CHEM 4PB3 ~ Solutions to Assignment 1 OUT: 31 Jan 2017
DUE: 14 Feb 2017

1. What are the eigenvalues of S* and S, for the spin function
(e(DHa(2)BA3) + a(1BR)a3) + B(Na)a3)A3 #* normalization function wrong in question

S Mg Spin Adapted Configuration

3/2 +3/2 'Byp2 = naa

3/2 +1/2 1D, = 1/32(ada+Foa+aand)
3/2 —1/2 Wy =13 (afd+Bad+ d3a)
3/2 =32 "W_yn = 344

1/2 +1/2 By = 1/6'2(afda+3aa=20a)
1/2 +1/2 WPy = 1/2'7 (oa=afa)

1/2 -1/2 M_yyp = 1/6"2(Bad+dda~2aidd)
1/2 -1/2 B_s = 1/272 (350 - Fa )

are the set of spin functions for 3 electrons which are in separate space orbitals (e.g. 1s'2s'2p’
configuration of excited Li)

The goal of the problem is to show that the values of S, Mg for the *®,,, spin state are (3/2, +1/2)
ie $2'®n=SE+D) 'Oy - (3/2)%(512) *®yp = 15/4*Dy, and
Sz ‘®ip=Ms ‘@)= (+1/2) ‘0

ST = (8, +8; +8,) (5, +8; +8,) =8 +8," + 87 +2(S, -5, +8,-5,+5, - 5;)
=8 +87+87 +2(8,-S,, +8,,08,,+8,-8,, +8, S, +8,,-8,, +8,, -5,
+8,, -8, +8,,-8,+5,.-5,.)

And one can show using ladder operators (see Levine, Quantum Chem. (1991) p277)
Sa=+1/28 and Sa=+1/2f and S, p=+1/2a and S, f=-1/2a

using these results and applying the operators for the i spin ONLY to the i* spin function gives
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1a) What is the conserved compénent S ?

S, =35, +s,, +s5, -where the small s, act only on the spin of the i" electron -

50 8, [(a(D)a@)B) + ((DBR)x(3) + B(e2)a(3))/V3] =
S, = s5,(a(Na(2)BQ) +a(1)p2)a(3) + f(N)a(2)x(3))

+ 5, (a(1)a(2) A(3) + a(1) B(2)a(3) + p(1)a(2)(3))
+5,5(a(1)e(2) B(3) + a(1) f(2)a(3) + S(1)er(2)a(3))

- (1]a(1)a(2)ﬂ(3> + (1]06(1)!3(2)&(3) + ("—21]5(1)a(2)a(3)
(3 ]a(1)a(2)ﬁ(3)+( Tattpra) +( 3 Jpme@em
(3 ]am)a(zm(sw( Jeha@ia (3 jﬂm)a(z)mm

(3 )atha@0)+ atp@ia + pra@ia) - (1),

1b) See additional page for solution of 52 4(131,2 = 5(5+1) ‘®p- (3/2)*(5/2) ‘Op = 15/4'D 1,
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3. Why is it incorrect to calculate the experimental ground state energy of lithium as Ez; +2°E,,
where Ey, and E,, are the experimental binding energies of the 1s and 2s electrons 7

ANSWER: Because after removing the outermost 2s electron the remaining two clectrons are more
tightly bound. Similarly, after removing 2 electrons the last electron is more tightly bound.

Ey isenergy of Lils’2s' < Li1s’2s" +e- (~5¢V)
Ey, isenergy of Lils’2s' 9 Lils'2s' +e- (~55¢eV)

But true experimental ground state energy is energy for the process Li 1s"2s' <& Li™* +3e-

4a. Show that the commutation relations:
[Lx, Lyl =ihL, with x.y,z cyclically permuted
are equivalent to the single relationship L x L. = ihL
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5. Show that |n,)=e ™ ‘“[n} is a valid solution of the time dependent Schroedinger equation.
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Ass#l question #6
c) Quantitative energy level diagram for the pi system (Huckel, o =0, B is unit of E)
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d) Lowest energy configuration is (1by,)? (1bag)* (1bag)® (201,)% (1bag)* (1ay)"

the corresponding STATES will have symmetries from 1by; ® 1a, = By,

and the spins can be arranged either parallel (triplet) or antiparallel (singlet) = °B,, and 'By,

For states from the SAME configuration, the state with highest multiplicity is the lowest in energy, since
this minimizes the electron repulsion (one of the Hund’s rules)

Thus the ground STATE s *Bay

e) HOMO - LUMO can be either byg = bsg OR a, =2 bsg
bag > bag 2 (a', bsy’) configuration has states °Bs, and 'Ba,
a, > bay > (b, bag') configuration has states °Big and 'Byg

f) transitions

*Bay = ®Bay has a transition symmetry of by, ® bs, = Byg FORBIDDEN

3Bay > *Byg has a transition symmetry of by, ® by = Ba, ALLOWED

DIPOLE allowed transitions (i) conserve spin multiplicity; (ii) have TM < by, bay or bs,

Only transitions to the triplet states are allowed. *By, = 'Bs, and °By, = 'Byy are FORBIDDEN

The °B,y = ®B3, can be made into an allowed vibronic transition if an odd number of quanta of
vibrational modes of a,, by OR bg, is created in the excited state.
(NB g-modes do not work; big ® by, = a, to which (x,y,z) do NOT belong)
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