
Chem
istry*2*

Lecture*2**
Par$cle(in(a(box(approxim

a$on(

Learning(outcom
es(from

(Lecture(1(

• U
se%the%principle%that%the%m

ixing%betw
een%orbitals%depends%on%the%

energy%difference,%and%the%resonance%integral,%β.%
• Apply%the%separa;on%of%σ%and%π%bonding%to%describe%electronic%
structure%in%sim

ple%organic%m
olecules.%

• Ra;onalize%differences%in%orbital%energy%levels%of%diatom
ic%

m
olecules%in%term

s%of%sAp%m
ixing.%

Be%able%to%predict%the%geom
etry%of%a%hydrocarbon%from

%its%structure%
and%account%for%each%valence%electron.%Predict%the%hybridiza;on%of%
atom

ic%orbitals%on%carbon%atom
s.%

%

Assum
ed(know

ledge(for(today(



The(de(Broglie(Approach(

• The w
avelength of the w

ave associated w
ith 

a particle is related to its m
om

entum
: 

 
 p = m

v = h / λ 
 • For a particle w

ith only kinetic energy: 
 E

 = ½
 m

v
2 = p

2 / 2m
 = h

2 / 2m
λ

2 

• For a free particle, λ, can have any value: 
  

 E
 for a free particle is not quantized 

 

“The(par$cle(in(a(box”(

• The box is a 1d w
ell, w

ith sides of infinite 
potential, w

here the particle cannot be…
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see w
orksheet 



• E
nergy is quantized: 
 E

n  = h
2n

2 / 8m
L

2  
 • Low

est energy (zero point) is not zero: 
 E

n=1  = h
2 / 8m

L
2 

• A
llow

ed levels are separated by: 
  

 ΔE
 = E

n+1  - E
n  = h

2(2n+1) / 8m
L

2  
 

“The(par$cle(in(a(box”(

The(Schrödinger(Equa$on(Approach(

• The total energy is extracted by the 
H

am
iltonian operator. 

• These are the “observable” energy levels 
of a quantum

 particle 
  

E
nergy eigenvalue 

E
nergy eigenfunction 

H
am

iltonian operator 



The(Schrödinger(equa$on(

Kine1c*Energy*
Ham

iltonian*operator*

• The H
am

iltonian has parts corresponding 
to K

inetic E
nergy and P

otential E
nergy. In 

one dim
ension, x: 

Poten1al*Energy*

ħ*=*h*/*2π**(“h*bar”)*

“The(par$cle(in(a(box”(

• The box is a 1d w
ell, w

ith sides of infinite 
potential, w

here the electron cannot be…
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“The(par$cle(in(a(box”(

• The particle cannot exist outside the box…
 

Ψ
 = 0 {x<0;x>L (boundary conditions) 
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0 

0 
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? 
? 

“The(par$cle(in(a(box”(

• Let’s try som
e test solutions 

Ψ
 = sin(πx/L) {x>0;x<L 
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0 

0 
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“The(par$cle(in(a(box”(

Zero potential inside box 

=
εΨ

 !!!%

“The(par$cle(in(a(box”(

• O
ther solutions? 

Ψ
 = sin(2πx/L) {x>0;x<L 

V
 

x 

0 

0 
L 



“The(par$cle(in(a(box”(

• O
ther solutions? 

Ψ
 = sin(3πx/L) {x>0;x<L 

V
 

x 

0 

0 
L 

“The(par$cle(in(a(box”(

• O
ther solutions? 

Ψ
 = sin(4πx/L) {x>0;x<L 

V
 

x 

0 

0 
L 



“The(par$cle(in(a(box”(

• O
ther solutions? 

Ψ
 = sin(nπx/L) {x>0;x<L 

V
 

x 

0 

0 
L 

? 

εn  = �
��
�π
����

�
��

“The(par$cle(in(a(box”(

Ψ
 = sin(nπx/L) {x>0;x<L;n>0 

εn  = �
2n

2π
2/2m

L
2 

P
hilosophical question: w

hy is n = 0 not an appropriate solution? 
 H

int: w
hat’s the probability of observing the particle? 



“The(par$cle(in(a(box”(
Ψ

 = sin(nπx/L) {x>0;x<L;n>0  εn  = �
2n

2π
2/2m

L
2 

εn 

0 

π orbitals(of(cisFbutadiene(

The%four%p%orbitals%all%%
have%the%sam

e%energy%
…
%interact%and%m

ix%

three%nodes%

tw
o%nodes%

one%node%

no%node%
(ignore%plane)%



π orbitals(of(hexatriene(

The%six%p%orbitals%all%%
have%the%sam

e%energy%
…
%interact%and%m

ix%

Som
ething(to(think(about(

• P
article on a ring 

M
ust fit even w

avelengths into w
hole cycle 



N
ext(lecture(

• P
article-on-a-ring m

odel 

W
eek(10(tutorials(

• S
chrödinger equation and m

olecular 
orbitals for diatom

ic m
olecules 

Learning(outcom
es(

• %Be%able%to%explain%w
hy%confining%a%par;cle%to%a%box%leads%to%

quan;za;on%of%its%energy%levels%
• %Be%able%to%explain%w

hy%the%low
est%energy%of%the%par;cle%in%a%box%is%

not%zero%
• %Be%able%to%apply%the%par;cle%in%a%box%approxim

a;on%as%a%m
odel%for%

the%electronic%structure%of%a%conjugated%m
olecule%(given%equa;on%

for%E
n ).%



Prac$ce(Q
ues$ons(

1. 
The energy levels of the particle in a box are given by εn  = �

2n
2p

2/2m
L

2. 

(a) 
W

hy does the low
est energy correspond to n = 1 rather than n = 0? 

(b) 
W

hat is the separation betw
een tw

o adjacent levels? 
(H

int: Δ
ε = εn+1  - εn ) 

(c) 
The π

 chain in a hexatriene derivative has L = 973 pm
 and has 6 π

 
electrons. W

hat is energy of the H
O

M
O

 – LU
M

O
 gap? (H

int: 
rem

em
ber that 2 electrons are allow

ed in each level.) 

(d) 
W

hat does the particle in a box m
odel predicts happens to the 

H
O

M
O

 – LU
M

O
 gap of polyenes as the chain length increases? 


