Lecture 3 :

Examples :

r

Example/;

Find the number of electrons in atoms which have the following level
filled in the ground state
a) K and L shells, the 3s sub shell and one half of the 3p sub shell.

b) The K, L, M shells and the 4s, 4p and 4d sub shells
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Quantum mechanics and the quantum numbers
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The orbital quantum number / determines the variation of the wave
function of the electron as the angle 6 changed. Also from quantum
mechanics, the magnitude of the angular momentum L of the electron in
the atom is given by
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L= Ji(l+1)h

The z-component of the angular momentum L of the electron in the atom

is given by

'L: =’;"Ih ‘N{'

The angle 8 which-the vector L is rotating around
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Where s; is the spin quantum number. It can take only the one value 1/2.
As quantum mechanics developed, scientist found that the correct
magnitude of S is not 1/2 h bL}l/iS given by
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And m; is called the spin magnitude quantum number
Total angular momentum vector J '

J=Lts

J =i+

The magnitudes of the angular momentum L, S, J in units of h according
to quantum mechanics, are given by
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Example /4

Calculate the two possible orientations of the spin vector S with respect to
a magnetic field direction.
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Example/ A

- Consider a d electron in a one electron atomic system. Calculate the value
of
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iii) Possible angles between L and S




Example I:

What is the maximum number of the electrons in an atom that can share
the following quantum numbers?

iyn,l,m,mg ii)n,L,m i)/ iv)n?
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Example 2:

How are electrons distributed in the various sub shells for n=3, give the

quantum numbers in the first sub shell.
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Solution
1)
n=3 - /=0,1,2

2(2 +1)=2(2x0+1) = 2 electron

=2(2x1+1) = 6 electrons

=2(2x2+1) = 10 electrons
2) ¥ g jlad 3 4 el day
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n=3 [=0
j=l+s
=0+12=1/2
j=l-s =0-12=-112 (da)
m=2j+1
=2xi2+ =2 m; = (1/2,-1/2)
m=2M+1 —> m(0)
=2x0+1=1
m&=+1/2,-1/2

Example 3:
Find the number of electrons in atom which have the following level
filled in the ground state
a) KandL shells, the 3s sub shell and one half of the 3p sub shell.
b) TheK, L, M shells and the 4s,4p and 4d sub shells
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4s,4p, and 4d. L A YLK, 1, M 4V (b
K = n=1— 2n’ = 2 electrons
L— n=2— 2n’ =8 electrons
M— n =3 2n’ = 18 electrons
4s — [=0— 2(2 ] +1) = 2 electrons
4p = [=]1— 2(2 ] +1) = 6 electrons
3d — =2— 2(2 1 +1) = 10 electrons

The total number of electrons in atom = 46 electrons
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Example 4

Calculate the two possible orientations of the spin vector S with respect to
a magnetic field direction.
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Form=1/2

|
c059=—('-r-"L= 2 =-‘—3—>cos€=0.578

For my=-1/2
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Example 5

Consider a' d' electron in a one electron atomic system. Calculate the

value of

RS
i) L S
iii)  Possible angles between L and S
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I=2 s=11
j=l4s = j=2412=5
j=l-s = j=21n=3
LS J
L=JlU+Dh = L=J22+Dh=+6h
S=s(s+1)k - S= l(l+l)h=
dz 2 2
For j=5/2
55
J=JjG+Dh =  J=|ZC+p=
J(+1) J 2(2+1)
For j=3/2
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(i) Possible angles between L and S

Forj= 52
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" JU D)=l +1)=s(s+1)
I+ s(s +1)
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cosf, =< = m =0.94
,/2(2+|)£(%+ 1 :
8 =cos™(0.94) — 8=19.94°
For j=3/2
33 1
=(=+H-20+)—=(=41)
cosf, = 22 il

,/2(2+1)J%(%+ 1) s

8=cos™(-1.42) — 6=180°

Example 6

Consider a' f' electron in a one electron atomic system. Calculate the
value of
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iii)  Possible angles between L and S

[=3 Aol oli¥] peo foloal] Jall 8 Sl gbiil  pud ol

\



\

01/

How are the electrons distributed in the various sub-shells for N shel 12
Give the quantum numbers for the electron in the third sub-shell.
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K,L,M,N
n=1,23,45-n=4-1=0,1,2,3
2(2 1 +1)=2((2 %0)+1) =2 electrons
2(2 1 +1)=2((2 x1)+1) =6 electrons
2(21+1)=2((2 x2)+1) = 10 electrons
2(2 1+1)=2((2 x3)+1) = 14 electrons
The quantum numbers for the electron in the third sub-shell.
The third sub-shell - I1=2
n, [, j, mj, my, my

n=4, =2 > j=l+s, I-5

~.
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j=2+12=51 j=2-12=3/2
m=2j+1=(2x5/2)+1=6
m; (- 512, - 312, -112, 112, 312, 512)
m;=2j+1=(2x3/2)+1=4
m; (- 312, -1/2, 112, 3/2)
m=21+1=(2 x2)+1=5
m= (-2,-1,0,1,2)
ms= +1/2,-1/2
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How are the electron distributed in the various sub-shells for L shell?
Give the quantum numbers for the electron in the second sub-shell,
taking into spin orbit interaction.
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K,L,M,N
n=l,2,3,4,5—»n=2—91=0,_,%
The quantum numbers for the electron in the second sub-shell.
The second sub-shell ~ — /=1
n, /, j, mj, my, m;
n=2, I=1 - j=l+s, j=1-s
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(Find the numbers with the quantity of the four neglect the effect of the
spin orbit interaction)

(n, 1, j, my, my)
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(Find the numbers with the quantity of the four taking into the effect of the
spin orbit interaction)

(na la Jil mj, my, m.t)




