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(O!#E):i—\/?’ LE=a+\2p

REEEHHE
E =a -2 (anibonding MO)
A A A A _ JEHESHEHE
Coo I I I E=a (Non-bonding MO)

- HEtE
%E . \/Eﬁ (BondingJKAO)

AREFNIDHIDT, STHILIZEHELSTLNS. 40

10



http://lwww.lifesci.sussex.ac.uk/research/tc/SHMo2/

sHvMo 12} i )Wwasly A ¥NFY

The Simple Huckel Molecular Orbital Theory Calculator 9“ rj 5/ D —_ P —G %

ntroduction] [FAQ 353 .
Editing fools ShowData Table |~ Verhose % On-he-fly Cale Energy Graph

PFAF—ERIL
DEIFERLT
HYUFET.

Energy: alpha + 0.000 oeta +3

Add

Change

e | MO 3

Clear

TIILZTHILD

LR

Rotate

MO numbe 1 2 3
waere. MO 1 Occupancy|  (2)|| (1) [(0)
0 ’ Energy -1.414/|0.000((1.414

Change e-

-,
1 voz @0 T MO IARLE—
.,

3

g | Show Molecule | Down

| SHio2: Viewing State. |

0.500((0.707|+0.500
0.707{| 0.000(|0.707
0.500([-0.707|+0.500

wWN =
[eXeXe]

TIYILSThIL

——E=a-+28 7,=0.500p. —0.707p> +0.500p>

7, =0.707p’. —0.707p’

—-l— E=a+v2p8 7 =0.500p" +0.707p> +0.500p>

Simple Hueckel Molecular Orbital Calculation - Data Table
SHMo4 Version 20101123 R.Cannings & H-U.Wagner
Number of Electrons =3 Net Charge =0

Total energy = 3 alpha -2.828 |beta|

— Eza—\/?ﬂ

Lowest Unoccupied MO =LUMO # 3 Energy: alpha + 1.414 |beta| | E: o

Single Occupied MO =SOMO# 2 Energy: alpha + 0.000 |beta]
% E=0+2p

LNBEFIRILFE— £ =3a+228
Energy -1.414 0.000 1.414 3F%E4B§E1BI*)L:¥:_
#

LE o Bar-+2(28)-{a+(2a+2p)}= 0828
3

Orbital Energies / Coefficents Table

Orbital energies in units of [beta| relative to alpha

MO number 1 2 3
Occupancy  (2) (1) (0)

1 2 3
MOnumbe] 1|[ 2 |[3 P P Px
Occupancy|  (2)|| (1) |(0) 1.000
Energy  |-1.414(/0.000||1.414 CH
# 07072 7'\ 0.707
1 C |0.500|0.707|}0.500
2 C |0.707/|[0.000((0.707 |  1.000 CH, QHz 1.000
3 C |0.500]-0.707-0.500 ’
EA
E-a-ap | m—
A A
E=a 2 = b= ==
A A
E=a+2p T —||— —{— —|—
’

C

€ 0300 -0.707 -0.500 (FUNFZHIL) (TFLY)
Population Tables (ZP%? )
Atoms
# Symbol hX ElectronPop. NetCharge 1.000
1C 0.00 1.000 0.000 0.707 CH 0.707
2C 0.00 1.000 0.0000 . o
3C 0.00 1.000  0.0000 CH/ \ CH
Bonds 2 2 1.000
i j X -Y kXY BondOrder 1.000 b
1 2C-C -1.00 0.707 =33
2 3C-C -1.00 0.707 TUNZTHIL

H H H
7 A /
H2C=C\ H2C=C\ H2C=C\
CH" CH,- CH,:
2-FaR=)V -SRI 2-FUARZNT =F ¥

hFA

FTHhN

44
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EavFr LR EERBMEETFHRE

DL SR ERA D &SI FEHE L.

HOMO
pdb = Znucaucbu
u=1

CCTond, pBEODFHREZLDLIBEFR(TECIODGE
X, u= 1<‘:2I ELTE2ETHS. ¢, I3, ﬂ%ﬁd)MO@a%E@@

FHEDHRKTHD.

ERFRFLOBFEERFIRATERHEIND.

HOMO

2
2o
u=1

EX
o

a - 1.62p

8

a - 0.62p

o+ 0.62p

Charles A. Coulson

Dec. 13, 1910-Jan. 7, 1974 45

TIIVAFHY TUILSTHIL

Simple Hueckel Molecular Orbital Calculation - Data Simple Hueckel Molecular Orbital Calculation - Data Simple Hueckel Molecular Orbital Calculation - Data
Table Table Table

SHMo4 Version 20101123 R.Cannings & H-U.Wagner SHMo4 Version 20101123 R.Cannings & H-U.Wagner SHMo4 Version 20101123 R.Cannings & H-U.Wagner
allyl cation allyl radical allyl anion

Number of Electrons =2 Net Charge = 1 Number of Electrons =3 Net Charge = 0 Number of Electrons =4 Net Charge = -1

