−2 and 1 J = 1 V A s = 1 N m) 

   B  = :0 H   

   H = B/:0  = 1.0 T/(4B × 10−7 N A−2)  = 8.0 × 105 A m−1 

13.2 (a) M  = PH  [eqn 13.3b] 

   M  = PH  = (−9.02 × 10−6) × (80 × 103A m−1) = −0.72 A m−1 

         (b) M  = 
ଵ

ఓబ
ቀ ఞ

ଵାఞ
ቁB  [eqn 13.3c] 

      B = (1 + P):0 M/P    

   = (1 − 9.02 × 10−6) × (4B × 10−7 N A−2)  × (−0.72 A m−1) / (− 9.02 × 10−6) 

   = 0.10 T    

13.3  Follow the first brief illustration of Section 13.2. For a mass density of 5.0 g cm–3  

 

and a molar mass of 210 g mol–1, the number density is  

    

N	ൌ ఘேA

ெ
ൌ ହ.଴ൈଵ଴ల	g	mషయ

ଶଵ଴	୥	୫୭୪షభ
ൈ ൫6.022 ൈ 10ଶଷ	molିଵ൯ ൌ 1.43 ൈ 10ଶ଼	mିଷ 

 

The magnetic susceptibility at 293 K due to complexes with S = 1 
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 (so  m0 = 2B{S(S + 1)}1/2 = 81/2B) is 

 

߯ ൌ
ሺ4π ൈ 10ି଻	Tଶ	Jିଵ	mଷሻ ൈ 8	 ൈ ሺ9.274 ൈ 10ିଶସ	J	Tିଵሻଶ ൈ ሺ1.43 ൈ 10ଶ଼	mିଷሻ

3 ൈ ሺ1.381 ൈ 10ିଶଷ	J	Kିଵሻ ൈ ሺ293	Kሻ
 

ൌ 1.0 ൈ 10ିଷ 

 

Note that the final answer is consistent with the assumption that  << 1 (as required in the  

 

derivation of eqn 13.7); all the units cancel.  

13.4  The molar magnetic susceptibility is given by eqn 13.10.  

߯୫ ൌ
଴݉଴ߤ

ଶ
Aܰ

3݇ܶ
 

ൌ
ሺ4π ൈ 10ି଻	Tଶ	Jିଵ	mଷሻ ൈ 8	 ൈ ሺ9.274 ൈ 10ିଶସ	J	Tିଵሻଶ ൈ ሺ6.022 ൈ 10ଶଷ	molିଵሻ

3 ൈ ሺ1.381 ൈ 10ିଶଷ	J	Kିଵሻ ൈ ሺ293	Kሻ
 

 = 4.3 × 10−8 m3 mol−1 

13.5  The Curie constant C is given by eqn 13.11: 

ܥ ൌ
଴݉଴ߤ

ଶ
Aܰ

3݇
 

ൌ
ሺ4π ൈ 10ି଻	Tଶ	Jିଵ	mଷሻ ൈ 8	 ൈ ሺ9.274 ൈ 10ିଶସ	J	Tିଵሻଶ ൈ ሺ6.022 ൈ 10ଶଷ	molିଵሻ

3 ൈ ሺ1.381 ൈ 10ିଶଷ	J	Kିଵሻ
 

 = 1.3 × 10−5 m3 K mol−1 

13.6  m  C/T [eqn 13.11]. For hydrogen atoms at 298 K, C  4.7  106 m3 K mol1, and T/K  

298; then m  1.6  108 m3 mol1. 
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Exercise: Calculate the spin contribution to m for the ground state of a nitrogen atom at 

298 K. 

 

13.7 Because ,222  zyx SSS  it follows that 

 2
3
1222

3
12 SSSSS zyxz  

But S2  ħ2S(S  1) for each state. Therefore,  2
zS   2

3
1 )1( SS . 

Exercise: Evaluate 4
zS   in this way. 

