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22.3.5: v. Exercise Solutions

Q1 

Constructing the Slater determinant corresponding to the "state"  with the rows labeling the orbitals and the columns labeling the electrons gives: 

 

Q2 
Staring with the  state which in a "box" for this  case would contain only one product function;  and applying  gives: 

 
 
The three triplet states are then: 

 
 
The single state which must be constructed orthogonal to the three singlet states (and in particular to the  state) can be seen to be: 

 
Applying  to each of these states gives: 

 
 

 
 

1s(α)1s(α)

|1sα1sα| =

=

=

1

2√

∣

∣
∣
1sα(1)

1sα(1)

1sα(2)

asα(2)

∣

∣
∣

(1sα(1)1sα(2) −1sα(1)1sα(2))
1

2
–

√
0

(22.3.5.1)

(22.3.5.2)

(22.3.5.3)

= 1 SMS  3 = 0,  = 1ML MS |1sα2sα|) S−

S(S = 1, = 1)S3
− MS

So, ℏ S(S = 1, = 0)2
–√

3
MS

S(S = 1, = 0)3 MS

=

=

=

=

=

=

=

=

S(S = 1, = 0)1(1 +1) −1(1 −1)
− −−−−−−−−−−−−−−

√ ℏ3 MS

ℏ S(S = 1, = 0)2
–

√
3

MS

( (1) + (2)) |1sα2sα|S− S−

(1)|1sα2sα| + (2)|1sα2sα|S− S−

ℏ [|1sβ2sα+|1sα2sβ|]( +1)− ( −1)
1

2

1

2

1

2

1

2

− −−−−−−−−−−−−−−−−−−−

√

ℏ (|1sβ2sα| + |1sα2sβ|)

ℏ(|1sβ2sα| + |1sα2sβ|)

(|1sβ2sα| + |1sα2sβ|))
1

2
–

√

(22.3.5.4)

(22.3.5.5)

(22.3.5.6)

(22.3.5.7)

(22.3.5.8)

(22.3.5.9)

(22.3.5.10)

(22.3.5.11)

S(S = 1, = 1) = |1sα2sα|,3 MS

S(S = 1, = 0) = (|1sβ2sα| + |1sα2sβ|) , and3 MS

1

2
S(S = 1, = −1) = |1sβ2sβ|.3 MS

(22.3.5.12)

(22.3.5.13)

(22.3.5.14)

S(S = 0, = 0)3 MS

S(S = 0, = 0) = (|1sβ2sα| − |1sα2sβ|) .1 MS

1

2
–

√

 and S2 Sz

|1sα2sα|SZ

|1sα2sα|S2

=

=

=

=

=

=

=

=

( (1) + (2)) |1sα2sβ|SZ SZ

(1)|1sα2sα| + (2)|1sα2sα|SZ SZ

ℏ( ) |1sα2sα| +ℏ( ) |1sα2sα|
1

2

1

2

ℏ|1sα2sα|

( + +ℏ ) |1sα2sα|S−S+ S2
Z SZ

|1sα2sα| + |1sα2sα| +ℏ |1sα2sα|S−S+ S2
Z

SZ

0 + |1sα2sα| + |1sα2sα|ℏ2 ℏ2

2 |1sα2sα|ℏ2

(22.3.5.15)

(22.3.5.16)

(22.3.5.17)

(22.3.5.18)

(22.3.5.19)

(22.3.5.20)

(22.3.5.21)

(22.3.5.22)

(|1sβ2sα| + |1sα2sβ||)SZ

1

2
–

√
=

=

=

=

( (1) + (2)) (|1sβ2sα| + |1sα2sβ|)SZ SZ

1

2
–

√

( (1) + (2)) |1sβ2sα| + ( (1) + (2)) |1sα2sβ|
1

2
–

√
SZ SZ

1

2
–

√
SZ SZ

(ℏ(− )+ℏ( )) |1sβ2sα| + (ℏ( )+ℏ(− )) |1sα2sβ|
1

2
–

√

1

2

1

2

1

2
–

√

1

2

1

2

0ℏ (|1sβ2sα| + |1sα2sβ|)
1

2
–

√

(22.3.5.23)

(22.3.5.24)

(22.3.5.25)

(22.3.5.26)

https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://chem.libretexts.org/@go/page/81687?pdf
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Quantum_Mechanics__in_Chemistry_(Simons_and_Nichols)/22%3A_Problems/22.03%3A_Electronic_Configurations%2C_Term_Symbols%2C_and_States/22.3.05%3A_v._Exercise_Solutions


22.3.5.2 https://chem.libretexts.org/@go/page/81687

 
 

 
 

 
 

 

Q3 

a. Once the spatial symmetry has been determined by multimplication of the irreducible representations, the spon coupling is identical to exercise 2 and gives the result: 

 
b. There are three states here (again analogous to exercise 2): 

 
c.