Total energy = 2 alpha  -2.828 |beta| Total energy = 3 alpha  -2.828 [beta| Total energy = 4 alpha  -2.828 |beta|

TIVIVT=F>

Lowest Unoccupied MO =LUMO # 2 Energy: alpha Lowest Unoccupied MO = LUMO# 3 Energy: alpha
+0.000 fbeta] + 1414 beta|

Highest Occupied MO=HOMO# 1 Energy: alpha Single Occupicd MO =SOMO# 2 Energy: alpha +
~1.414 beta] 0.000 beta]

Orbital Energies / Coefficents Table Orbital Energies / Coefficents Table

Lowest Unoccupied MO = LUMO# 3 Energy: alpha +
1.414 beta

Highest Occupied MO = HOMO# 2 Energy: alpha +
0.000 beta]

Orbital Energies / Coefficents Table

Orbital energies in units of |beta| relative to alpha Orbital energies in units of |betal relative to alpha

Orbital energics in units of betal relative to alpha

MOmumber 12 3 MOmumber 12 MOmmber 12 3
Occupancy  (2) ( Occupancy _ (2) (2 (0
Encrgy 1414 0.000 1414 Encrgy 1414 0.000 1414 Encrgy 1414 0.000 1414
# # # MO®
1 C 0500 0.707 -0.500 1 C 0500 0.707 -0.500 1 C0500 07070500 | Tk L —g
2 ¢ 0707 0000 0.707 2 ¢ 0707 0000 0.707 2 C 0707 0.000 0.707 AN
3C 0500 0.707 -0.500 3C 0500 0.707 -0.500 ¢ 0s500-0707 0500 | FREIEELC
Population Tables Population Tables Population Tables
Atoms Atoms Atoms
# Symbol Z ciCharge # Symbol hX_ ElectronPop. NetCharge # Symbol  hX_ElectronPop. NetCharge
1c 000 [o500 0500 1Cc 000 [T000 0000 1C 000 [T500 0500
2¢C 000 |1.000 0.0000 2¢ 000 [1.000 00000 2C 000 [1000  0.0000
3¢ 000 |0500 0500 3¢ 000 [1.000 00000 3C 000 |1500 -0.500
Bonds Bonds Bonds
j

i jX-Y kXY|BondOrder i jX =Y kXY |BondOrder
1 2C-C -1.00f0.707 1 2¢C-C -1.00[0.707
2 3C-C -1.00[0.707 2 3C~C -1.00[0.707

i jX-Y  kXY[BondOrder
1 2C-C -1.00f0.707
2 3C-C -1.00}0.707

DFEEREY

x[1] x[2] x[3] 0.70
p[1] +0.5000 +0.7071 +0.5000

p[3] +0.5000 -0.7071 +0.5000

HERH

BFHE

HOMO #l1]= e x[1+ e 2]+ 3, 203]
Py= 2 me,0, d2)=coal}+ el earli]
w=l ¢[3]=C|3/7([l]+ (.’23}_/[2]+CS3}_/[3]

=1,C)1Cy1 150156,
=2x%0.500x0.707 +1x0.707x0
=0.707

mlEHAFF2, SPHIL, T=AUT,

HOMO FNENO0, 1, 2THIN, cph’ ¥
P, = Zn C5,C5 OADT, PIFETRLIEIZAES.
o | AL kSIS,

=165 €31 T 150065y
=2x0.707x0.500+1x 0 (~0.707)
=0.707

p[2] +0.7071 -0.0000 -0.7071 1.000 CH:

7/ \o 707 FULSSHIL

HOMO
_ 2 _ 2 2
q,= Znycly LT
p=l

=2x0.500% +1x0.707>
=1.000

HOMO
_ 2 2 2
q, = Znyc2y =MC5, T 1,05,
u=1

=2x0.707% +1x 0*
=1.000

HQMO , ,
q; = n,C5, =MNC5 1,05,
u=1
=2x%0.500" +1x(~0.707)°

=1.000 46

EavTIIVIEREERT DG5S, TIILAFAY, TILSTDALELD
TFINT—FA2DXREARBKXIZIRLCLTHY, nhr—EFILIRILE—LFH
CThb. FUILHFAY, FOLSCHILELUVTIILT A DnEF
BIL, ThEN2{@, 3, BLV4ETHS.

TYIWAFAY FIYNSTHIL FYLTFT=F>

—a++2p

BEFEEFEHDAYT
Hb.

BaRHE v TELC
T, P,,=P,=0.707TdH5.

48

12



i< SFREREY
e Al a2l x3]

pn[3] ¢[2] F0.7071_)-0.0000 {07071 ] #At1>
'@ E=a-27¢[3] {0.5000 ]T{o,7071 05000 ) &irt2o

o, A A I
. i} i}

|
: o[1] (+0.5000 +0.7071 +0.5000 | #ilF7i
|
|

i

on2]  X14-2 BELE3DDpRFEHNEHDES
E=a |2koTTER2-TARZILD=DD 1 HFE
Eon[n] .

EHDORFHREDARESEETRLAEST
EHNTLNSD, EFETIEAL.