13.8 See Fig. 13.1. 
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Exercise: Sketch the form of F  x2࢑෡ z2ଙ̂, and calculate its divergence and curl. 

13.9 (a)  

 B  Bଙ̂; 

 A  1 1
2 2

ˆ ˆ ˆ

ˆ 0 0B B 
x y z

i j k

i r   1
2

ˆ ˆ( )z y B j k      

   

(b) 

 B  B(ଙ̂  ଚ̂)/ 2  

 A  (B/2 2 )(ଙ̂  ଚ̂)  r 

  (B/2 2 )

zyx

011

ˆˆˆ kji

 B/2 2 ){(zଙ̂ – zଚ̂ + (y – x)	࢑෡}  

For a uniform field, 

A2  { 2
1 (B  r)}  { 2

1 (B  r)} 

    4
1 {(B  B)(r  r)  (B  r)(r  B)}  2 2 21

4 { ( ) }r   rB B      

 

 (a) B  r  Bx;    A2  4
1 B2(r2  x2)  2 2 21

4 ( )B z y    

 (b) B  r  (B/ 2 )(x  y); A2  ¼ B2{r2 – ½(x2 + y2)2}  
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   B = ׏	ൈ  [eqn 13.14]  ࡭

ൌ ቮ
ଙ̂ ଚ̂ ࢑෡

ݔ߲/߲ ݕ߲/߲ ݖ߲/߲
െݕeି௞௭ eି௞௭ݔ 0

ቮ [Section MB6.2] 

                     ൌ െ	ଙ̂ డ	
డ௭
ሺݔeି௞௭ሻ െ ଚ̂ డ	

డ௭
ሺݕeି௞௭ሻ ൅	࢑෡ ቄడ	

డ௫
ሺݔeି௞௭ሻ ൅ డ	

డ௬
ሺݕeି௞௭ሻቅ 

ൌ eି௞௭ሼ݇ݔଙ̂ ൅ ଚ̂ݕ݇ ൅ 2࢑෡ሽ 

સ ∙ B  = 
డ	

డ௫
ሺ݇ݔeି௞௭ሻ ൅ డ	

డ௬
ሺ݇ݕeି௞௭ሻ ൅	 డ	

డ௭
ሺ2eି௞௭ሻ ൌ 2݇eି௞௭ െ 2݇eି௞௭ 

										ൌ 0	 

Therefore, the magnetic field does not have non-zero divergence.  

13.12  m  (e20NA/6me)r2    [eqn 13.40] 

 1s  (Z*3/ 2/13
0 )a eZ*r/a0 

 2s  (Z*5/96 2/15
0 )a reZ*r/2a0 

 r21s  0
2π π 2 * /3 3 2 2

0 0 0 0
( * /π ) d sin d { e }d  

    Z r aZ a r r r    

  )π/*( 3
0

3 aZ (2)(2){4!/(2Z*/a0)
5}  22

0 */3 Za  

 r22s  )π96/*( 5
0

5 aZ (2)(2) rr arZ de
0

/*6 0
   

  )π96/*( 5
0

5 aZ (4){6!/(Z*/a0)
7}  22

0 */30 Za  

Therefore, in each case we write 
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 m  (e20NA/6me) ,*/ 22
0 ZKa     (a) K  3 for 1s, (b) K = 30 for 2s 

   (9.95  1012)K/Z*2 

 (i) For the hydrogen atom, take Z*  1, K  3; 

 11 3 1
m (H) 2.99 10 m mol      

(ii) For the carbon atom, take Z*(1s)  5.67, Z*(2s)  3.22 [Table 7.3]; 

 m(C, 1s)  9.28  1013 m3 mol1; (C, 2s)  2.88  1011 m3 mol1 

Exercise: Use the true hydrogenic 2s-orbitals to calculate (H, 2s) and compare it with 

the Slater orbital result. Does the orthogonalization of the Slater H1s and H2s improve the 

agreement? 

