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The excited state of an atom is short lived (Dt ~ 108 s) before a
photon is emitted. This causes an uncertainty in E; (DE,) that

Induces an uncertainty in Eg,, which in turn produces an
uncertainty in| .

For E,oon ~ 2 €V (visible spectrum), DI /I ~10°.
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Quantum Mechanics and the Hydrogen Atom
Schrodinger wave equation was solved for Hydrogen atom

A revision of Bohr theory:
n = 1 state actually has zer o angular momentum!

How isthis possible? Won't electron fall into proton?

Invoke Heisenberg Uncertainty Principle £

As electron islocalized near proton, the
uncertainty of linear momentum will n=1
Increase, causing its kinetic energy to
rse. h

Dr 3
P ?

Thus electron never “falls’ into proton.
Instead it forms a spherical

"~ “probability cloud”

nucleus

“probability cloud” around nucleus.

ay = 0.0529 nm
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Pauli Exclusion Principle (1925) and the Periodic Table

Wolfgang Pauli (1900-1958)

No two electronsin an
atom can ever beinthe
same guantum state; that is,
no two electronsin the
same atom can have exactly

/83 S Number of Electrons in

Filled Subshells and Shells

the same value for the sat Number of Number of
Electrons in Electrons in
of guantum numbers: n, |, Shell Subshell  Filled Subshell  Filled Shell
m,, m.. K(n=1] sté=0) 9 9
. s(€=0) 2
L(n=2 o . 8
(€ = 0) 9
M(n = 3) Pl =1) 6 ¢ 18
(€ = 2) 10 |
s(€ = 0) 9
, (€ = 1) 6
AR {i{f = 9) 10 ( 32
€ =3) 14
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LGRS Electronic Configuration of Some Elements

Ground-State Ionization Ground-State Ionization
4 Symbol Configuration Energy (eV) Z Symbol Configuration Energy (eV)
1 H I’ 13.595 19 K [Ar] 45! 4.339
2 He 15 24.581 20 Ca 45* 6.111
21 Sc 3d4s- 6.54
3 Li [He] 25! 5.390 29 Ti 3d?%4s® 6.83
4 Be 25° 9.320 23 \Y 3d"4s* 6.74
5 B 252! 8.296 24 Cr 3d°4s! 6.76
6 o 252242 11.256 25 Mn 3d°4s* 7.432
7 N 25223 14.545 26 Fe 3d54s° 7.87
8 O 2522p* 13.614 27 Co 3d"4s* 7.86
9 F 25227 17.418 28 Ni 3d%4s® 7.633
10 Ne 25220 21.559 29 Cu 3d'04s] 7.724
30 Zn 3d044° 9.391
11 Na [Ne] 3! 5.138 31 Ga 3d'045%4 ! 6.00
12 Mg 352 7.644 32 Ge 3d'04%4p* 7.88
13 Al 3523 p! 5.984 33 As 3d'"45%4p° 9.81
14 Si 35°3p° 8.149 34 Se 3d'4s%4p" 9.75
15 P 35237 10.484 35 Br 3d'4s440 11.84
16 S 3523 10.357 36 Kr 3d'045%44P 13.996
17 Cl 3523p° 13.01
18 Ar 35230 15.755

© 2003 Thomson - Brooks Cole



LGRS Electronic Configuration of Some Elements

Ground-State Ionization Ground-State Ionization
4 Symbol Configuration Energy (eV) Z Symbol Configuration Energy (eV)
1 H I’ 13.595 19 K [Ar] 45! 4.339
2 He 15 24.581 20 Ca 45* 6.111
21 Sc 3d4s- 6.54
3 Li [He] 25! 5.390 29 Ti 3d?%4s® 6.83
4 Be 25° 9.320 23 \Y 3d"4s* 6.74
5 B 252! 8.296 24 Cr 3d°4s! 6.76
6 o 252242 11.256 25 Mn 3d°4s* 7.432
7 N 25223 14.545 26 Fe 3d54s° 7.87
8 O 2522p* 13.614 27 Co 3d"4s* 7.86
9 F 25227 17.418 28 Ni 3d%4s® 7.633
10 Ne 25220 21.559 29 Cu 3d'04s] 7.724
30 Zn 3d044° 9.391
11 Na [Ne] 3! 5.138 31 Ga 3d'045%4 ! 6.00
12 Mg 352 7.644 32 Ge 3d'04%4p* 7.88
13 Al 3523 p! 5.984 33 As 3d'"45%4p° 9.81
14 Si 35°3p° 8.149 34 Se 3d'4s%4p" 9.75
15 P 35237 10.484 35 Br 3d'4s440 11.84
16 S 3523 10.357 36 Kr 3d'045%44P 13.996
17 Cl 3523p° 13.01
18 Ar 35230 15.755