I
f
I
I
I
I
o, ARG ETE

on[1]
E=a+V2p RILINLR-La7— BRERIES
o BT (5845R) 1E=2RFEA(1996)

49

IUHUKECHEM461 BF b= http://www.umich.edu/~chemd61/Ex11.pdf

Loz % Chemistry
Sk 461/570

CHs = CH — CH»° Quantum Chemistry

Spring Term 2002

8. Carry out a Hiickel calculation on the allyl radical

Professor. M. Bider sinder@umichedu
Determine, in terms of the empirical parameters o and /3, the energies of the

m-molecular orbitals, the resonance stabilization energy and the wavelength

of the lowest-energy electronic transition.

8. Secular determinant AE =2 ? E-a-2p
. =2/
@ 1 10 E=a
1 2 1|=2-20=0
0 1 z —H— E=a++2p

where 2z = (a — E)/f. Roots 2 = 0, £v/2, thus E = o — 206, o, a +
V23. Remember both a and 3 are negative. Ground state energy (3
electrons) = 2(a+ \/Ej) +a = 3a+2v23. One localized m-orbital plus one
unpaired electron would have energy = 2(a + 3) + o = 3+ 2. Resonance
stabilization energy = (2 — 2v2)3 = —.8283 = .828|3|. Lowest energy
electronic transition given by

he

BFEBOBRNIFLF— (AL = 5 = V2|

ERELRELIFLE— =3 +2ﬂ)—(3a +2ﬁﬁ): -0.8288 =0.828|3|

RFEDAAAEIRILF—ILEFHIRE
SNBDFHEDIRILF—DEITR
F5. LIzAoT, 1442 ETRILE—
ZHFOHOMOTRIILF—DHEEE
Z1-1E

L, (eV)

I=— Eyomo=— (a+XnomoB)
LB,

EavH LETIFIRILY—(FabBTE
SNTHYERMLGIRILY—EILED
71  ABL AL AAVRETRLE—OR
24 0.6 0.8 1.0 E&{BEZ om0l <FLTTOYNEHILT,

X Homo QbBEERBMDRDDBIENTES.
6.20 AA{ExANF—L HOMO  [mg o0 EEOIESLYEHD,
PR H—OLHisa=—65eV,

HIBFES p=—27eV
HESFE HhieE BEEE HREond

] IFLY, TASIY, AFH

] MITY, A€y, F74LY,
1451 ., FUrSEY, TFURLY
.o DRREFREE REEE
! ", TR ERE D RIREE06.24(<
1407 ° e T BEARBAEMT S
(2D B TR BERE AVE<

. o HoTWVA. Eavy LD FEL
193] " EE(HMO)THE LS

© RMEESEMOMICIEo=

T T T T T T T

04 0.6 08 10 YLEREAHS.

Py
6.24 HWERH LR

EREFILE FhieE HREE

EOERR)
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6R17H. FEES. KA

Eav 7 ILEMEBRLE7IILROTS FEEDRBERYERD L,
[EVFIKFATHIXERFALTHEON &S FREDIRIILF—ZKE
ARERRXITKALTREZERDDHENTES,

Bl 7IILRDKFERER

S S S V'

x(x2 - 2)= 0

/CH
x=0,x=i\/5 CHZ/ \C_’Hz
(a-E)/B=x THDMH TULTSHIL

E=«

(O!%E):i—\/?’ LE=a+\2p

E=a-25 Rgian

BB

E=a JEHEE MG

N E-a+v2p wanmE

CH
Z
a-E p 0 CH, CH,
pooa-k f =0 FULSTHIL
0 g a-E
BERZPTET, (0-E)p=x&HLE,
x 1 0 x 1 0
1 x 1/=0 1 x 1=(x3—2x)=x(x2—2)
01 x 01 x«
53
KEHER 401

IFLUDLCAO-MODZRED RO A

OEMETROI-IRIILX—EHIE {
EXEFARRIHKRALTRHBDEER

cla—E)+c,p=0
cyla—E)+c,p=0

5. A(C2p) , i
QR EEAH DIRELE B SR EE N B(C2p)
HEE ) -

Oz rNF—EHEEZKEAERIC

KALTHRHBDLEEZRDS.
BEMEAS—ESLIR(E)TR, st —E2L272(E) T,
EJr =a+ ﬁ E -« -p
cala—a—p)+e, =0 cla—a+p)+c,B=0
—Caf+cpf=0 cB+cx5=0
_-_671421 R
Cp Cr 55

54
QBB DREILEHNSRYEHET D 201
{\P+ZCA(¢A+¢B)9 E+:a+ﬂ
\P—ZCA(¢A_¢B)’ E=a-p
BB ETSL, I‘Pfdz’=cf,IA2df+ciIBzdf+26iIABdr
=2¢5 +2¢;S =2¢; FHYES
=1 Sij (lij) =0
1
SCy = 7
J.?’fdr = cf,J.Azdr + ch.Bzdr —2cf,J.Ade'
=2¢5—2¢;S =2¢;
-1
oL
e \/E 56
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