13.13   P = :0 Nξ [eqn 13.33]. Using eqns 13.8 and 13.9, we obtain 

   Pm = PVm = :0 Nξ Vm = :0ξNA  

 and therefore     

   ξ = Pm/(:0NA). 

 (a)(i) ξ(H, 1s) = −2.99 × 10−11 m3 mol−1 /{(4B × 10−7 T2 J−1 m3) × (6.022 × 1023 mol−1)} 

             = −3.95 × 10−29 N−1 A2 m3 

  (a)(ii) ξ(C, 1s) = −9.28 × 10−13 m3 mol−1 /{(4B × 10−7 T2 J−1 m3) × (6.022 × 1023 mol−1)} 

             = −1.23 × 10−30 N−1 A2 m3 

  (b)(ii) ξ(C, 2s) = −2.88 × 10−11 m3 mol−1 /{(4B × 10−7 T2 J−1 m3) × (6.022 × 1023 mol−1)} 

             = −3.81 × 10−29 N−1 A2 m3 

 

13.14  We desire contour diagrams of the type shown in Fig. 13.9 in the text.  
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xy-plane for a ground-state hydrogen atom in a magnetic field. 

 

Exercise: Calculate and plot the current densities in the same three planes for an electron 

in a hydrogenic 2s-orbital. 

13.15  Take the following hydrogenic orbitals [s  r/a0]: 

 2s  R20Y00  (Z3/8 2/13
0 )a (1  2

1 Zs)eZs/2 

 3p  R31Y10  (1/27)(2Z5/ 2/13
0 )a s(2  3

1 Zs)eZs/3 cos  

When the field is along z there is no paramagnetic contribution. The diamagnetic current 

densities are given by 

 jd  (e2B/2me) C2
0     [eqn 13.54a] 

(a) jd(2s)  (Z3e2B/16me )3
0a (1  2

1 Zs)2CeZs 

  (Z3e2B/16me )2
0a s(1  2

1 Zs)2(ଙ̂ sin   ଚ̂ cos )eZs sin  

which correspond to circular contours denoting magnitudes 

jd(2s)/j*  s(1  2
1 Zs)2eZs sin ,    j*  Z3e2B/16me

2
0a  

When   90 and Z  1, 

jd(2s)/j*  sss  e)1( 2
2
1  

which is sketched in Fig. 13.5. 
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Exercise: Evaluate j(4pz) and j(3s) for hydrogenic orbitals, the magnetic field being 

applied in the z-direction. 

 

13.16 We need to show that the vector potential given in eqn 13.62b has zero divergence. If the 

spin angular momentum I and the position vector r are written in terms of their 

components 

         I  Ix ଙ̂ Iyଚ̂  Iz࢑෡       r  xଙ̂  yଚ̂  z࢑෡ 

then, using the definition of the vector product (eqn MB3.4e), we find 

Anuc  N 0
34πr

  
 
 

{ଙ̂(Iyz  yIz)  ଚ̂ (Izx  zIx)  ࢑෡ (Ixy  xIy)}   

Using the definition of the divergence (eqn MB6.3), we obtain 

   Anuc  N 0
3

( ) ( ) ( )
4π

                   
y z z x x yI z yI I x zI I y xI

x y zr
    

   0 

because Iy and z are independent of x and so forth. 

Exercise: Evaluate the curl of the vector potential given in eqn 13.62b. 

 

13.17 A magnetic dipole that has only a z-component can be written m = mz k. The vector 

potential A then takes the form (see eqn 13.62a): 

 

࡭ ൌ	ቀ
଴ߤ
4πݎଷ

ቁ࢓	 ൈ ࢘ 
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ൌ ቀ
଴ߤ
4πݎଷ

ቁ ቮ
ଙ̂ ଚ̂ ࢑෡
0 0 ݉௭
ݔ ݕ ݖ

ቮ					 

		ൌ 	 ቀ
଴݉௭ߤ

4πݎଷ
ቁ ሺെݕଙ̂ ൅  ଚ̂ሻݔ

13.18   

d  (e20/12me)(1/r)    [eqn 13.74] 