 

Q4 
As shown in review exercise 1c, for two ewuivalent  electrons one obtains six states: 
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By inspecting the "box" in review exercise 1c, it should be fairly straightforward to write down the wavefunctions for each of these: 

 

Q5 

We can conveniently couple another s electron to the states generate from the  configuration in exercise 2: 

 
Constructing a "box" for this case would yield: 

 
One can immediately identify the wavefunctions for two of the quartets (they are single entries): 

 

Applying  yields: 

 

 

Applying  

 

Applying  yields: 

 

 

Applying 

It only remains to construct the doublet states which are orthogonal to these quartet states. Recall that the orthogonal combinations for systems having three equal components (for example when
symmetry adapting the 3  symmetry) give results of + + +, +2 - -, and 0 + -. Notice that the quartets are the + + + combinations and therefore the doublets can be
recognized as:  
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Q6 

As illustrated in this chapter a  configuration (two equivalent p electrons) gives rise to the term symbols:  Coupling an additional electron  configureation will give
the desired  term symbols: 

 

Q7 
The notation used for the Slater Condon tules will be the same as used in the test: 
(a.) zero (spin orbital) difference; 

 
(b.) one (spin orbital) difference ; 

 
(c.) two (spin orbital) differences  

 
(d.) three or more (spin orbital) differences; 

 
 
i.  

 
Error!. Using the Slater Condon rule (a.) above (SCa): 

 

ii.  

 
Evaluating each matrix element gives: 

 
Substitution of these expressions give: 
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iii.   

 
Evaluating each matrix element gives: 

 
Substitution of these expressions give: 

 
 

iv.  

 
Evaluating  we note that all the Slater Condon matrix elements generated are the same as those evaluated in part iii. (the sign for the wavefunction
components and the multiplicative factor of two for one of the components, however, are different). 
 

 

Q8 

i.  

 
 

ii. 

 
 
Evaluating each matrix element gives: 
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− (SCc)g0α0β1α−1β g0α0β−1β1α

−0g001−1

⟨| α β|H| α β|⟩p−1 p1 p0 p0

− (SCc)g0α0β−1α1β g0α0β1β−1α

−0g00−11

+ + − (SCa)f1α1α f−1β−1β g1α−1β1α−1β g1α−1β−1β1α

+ + −0f11 f−1−1 g1−11−1

⟨| α β|H| α β|⟩p−1 p1 p1 p−1

− (SCc)g1α−β−1α1β g1α−1β1β−1α

−0g1−1−11

+ + − (SCa)f−1α−1α f1β1β g−1α1β−1α1β g−1α1β1β−1α

+ + −0f−1−1 f11 g−11−11

(22.3.5.106)

(22.3.5.107)

(22.3.5.108)

(22.3.5.109)

(22.3.5.110)

(22.3.5.111)

(22.3.5.112)

(22.3.5.113)

(22.3.5.114)

(22.3.5.115)

(22.3.5.116)

(22.3.5.117)

(22.3.5.118)

(22.3.5.119)

(22.3.5.120)

S( = 0, = 0)⟨1 ML MS

=

=

|H S( = 0, = 0)⟩|
1

ML MS

( + + − − − + + + + − + +
1

3
f00 f00 g0000 g001−1 g00−11 g001−1 f11 f−1−1 g1−11−1 g1−1−11 g00−11 g1−1−11 f−1−1

+ + )f11 g−11−11

(2 +2 +2 + −4 +2 +2 )
1

3
f00 f11 f−1−1 g0000 g001−1 g1−11−1 g1−1−11

(22.3.5.121)

(22.3.5.122)

(22.3.5.123)

D( = 0, = 0) = (2| α β| + | α β| + | α β|)1 ML MS

1

6
–

√
p0 p0 p1 p−1 p−1 p1

D( = 0, = 0)|H D( = 0, = 0)⟩⟨1 ML MS |1 ML MS

D ( = 0, = 0) |H D ( = 0, = 0)⟩⟨1 ML MS |1 ML MS

(4 +4 +4 +2 +2 +2 + + + + +2 +
1

6
f00 f00 g0000 g001−1 g00−11 g001−1 f11 f−1−1 g1−11−1 g1−1−11 g00−11 g1−1−11

+ + + )f−1−1 f11 g−11−11

= (8 +2 +2 +4 +8 +2 +2 )
1

6
f00 f11 f−1−1 g0000 g001−1 g1−11−1 g1−1−11

(22.3.5.124)

