Chapter 10
Semiempirical Methods and Applications of Symmetry
Homework Solutions

PART A: The Huickel Model and other Semiempirical Methods
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2. (@ Acrolein: Cc;——=C,—C3=—0,

Contributes 1 electron

Oxygen has 6 valence electrons. 1 electron is involved in the o bond to carbon,
4 more electrons are used in 2 oxygen lone-pairs, leaving 1 electron which
contributes to the & system.
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(b) Furan <\ //Cl

C3*Cz

Contributes 2 electrons

Oxygen has 6 valence electrons. 2 electrons are involved in ¢ bonds to carbon,
2 more electrons are used in an oxygen lone-pair, leaving 2 electrons which
contribute to the rt system.



C1=C2
Cyclobutadiene: | |

C,—Cs
(a) Energies

x* —4x% =0 factors into: X- x-(x2 - 4) =0, with solutions: x=+2,0, 0, -2

Below, I number the values in order of increasing energy (remembering that § <0)
a—-E

(b) Normalized Molecular Orbitals
(1) & :Cl(/?fl"')(z + X3 +Z4)

(Bl8)=1=(c(n+ .+ s + 2|+ 22+ 22+ 24))
= c? [(1)2 + O+ Q)+ (1)2} = 4c?

1

Therefore: cl=%=§ and ¢ =%(}(1+Zz+7(3+;(4)

In the above calculation, we have assumed that the atomic orbitals are orthonormal.
Le. (% |Z,->= %

(2 ¢,= C1(Z1 - Zs)

<¢2|¢2> =1= <C1(Zl - ZS|C1(Zl - Zs)>
=c’[ (@) +(-1) |=2¢]

Therefore: cl:% and ¢2=%(7{1_Zs)

Q) ¢, = Cz(?(z _14)



<¢3|¢3> =1= <C2 (x.— Z4|Cz(}(2 - Zz)>
=c;[ (17 +(-1) |=2¢]

1 1
Therefore: c, -5 and ¢, =$(;(2 — )
4) ¢, = Cl(Zl X2t s _Z4)

(B]d) =1=(cn— 12+ s~ 2| — 2o + 2 — 2))
=7 @7 + (-0 + @7 + (1) | = 4]

1 1 1
Therefore: ¢, == and 4, =5 (n-rtz-1)

Summary:
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(c) = Energy and Delocalization Energy

E,=2E +2E,,=2(a+2p)+2a=4a+4p
The localized energy is simply twice the energy of a C2Ha molecule: E ,, =2(a + f)
E= 2[2(a + ﬂ)] =4a+4p
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(d) = Electron Charge
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(e) = Bond Order
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Solutions to all parts are given in the PowerPoint Presentation

(@) Secular Determinant: Slide 27

(b) Energy Levels: Slide 29

(c) MO Normalized Coefficients: ¢1 on Slides 31-32
The other 3 MO's are obtained by the identical procedure, and are
tabulated on Slide 33

(d) = Energy and Delocalization Energy: Slide 30

(e) m Electron Charge: Slide 34

(F) = Bond Order: Slide 35

See MO coefficients (from Slide 33)

¢ =0.372y, +0.602, +0.602, + 0.372,
¢, =0.602, +0.372y, —0.372y, — 0.602,
¢, =0.602y, —0.372y, —0.372 7, +0.602,
¢ =0.372y, —0.602y, +0.602y, — 0.372,

(a) m Electron Charge



Occ Orbs
g,= > ncZ=2(0.372)" +1(0.602)° +1(0.602)* =1.0

Occ Orbs
4= >, nch=2(0.602)" +1(0.372)" +1(-0.372)" =1.0
OchOrbs ) ) )
0= Y, nch=2(0.602) +1(-0.372)" +1(-0.372)" =1.0
Occ Orbs

4= > nch=2(.372)" +1(-0.602)° +1(-0.602)" =1.0

(b) = Bond Order

Occ Orbs

P, = Z nic,C;, = 2(0.372)(0.602) +1(0.602)(0.372) +1(0.602)(-0.372) = 0.45
versus pi2 = 0.90 for the ground state

Occ Orbs

Py = z niC,,C;s = 2(0.602)(0.602) +1(0.372)(-0.372) +1(-0.372)(-0.372) = 0.72
versus pz3 = 0.45 for the ground state

Occ Orbs

Py, = Z NiCisC,s = 2(0.602)(0.372) +1(—0.372)(—0.602) +1(—0.372)(0.602) = 0.45
versus pss = 0.90 for the ground state

Notes: The 1-2 and 3-4 bonds are weakened in the excited state.
This is because the positive overlap between these atoms in ¢z is replaced
by negative overlap in ¢s.

The 3-4 bond is strenghtened in the excited state.
This is because the negative overlap between these atoms in ¢z is replaced
by positive overlap in ¢s.

PART B: Applications of Symmetry



Methylenecyclopropene

(@) T'(Wo) = Az (all spins paired) T'(Wi) =b2xb2=A1

F(M(;Xi)zAiXBlAizB1¢A.L
F(M;)Z'A&XBzXAi:BziAi
F(MZ)=AXAXA=A

Therefore, this IS an allowed transition and polarized parallel to the principal axis.
(b) T'(Wo) = A1 (all spins paired) T'(Wi) =b2xa2=B1

F(M;):A&XB1X81:A1
[(Mg)=AXB,xB = A=A

F(Méi)zA_lXAiXBl: B.#A
Therefore, this IS an allowed transition and polarized perpendicular
to the principal axis (along y axis).