(2s)  (Z*5/96 5
0a )1/2 reZ*r/2a0    [Exercise 13.12] 

(2pz)  (Z*5/32 5
0a )1/2 r cos  eZ*r/2a0    [Problem 13.4] 

 (1/r)2s  (Z*5/96
2π π5 2

0 0 0 0
) d sin d  



  a r {r2(1/r)eZ*r/a0}dr  

   (Z*5/96 5
0 )a (2)(2){3!/(Z*/a0)

4}  1
4 (Z*/a0) 

 (1/r)2pz
  (Z*5/32

2π π5 2
0 0 0 0
) d sin d  



  a r {r2(1/r) cos2 eZ*r/a0}dr   

 

  (Z*5/32 5
0 )a (2)(2/3){3!/(Z*/a0)

4}  1
4 (Z*/a0) 

Therefore, for each type of orbital, 

 d  (e20/12me)(Z*/4a0)  e20Z*/48mea0 

   4.44  106 Z* 

For an electron in a carbon atom, for which Z*(2s)  3.22 and Z*(2p)  3.14 [Table 7.3], 

(a)  2s : d  1.43  105    (b)  2p : d  1.39  105 
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Exercise: Calculate the contribution to d of an electron in (a) a hydrogenic 2s-orbital, (b) 

Slater 3s- and 3p-orbitals. 

 

13.19 The 2s-orbital gives zero paramagnetic contribution. The 2p-electron contributes 

p  (e20/12
3

2 0 0
e

0 0

( )
) }n n

n n

r
m

E






 l l

    [eqn 13.75]    

  (e20/12 2
e )m pzlxpypyr 3lxpz/E 

[We are assuming that the orbital mixed in is py, so only lx contributes; another px-orbital 

nearby would give an additional contribution through ly.] Because lxpz  iħpy this 

expression becomes 

p  (e20ħ
2/12 2

e )m py1/r3)py/E 

 (1/r3)2py
  (1/r3)2pz

 

   (Z*5/32
2π π5 2

0 0 0 0
) d sin d  



  a r {r2(1/r3) cos2  eZ*r/a0}dr  

   (Z*5/32 5
0 )a (2)(2/3){1/(Z*/a0)

2}  Z*3/ 3
024a  

Consequently, 

 p  (e20ħ
2/12 2

e )m 3 3
0( * /24 )Z a (1/E) 

   (e20ħ
2/288 2 3

e 0 )m a (Z*3/E) 

   2.013  105 Z*3/(E/eV) 
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For carbon, Z*  3.14 [Table 7.3], so 

p  6.23  104/(E/eV)  1.2  104 when E/eV  5.0 

Exercise: Calculate the paramagnetic contribution to the shielding of an electron in a 3pz-

orbital. 

 

13.20 The magnetic perturbation transforms as a rotation. In C2v, Rx, Ry, Rz transform as 

2 1 2B ,B ,A  respectively. Therefore, because 

A1  {B2, B1, A2}  {B2, B1, A2} 

it follows that for NO2 the components gxx, gyy, gzz depend on the admixture of 

2 2 2
2 1 2B , B , A  terms respectively. Because 

B1  {B2, B1, A2}  {A2, A1, B2} 

it follows that for ClO2, gxx, gyy, gzz depend on the admixture of 2A2, 
2A1, 

2B2 respectively. 

Exercise: What states contribute to gxx, gyy, gzz in the 2
1E  state of a D5h molecule? 