(22.3.5.125)

(22.3.5.126)

( = 2, = 0) = | α β|Δ ML MS π1 π1

Δ ( = 2, = 0) |H Δ ( = 2, = 0)⟩⟨1 ML MS |1 ML MS

=

=

=

=

⟨| α β|H| α β|⟩π1 π1 π1 π1

+ + − (SCa)f1α1α f1β1β g1α1β1α1β g1
alpha1β1β1α

+ + −0f11 f11 g1111

2 +f11 g1111

(22.3.5.127)

(22.3.5.128)

(22.3.5.129)

(22.3.5.130)

(22.3.5.131)

∑ ( = 0, = 0) = (| α β| − | β α|)1 ML MS

1

2
–

√
π1 π−1 π1 π−1

∑ ( = 0, = 0) |H ∑ ( = 0, = 0)⟩⟨3 ML MS |3 ML MS

= (⟨| α β|H| α β|⟩− ⟨| α β|H| β α|⟩− ⟨| β α|H| α β|⟩+ ⟨| β α|H| β α|⟩)
1

2
π1 π−1 π1 π−1 π1 π−1 π1 π−1 π1 π−1 π1 π−1 π1 π−1 π1 π−1
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Substitution of these expressions give: 

 
 

iii.  

 
Evaluating each matrix element gives: 
 

 
 
Substitution of these expressions give: 
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⟨| α β|H| α β|⟩π1 π−1 π1 π−1

⟨| α β|H| β α|⟩π1 π−1 π1 π−1

⟨| β α|H| α β|⟩π1 π−1 π1 π−1

⟨| β α|H| β β|⟩π1 π−1 π1 π−1

=

=

=

=

=

=

=

+ + − (SCa)f1α1α f−1β−1β g1α−1β1α−1β g1α−1β−1β1α

0 −g1−1−11

+ + −0f11 f−1−1 g1−11−1

− (SCc)g1α−1β1β−1α g1α−1β−1α1β

0 −g1−1−11

+ + − (SCa)f1β1β f−1α−1α g1β−1α1β−1α g1β−1α−1α1β

+ + −0f11 f−1−1 g1−11−1

(22.3.5.134)

(22.3.5.135)

(22.3.5.136)

(22.3.5.137)

(22.3.5.138)

(22.3.5.139)

(22.3.5.140)

∑ ( = 0, = 0) |H ∑ ( = 0, = 0)⟩⟨3 ML MS |3 ML MS =

=

( + + + + + + + )
1

2
f11 f−1−1 g1−11−1 g1−1−11 g1−1−11 f11 f−1−1 g1−11−1

+ + +f11 f−1−1 g1−11−1 g1−1−11

(22.3.5.141)

(22.3.5.142)

∑ ( = 0, = 0) = (| α β| + | β α|)3 ML MS

1

2
–

√
π1 π−1 π1 π−1

∑ ( = 0, = 0) |H ∑ ( = 0, = 0)⟩⟨3 ML MS |
3

ML MS

= (⟨| α β|H| α β|⟩+ ⟨| α β|H| β α|⟩+ ⟨| β α|H| α β|⟩+ ⟨| β α|H| β α|
1

2
π1 π−1 π1 π−1 π1 π−1 π1 π−1 π1 π−1 π1 π−1 π1 π−1 π1 π−1

⟨| α β|H| α β⟩π1 π−1 π1 π−1

⟨| α β|H| β α|⟩π1 π−1 π1 π−1

⟨| β α|H| α α|⟩π1 π−1 π1 π−1

=

=

=

=
=

=

+ + − (SCa)f1α1α f−1β−1β g1α−1β1α−1β g1α−1β−1β1α

+ + −0f11 f−1−1 g1−11−1

− (SCc)g1α−1β1β−1α g1α−1β−1α1β

0 −g1−1−11

+ + − (SCa)f1β1β f−1α−1α g1β−1α1β−1α g1β−1α−1α1β

+ + −0f11 f−1−1 g1−11−1

(22.3.5.145)

(22.3.5.146)

(22.3.5.147)

(22.3.5.148)
(22.3.5.149)

(22.3.5.150)

⟨

=

=

( = 0, = 0) |H ∑ ( = 0, = 0)⟩∑ ML MS |3 ML MS

( + + − + + + )
1

2
f11 f−1−1 g1−11−1 g1−1−11 f11 f−1−1 g1−11−1

+ + −f11 f−1−1 g1−11−1 g1−1−11

(22.3.5.151)

(22.3.5.152)

(22.3.5.153)
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