Methylenecyclopropene Cation

(@) I'(Wo) = B2 (ignore paired spins) I'(\Wi) = Az (ignore paired spins)

I[(Mg)=B,xB A =A

(M) =B,xB,xA, = A=A

[(Mg) =B, XA XA =B #A

Therefore, this IS an allowed transition and polarized perpendicular
to the principal axis (along x axis).

(b) T'(Wo) = Bz (ignore paired spins) I'(\Wi) = B2 (ignore paired spins)

'(M2)=B,xB xB, =B #A
r(mM)})=B,xB,xB, =B,#A

F(Mozi) =B, xAXB,=A
Therefore, this IS an allowed transition and polarized parallel to the principal axis.

Trans Butadiene treated with Symmetry Adapted MO's.



(a) Determination of the SALCs.

S; = NjZTrJ.(R) -R(x.). Njisis the normalization constant.
R

By SALCs

$.(By) =N, [1-E() + (-1)-C, (1) + (U i(3) + (-1 - 0, (11]

=N [+ 2+ O (-2)+ D) )] =Ny - 22)
-5(x-1)
_\/E XY= Xa

SZ(Bg) =N, [1’ E(r,)+ (=D -C(x) + @) -i(x,) + (_1)'O-h(7(2]

=N [+ (D 2+ O-(—2) + (D - 2)] =Ny (2. — 25)
-(n-2)
_\/E X2 =X

A, SALCs

S3(A) = N,[1-E(zn) + (+1) - C, () + (-1 i() + (-1) - 0, (1]
= Nl[ll +(+D) - 2, + (-D.(—x) + (D) (_Zl)] = Nll(;(l + 7(4)

:%(% +Z4)

S,(A)=N, [1‘ E(r,) +(+1D)-Cy(x,) + (1) -i(x,) + (=) 'O-h(ZZ]
=N, [, + @) 25+ D~ 2) + (D) (1)) = No (2, + 1)

:%(7(2 +}(3)

(b) Secular Determinants.



By Secular Determinant
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(c) Energies and Wavefunctions.

Note: I'll be relabeling the energies and wavefunctions as a,b,c,d, corresponding to relative
energies (from lowest to highest)

By Energies
x 1
]J=0 - x2-x-1=ax®?+bx+c =0
1 x-
X_—bi\/b2—4ac_1i\/§
2a 2
x ——0618=2"5 , E —¢+06188

a-E,

Xy =+1.618 = — E,=a-1618p

By Wavefunctions

Note: I'm going to drop the coefficients on the SALCs because we'll have to
renormalize them at the end, anyway.

Ss=x—
S, =2~ s



x 1 Xc, +¢,=0 . ,
=0 > We only need to use one of these (will use first one)
1 x- c,+(x-1c,=0

Xp=-0.618 — -0.618c1+c2=0 — c2=+0.618c:

¢ = l[Sl+0.618S C[ (71— 2:)+(0.618)(1, - 75) |=c,[ 1, +0.6187, - 0.6187, — 1,]

C = =0.602
JI +(0.618)2 + (—0.618) +(=1)?

¢, =0.602, +0.372y, —0.372, - 0.602,

Xd=+1.618 — +1.618c1+c2=0 — c2=-1.618c1

¢y =[S, +-1.618S,]=c,[ (1 — 7s) + (-1.618)(x, — 75) | =, [ 1, —1.618y, +1.618 7, — 1,]

c = L =0.372

JI +(~1.618)? + (+1.618)? + (12

@, =0.372y,—0.602, +0.602 7, —0.372,

Au Energies
x 1
JJ:O - xX?+x-1=ax’+bx+c =0
1 x+
X_—bi\/b2—4ac_—1i«/§
2a 2
E

xC:+0.618:a_ﬂ © 5 E,=a-061883

x, ——1618=2—Ed

> E,=a+16188

Ay Wavefunctions

Note: I'm going to drop the coefficients on the SALCs because we'll have to
renormalize them at the end, anyway.



Ss=xn+ X

Si=Xot Xs
x 1 Xc, +¢,=0 .

=0 > We only need to use one of the equations.
1 x+ c,+(x+1c,=0

Xc=+0.618 — +0.618c1+c2=0 — c2=-0.618c:

¢, =¢,[S;—0.618S,]=c,[ (1 + 7,) — (0.618)(x, + 7:) | =, [ 1, —0.618 7, —0.618 7, + 7, ]

c = 1 =0.602

JI +(<0.618) + (0.618)? + (~1)’

¢ =0.602y, —0.372y, —0.372, +0.602,

Xa=-1.618 — -1.618c1+c2=0 — c2=+1.618c1

¢, =C,[S,+1.618S, ] =¢,[ (1 — 2.) + (+1.618)(x, — 5) | =, [ 1, +1.618 7, +1.618 1, + 7,]

c = L =0.372

JIZ + (+1.618) + (+1.618)° +1°

@, =0.372, +0.602y, + 0.602y, + 0.372,

Energy/Wavefunction Summary

. =0.372y,+0.602, + 0.602y, + 0.372, E, =a+1618p
@, =0.602, +0.372y, —0.372, —0.602, E, = +0.6188
¢ =0.602y, —0.372y, —0.372y, +0.602, E, =a-06183

¢, =0.372y,—0.602, +0.602, -0.372, E, =a-1.6183