 

13.21 ߰൫d௭మ൯ ൌ 	 ቀ
ହ

ଵ଺π
ቁ
భ
మ ܴ௡ଶሺݎሻሺ3	cosଶߠ െ 1ሻ [eqn 3.74a] 

〈1 െ 3cosଶߠ〉 ൌ න න න ߰൫d௭మ൯ሺ

ஶ

௥ୀ଴

π

ఏୀ଴

ଶπ

ఝୀ଴

1 െ 3cosଶߠሻ߰൫d௭మ൯ݎ
ଶsinߠdߠd߮dݎ 

															ൌ
5
16π

න න න ܴ௡ଶ
ଶ ሺݎሻሺ3	cosଶߠ െ 1ሻଶሺ

ஶ

௥ୀ଴

π

ఏୀ଴

ଶπ

ఝୀ଴

1 െ 3cosଶߠሻݎଶsinߠdߠd߮dݎ 
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  Since the radial function Rn2 is normalized, integration over r contributes unity; integration 

over ߮ contributes 2B. Therefore,  

〈1 െ 3cosଶߠ〉 	ൌ
5
8
නሺ3	cosଶߠ െ 1ሻଶ
గ

ఏୀ଴

ሺ1 െ 3cosଶߠሻsinߠdߠ 

ൌ
5
8
නሺെ27cos଺ߠ ൅ 27cosସߠ െ 9cosଶߠ ൅ 1ሻsinߠd

π

ఏୀ଴

 ߠ

ൌ
5
8
൜
െ2 ൈ 27

7
൅
2 ൈ 27
5

െ 2 ൈ 3 ൅ 2ൠ 

ൌ െ4/7 

 

13.22 The spherical average of (1 – 3 cos22)2 is given by the integral  

න නሺ1 െ 3cosଶߠሻଶsinߠdߠd߮

π

ఏୀ଴

ൌ

ଶπ

ఝୀ଴

	2π නሺ1 െ 3cosଶߠሻଶsinߠdߠ

π

ఏୀ଴

 

ൌ 2π නሺ9cosସߠ െ 6cosଶߠ ൅ 1ሻsinߠdߠ

π

ఏୀ଴

 

ൌ 2π ൜
9
5
ൈ 2 ൅ 2 ൈ ሺെ2ሻ ൅ 2ൠ 

ൌ 16π/5 

 

Problems 

13.1 Under the influence of the perturbation H(1)  elzB the non-degenerate, real, ground state 

0 changes to   0  c1, with c  1H(1)0/E [eqn 6.26]. In this case c  

eBlz,10/E; which is imaginary. Therefore  is complex. It follows that 

 lq  lq*    [hermiticity] 
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 lq  0lq0  0lq1c  c*1lq0  O(c)2 

 lq*  0lq0*  0lq1*c*  c1lq0*  O(c2) 

   0lq0  0lq1c*  c1lq0  O(c2) 

On comparing the two expressions, noting that 0lq0  0, we are left with 

0lq1c  c*1lq0  0lq1c  c*1lq0 

which does not require a value of zero. Hence lq need not disappear. 

Exercise: Show that the expectation value of linear momentum is zero when the state is 

real but may be nonzero in the presence of an appropriate perturbation. 

13.4.   (N  O)/ 2  

2p  (Z*5/32 ra 2/15
0 )  cos  eZ*r/2a0,    *NZ   3.83, *OZ   4.45 [Table 7.3] 

Let the vector potential be centred on a point a fraction  of the bond (of length R) from 

N, Fig. 13.7.  
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On O: 

 2
O

2
O

2
O zyr    [y  (1  )R]2  z2 

 cos O  zO/rO  z/{[y  (1  )R]2  z2}1/2 

Consequently, 

 N2pz
  2/15

0
5

N )π32/*( aZ z exp{ N
*Z [(y  R)2  z2]1/2/2a0} 

 O2pz
  2/15

0
5

O )π32/*( aZ z exp{ O
*Z {[y  (1  )R]2  z2}1/2/2a0} 

The diamagnetic current density in the yz-plane is therefore 

 jd  (e2B/2me) C2
0     [eqn 13.54a, C  zଚ̂   y࢑෡] 