© 2003 Thomson - Brooks Cole



LGRS Electronic Configuration of Some Elements

Ground-State Ionization Ground-State Ionization
4 Symbol Configuration Energy (eV) Z Symbol Configuration Energy (eV)
1 H I’ 13.595 19 K [Ar] 45! 4.339
2 He 15 24.581 20 Ca 45* 6.111
21 Sc 3d4s- 6.54
3 Li [He] 25! 5.390 29 Ti 3d?%4s® 6.83
4 Be 25° 9.320 23 \Y 3d"4s* 6.74
5 B 252! 8.296 24 Cr 3d°4s! 6.76
6 o 252242 11.256 25 Mn 3d°4s* 7.432
7 N 25223 14.545 26 Fe 3d54s° 7.87
8 O 2522p* 13.614 27 Co 3d"4s* 7.86
9 F 25227 17.418 28 Ni 3d%4s® 7.633
10 Ne 25220 21.559 29 Cu 3d'04s] 7.724
30 Zn 3d044° 9.391
11 Na [Ne] 3! 5.138 31 Ga 3d'045%4 ! 6.00
12 Mg 352 7.644 32 Ge 3d'04%4p* 7.88
13 Al 3523 p! 5.984 33 As 3d'"45%4p° 9.81
14 Si 35°3p° 8.149 34 Se 3d'4s%4p" 9.75
15 P 35237 10.484 35 Br 3d'4s440 11.84
16 S 3523 10.357 36 Kr 3d'045%44P 13.996
17 Cl 3523p° 13.01
18 Ar 35230 15.755

© 2003 Thomson - Brooks Cole



LGRS Electronic Configuration of Some Elements

Ground-State Ionization Ground-State Ionization
4 Symbol Configuration Energy (eV) Z Symbol Configuration Energy (eV)
1 H I’ 13.595 19 K [Ar] 45! 4.339
2 He 15 24.581 20 Ca 45* 6.111
21 Sc 3d4s- 6.54
3 Li [He] 425! 5.390 29 Ti 3d?%4s® 6.83
4 Be 25° 9.320 23 \Y 3d"4s* 6.74
5 B 252! 8.296 24 Cr 3d°4s! 6.76
6 o 252242 11.256 25 Mn 3d°4s* 7.432
7 N 25223 14.545 26 Fe 3d54s° 7.87
8 O 2522p* 13.614 27 Co 3d"4s* 7.86
9 F 25227 17.418 28 Ni 3d%4s® 7.633
10 Ne 25220 21.559 29 Cu 3d'04s] 7.724
30 Zn 3d044° 9.391
11 Na [Ne] 3! 5.138 31 Ga 3d'045%4 ! 6.00
12 Mg 352 7.644 32 Ge 3d'04%4p* 7.88
13 Al 3523 p! 5.984 33 As 3d'"45%4p° 9.81
14 Si 35°3p° 8.149 34 Se 3d'4s%4p" 9.75
15 P 35237 10.484 35 Br 3d'4s440 11.84
16 S 3523 10.357 36 Kr 3d'045%44P 13.996
17 Cl 3523p° 13.01
18 Ar 35230 15.755

© 2003 Thomson - Brooks Cole



LGRS Electronic Configuration of Some Elements

Ground-State Ionization Ground-State Ionization
4 Symbol Configuration Energy (eV) Z Symbol Configuration Energy (eV)
1 H I’ 13.595 19 K [Ar] 45! 4.339
2 He 15 24.581 20 Ca 45* 6.111
21 Sc 3d4s- 6.54
3 Li [He] 25! 5.390 29 Ti 3d?%4s® 6.83
4 Be 25° 9.320 23 \Y 3d"4s* 6.74
5 B 252! 8.296 24 Cr 3d°4s! 6.76
6 o 252242 11.256 25 Mn 3d°4s* 7.432
7 N 25223 14.545 26 Fe 3d54s° 7.87
8 O 2522p* 13.614 27 Co 3d"4s* 7.86
9 F 25227 17.418 28 Ni 3d%4s® 7.633
10 Ne 25220 21.559 29 Cu 3d'04s] 7.724
30 Zn 3d044° 9.391
11 Na [Ne] 3! 5.138 31 Ga 3d'045%4 ! 6.00
12 Mg 352 7.644 32 Ge 3d'04%4p* 7.88
13 Al 3523 p! 5.984 33 As 3d'"45%4p° 9.81
14 Si 35°3p° 8.149 34 Se 3d'4s%4p" 9.75
15 P 35237 10.484 35 Br 3d'4s440 11.84
16 S 3523 10.357 36 Kr 3d'045%44P 13.996
17 Cl 3523p° 13.01
18 Ar 35230 15.755

