INTRODUCTION TO QUANTUM CHEMISTRY

APPLICATION OF SCHRODINGER WAVE EQUATION TO A PARTICLE (ELECTRON) ENCLOSED IN A

1 DIMENSIONAL POTENTIAL BOX

Let us consider a particle (electron) of
mass ‘m' moving along x-axis, enclosed in a
one dimensional potential box as shown in
Fig. 4.8.

Since the walls are of infinite potential
the particle does not penetrate out from the
box.

Also, the particle is confined between
the length ‘I' of the box and has elastic _
collisions with the walls. Therefore, the | The inferactive ...imunfu-‘:: '(['l‘;
potential energy of the electron inside the box l@ concept can be viewed in
is constant and can be taken- as zero for
simplicity.

Fig. 4.8

tial
~. We can say that Qutside the box and on the wall of the box, the potentt
energy V of the electron is oo.

Inside the box the potential energy (V) of the electron is zero.

In other words we can write the boundary conditions as

x)= when 02x 21

Since the particle cannot exist outside the box the wave function y =0 when
02x21.

To find the wave function of the particle within the box of length ‘0", let
us consider the schroedinger one dimensional time independent wave equation (i.e.,)

%+-2r!",-(5—v1w=0
]

Since the potential energy inside the box is zero [(i.e) V=0), the particle

has . . - - :
kmcnc;nergy alone and thus it is named as a free particle (or) free electron.

'
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~~ For
by A free particle (electron), the Schroedinger wave cquation is given
dzlu 2m
—+—Ey=0
e
(or) 2
d’ ]
.ﬁ_*_ L] w = O e (
Where k2=2h\1E
. -2

lon i 1 i i !

. The solution for equation (1) is given by

. (3)

here A and B are called as arbitrary constants, which can be found by applying

e boundary conditions.”

(i.e.,) V(x)=c when x=0 andx=/
ntial energy V =eo, .. There is no

Boundary condition (i) at x=0, pote
~yx)=0

ance for finding the particle at the walls of the box,

.. Equation (3) becomes

0=A sin 0 + B cos 0
0=0+B()

~B=0

Boundary condition (ii) at x =1, potential energy V=ece, . There is no
icle at the walls of the box; .. W (%) =0

ce for finGing the part
Equatioﬁ (3) becomes
0=Asin kl + B cos kl

rﬁ 1st Boundary condition), we have

ce B:O (fro '
: 0=A sinkl

Sin
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Since A # O, skl 0

We hnow sin nn ()

3 \ )
Lompanng these twao cquations, we can wiite Al nn

where noas an mteyper

umt'? (4)

Substituting the value of Band k in equation (3) we can write the wave
function associated with the free electron confined in a one dimensional box as
nny N

Yy (€)= A sin e (

Energy of the particle (Electron)

We know from equation (2)

3= _Zml':
;i}—
__2mE ‘ SRS W
(h*/4m?) l an’
-
(or) k2=8Lh;-"—b- . (6)
Squaring equation (4) we get
. (N
(8)

. From equations (8) and (5) we can say that, for each value of ‘n’, there
is an energy level and the corresponding wave function.

Thus we can say that, each value of E, is known as Eigen value and the
corresponding value of Y, is called as Eigen Sfunction.
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Energy levels of an electron

For various values of ‘n’ we get vanous energy values of the electron The
lowest energy value (or) ground state energy value can be got by substituting
n=1 in equation (8)

"
h-
5
8ml”

.. When n=1 we get E, =

Similarly we can get the other energy values

2

/
412=>4EI

(i.e.,) When n=2 we get E,=
8ml

9h*
Whenn=3 weget E;=—— = 9E,
8ml”

16 h?
Whenn=4 weget E,= 5= 16 E,
8 ml

- In general we can write the energy eigen function as

.(9)

It is found from the energy levels
E|\,E, E; etc the energy levels of an

electron are Discrete. V=« A ev=cr.

This is the great success which is
achieved in quantum mechanics than
classical mechanics, in which the energy
levels are found to be continuous.
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The various energy eigen values
and their corresponding eigen functions of
an electron enclosed in a one dimensional <=0 x=
box is as shown in Fig. 4.9. Thus we have Length of the Box —*
discrete energy values.

en.
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Fig. 4.9
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the Lh.s. wﬂlnlsoremainequaltothesameconstanteventhough 0 varies. m
situation when 6 is kept constant and @ varies. Both sides of Equation (6. 2?3

constant, Let the constant be denoted by M for convemence Thus, Equatwn4

two ordinary differential equations:
&b} ﬂ =M
Efdet 4v. !
and, after multiplying Equation (6.22) by P/sin” 6,
d*P cos® dpP M P
o daz+sin0.3fc P=sih29
where B= 8 mr’ E