   (e2B/4me) )2( ON
2
O

2
N   (zଚ̂  y࢑෡) 

   j# N O N O2 2 ( )5 5 5/2
N O N O
* * * *e e 2( ) e    f f f fZ Z Z Z z2(zଚ̂  y࢑෡)  

with 

 j#  e2B/128me
5
0a  

 fN  )2/*( 0N aZ {[y  R]2  z2}1/2 

 fO  )2/*( 0O aZ {[y  (1  )R]2  z2}1/2 

Now write 

  z/a0,   y/a0, s  R/a0,   ,)*/*( 2/5
ON ZZ  j†  2/5

ON )*/*( ZZ j# 
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Then 

 jd/j†  {e2fN  (1/) e2fO  2e(fOfN)} 2(ଚ̂  ࢑෡) 3
0a  

 fN  *
N2

1 Z {(  s)2  2}1/2 

 fO  *
O2

1 Z {[  (1  )s]2  2}1/2 

Take R  115 pm (so s  2.17). The current densities should be plotted for (a)   0, (b) 

 1
2 , (c)   1.0. 

Exercise: Use mathematical software to plot the current densities. Calculate and plot the 

current density for a plane parallel to the one considered above, but offset from it by a 

distance a0. 

 

13.7   m,  (e20NA/4me)x2  y2    [eqns 13.40 and 13.35] 

 m,  (e20NA/4me)x2  z2 

 x2  y2  r2 sin2(cos2  sin2)  r2 sin2 

 2pz
  2/15

0
5 )π32/*( aZ r cos  eZ*r/2a0 

(a) 

 x2  y2   
2π

0

π

0 0

25
0

5 dsind)π32/*( raZ  {r4 sin2  cos2  eZ*r/a0}dr 

  )π32/*( 5
0

5 aZ (2)(4/15){6!/(Z*/a0)
7}  22

0 */12 Za  

(b) 

 x2  z2 r2(sin2 cos2  cos2) 
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     
π2

0

π

0 0

25
0

5 dsind)π32/*( raZ  {r4(sin2 cos2  cos2) 

 cos2eZ*r/a0}dr 

   )π32/*( 5
0

5 aZ {()(4/15)  (2)(2/5)}{6!/(Z*/a0)
7} 

   22
0 */24 Za  

(a) 

 ,m  (3e2 2
0a 0NA/me)(1/Z*2) 

   1.791  1010/Z*2 m3 mol1 

(b) 

 ,m  (6e2 2
0a 0NA/me)(1/Z*2) 

   3.583  1010/Z*2 m3 mol1 

 m  3
1 (  2)  3

5     [  2] 

   2.985  1010/Z*2 m3 mol1 

For the carbon atom, Z*  3.14 [Table 7.3]; consequently 

11
||,m 1.82 10    ;    11

m, 1063.3 
  ; 

11 3 1
m 3.03 10  m  mol      

Exercise: Evaluate  and  for Slater 3dz2 -orbitals. 

13.10  The normalized forms of the d-orbitals are 
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 dz2  (5/16)1/2(3 cos2   1)r2f(r)  (5/16)1/2(3z2  r2)f(r) 

 dxz  (15/4)1/2 cos  sin  cos r2f(r)  (15/4)1/2 xzf(r) 

 dyz  (15/4)1/2 cos  sin  sin  r2f(r)  (15/4)1/2 yzf(r) 

Consequently, 

 lzdz2  0 

 lydz2  (5/16)1/2(ħ/i){z(/x)  x(/z)}(3z2  r2)f(r) 

   6iħ(5/16)1/2 xzf(r)  iħ 3 dxz 

 lxdz2  (5/16)1/2(ħ/i){y(/z)  z(/y)}(3z2  r2)f(r) 

   6iħ(5/16)1/2yzf(r)  iħ 3 dyz 

Therefore, 

 gzz  eg  

 gyy  ge  2dxzlydz22/E [eqn 13.87a] 

   ge  6ħ2/E  e 6 /g hc E   

 gxx  ge  2dyzlxdz22/E  e 6 /g hc E   

Taking   154 cm1 and E/hc  104 cm1 gives 

gzz  ge  2.002,    gyy  gxx  ge  0.092  1.910 

Exercise: In a similar complex the dxy orbital was the lowest; calculate the g-values. 
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13.13   J  (20geB/3)2ABPA(0)2PB(0)2 2 2
A Bc c /E(T)    [eqn 13.110] 