© 2003 Thomson - Brooks Cole



LGRS Electronic Configuration of Some Elements

Ground-State Ionization Ground-State Ionization
4 Symbol Configuration Energy (eV) Z Symbol Configuration Energy (eV)
1 H I’ 13.595 19 K [Ar] 45! 4.339
2 He 15 24.581 20 Ca 45* 6.111
21 Sc 3d4s- 6.54
3 Li [He] 25! 5.390 29 Ti 3d?%4s® 6.83
4 Be 25° 9.320 23 \Y 3d"4s* 6.74
5 B 252! 8.296 24 Cr 3d°4s! 6.76
6 o 252242 11.256 25 Mn 3d°4s* 7.432
7 N 25223 14.545 26 Fe 3d54s° 7.87
8 O 2522p* 13.614 27 Co 3d"4s* 7.86
9 F 25227 17.418 28 Ni 3d%4s® 7.633
10 Ne 25220 21.559 29 Cu 3d'04s] 7.724
30 Zn 3d044° 9.391
11 Na [Ne] + 35! 5.138 31 Ga 3d'045%4 ! 6.00
12 Mg 35° 7.644 32 Ge 3d'04%4p* 7.88
13 Al 3523 p! 5.984 33 As 3d'"45%4p° 9.81
14 Si 35°3p° 8.149 34 Se 3d'4s%4p" 9.75
15 P 35237 10.484 35 Br 3d'4s440 11.84
16 S 3523 10.357 36 Kr 3d'045%44P 13.996
17 Cl 3523p° 13.01
18 Ar 35230 15.755

© 2003 Thomson - Brooks Cole



LGRS Electronic Configuration of Some Elements

Ground-State Ionization Ground-State Ionization
4 Symbol Configuration Energy (eV) Z Symbol Configuration Energy (eV)
1 H I’ 13.595 19 K [Ar] 45! 4.339
2 He 15 24.581 20 Ca 45* 6.111
21 Sc 3d4s- 6.54
3 Li [He] 25! 5.390 29 Ti 3d?%4s® 6.83
4 Be 25° 9.320 23 \Y 3d"4s* 6.74
5 B 252! 8.296 24 Cr 3d°4s! 6.76
6 o 252242 11.256 25 Mn 3d°4s* 7.432
7 N 25223 14.545 26 Fe 3d54s° 7.87
8 O 2522p* 13.614 27 Co 3d"4s* 7.86
9 F 25227 17.418 28 Ni 3d%4s® 7.633
10 Ne 25220 21.559 29 Cu 3d'04s] 7.724
30 Zn 3d044° 9.391
11 Na [Ne] 3! 5.138 31 Ga 3d'045%4 ! 6.00
12 Mg 352 7.644 32 Ge 3d'04%4p* 7.88
13 Al 3523 p! 5.984 33 As 3d'"45%4p° 9.81
14 Si 35°3p° 8.149 34 Se 3d'4s%4p" 9.75
15 P 35237 10.484 35 Br 3d'4s440 11.84
16 S 3523 10.357 36 Kr 3d'045%44P 13.996
17 Cl 3523p° 13.01
18 Ar 3523° 15.755

© 2003 Thomson - Brooks Cole



LGRS Electronic Configuration of Some Elements

Ground-State Ionization Ground-State Ionization
4 Symbol Configuration Energy (eV) Z Symbol Configuration Energy (eV)
1 H I’ 13.595 19 K [Ar] +4s' 4.339
2 He 15 24.581 20 Ca 45° 6.111
21 Sc 3d4s- 6.54
3 Li [He] 25! 5.390 29 Ti 3d?%4s® 6.83
4 Be 25° 9.320 23 \Y 3d"4s* 6.74
5 B 252! 8.296 24 Cr 3d°4s! 6.76
6 o 252242 11.256 25 Mn 3d°4s* 7.432
7 N 25223 14.545 26 Fe 3d54s° 7.87
8 O 2522p* 13.614 27 Co 3d"4s* 7.86
9 F 25227 17.418 28 Ni 3d%4s® 7.633
10 Ne 25220 21.559 29 Cu 3d'04s] 7.724
30 Zn 3d044° 9.391
11 Na [Ne] 3! 5.138 31 Ga 3d'045%4 ! 6.00
12 Mg 352 7.644 32 Ge 3d'04%4p* 7.88
13 Al 3523 p! 5.984 33 As 3d'"45%4p° 9.81
14 Si 35°3p° 8.149 34 Se 3d'4s%4p" 9.75
15 P 35237 10.484 35 Br 3d'4s440 11.84
16 S 3523 10.357 36 Kr 3d'045%44P 13.996
17 Cl 3523p° 13.01
18 Ar 35230 15.755

© 2003 Thomson - Brooks Cole



Characteristic X-rays Mo: Z = 42



Characteristic X-rays Mo: Z = 42

State 1

)

n=1
K shell

n=2
L shell



Characteristic X-rays Mo: Z = 42

High energy
State 1 electron/.
n=1
K shell
n=2 n=2

L shell L shell



Characteristic X-rays Mo: Z = 42

State 1
(o) l
n=1
K shdll
n=2 n=2

L shell L shell



Characteristic X-rays Mo: Z = 42

State 1

)

n=1
K shell

n=2
L shell

State 2




Characteristic X-rays Mo: Z = 42

State 1

)

n=1
K shell

n=2
L shell

State 2




Characteristic X-rays Mo: Z = 42

State 1

)

n=1
K shell

n=2
L shell

State 2

State 3




Characteristic X-rays Mo: Z = 42

State 3

State 1 State 2

)

n=1
K shell

n=2
L shell

In K shell for State 1, each electron partially shields the other. Thus
effective nuclear charge® Z 4 =42 -1=41. In State 2, thereis
only one electron between L-shell electrons and nucleus,

thus Z,; = 42 -1 = 41.
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