 2
Ac   2 1

B 2 ;c      2 2 3
A B 0(0) (0) 1/π   a    

 A  (1H)  g(1H)N/ħ,      g(1H)  5.5857 

 B  (2H)  g(2H)N/ħ,      g(2H)  0.85745 

 J  (20geB/3)2 g(1H)g(2H) 2 3 2
N 0(1/ π ) a (1/2)2/E(T)ħ2  

  (ge0BN/ 3
03πa )2g(1H)g(2H)/E(T)ħ2   

  7.122  1051 g(1H)g(2H)/ħ2(E(T)/J) 

  4.445  1032 g(1H)g(2H)/ħ2(E(T)/eV) 

 ħ2J/h  (67.1 Hz)  
1 2

(T) (T)

( H) ( H) 321 Hz

( /eV) /eV

g g

E E


 
 

  32 Hz when E(T)  10 eV 

Exercise: Find an expression for the spin–spin coupling involving two nuclei, one of 

atomic number Z1 and the other of atomic number Z2. Express cA and cB in terms of 1, 

2, and  in a Hückel type of approximation. 

 

13.16 Write   a2s  b1s, and choose a and b so that  

 1s d     1s 2sd  a   b  0    

 2d    2
2s 1s( ) d   a b   a2  b2  2ab 2s 1sd     1    

Write S  1s2sd, then 
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b  aS and a  
2 1/ 2

1

(1 )S
 

Consequently, the orthogonalized 2s-orbital is 

   2s 1s
1s 2s2 1/2

, d
(1 )

    


 
S

S
S

   

 

 Then, since 2s(0)  0, 

 2(0)  2 2
1sS (0)/(1  S2)    

 1s  
*
1s 0/3 3 1/2

1s 0
*( /π ) e Z r aZ a      [Exercise 13.12]   

 2
1s (0)   3 3

1s 0
* /πZ a   

 2s  
*
2s 0/25 5 1/2

2s 0
*( /96π ) eZ r aZ a r  

 S  
* *
2s 0 1s 0/2 /3 5 2 8 1/2 2

1s 2s 0 0
* *4π( /96π ) { e }{e }d

   Z r a Z r aZ Z a r r r   

  

1/2
3 5 4

1s 2s 0
2 8 41

0 1s 2s2

* * 3!
4π

96π * *( )

Z Z a

a Z Z

             
  

  
3 5 1/2

1s 2s

41
1s 2s2

* *(6 )

* *( )

Z Z

Z Z
  

Consequently, 

 2(0)  
3 6 5 81
0 1s 2s 1s 2s2

3 5 81
1s 2s 1s 2s2

* * * *(6/π ) / ( )

* * * *1 6 / ( )



 

a Z Z Z Z

Z Z Z Z
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  
3 6 5
0 1s 2s

8 3 51
1s 2s 1s 2s2

* *(6/π )

* * * *( ) 6 

a Z Z

Z Z Z Z
 

In the case of 14N, 1s
*Z   6.67, 2s

*Z   3.85 [Table 7.3], and 2(0)  15.8/ 3
0a . Therefore, 

with 

 H(spin)  CIzsz    C  (2gegNBN0/3ħ
2)2(0)    [eqn 13.97b] 

 ħ2C  10.5(gegNBN0/ 3
0a ) 

Since gN(14N)  0.40356 

ħ2C  1.1  1024 J;    ħ2C/h  1.7 GHz 

(The experimental value is 1.5 GHz.) 

Exercise: Find an expression for the contact interaction involving an electron in an 

orthogonalized Slater 3s-orbital (i.e. one orthogonalized to both 1s and the 

orthogonalized 2s). 


