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Table 19.3a. Periodic Table with electron configurations, ground state terms, and ionisation energies. The \ }
filled shells and subshells are shaded

|

Atomic Element Shells LS First
number configuration jonisation
z K L M N o of the ground potential
n=1 n=2 n=3 n=4 n=>5 state [eV]
s s p s p d s p d P
1 Hydrogen 13.60
Helium 24.58

3 Lithium 5.39

4 Beryllium 9.32

5 Boron 8.30

6 Carbon 11.26

7 Nitrogen 14.54

8 Oxygen 13.61

9 Fluorine 17.42
10 Neon 21.56
11 Sodium 5.14
12 Magnesium 7.64
13 Aluminium 5.98
14 Silicon 8.15
15 Phosphorous 10.55
16 Sulphur 10.36
17 Chlorine 13.01
18 Argon 15.76
19 Potassium 4.34
20 Calcium 6.11
21 Scandium 6.56
2 Titanium 683 2
23 Vanadium 6.74 E
24 Chromium 676 32
25 Manganese 743 ¢
26 Iron 7.90 :E
27 Cobalt 7.86 E
28 Nickel 7.63 £
29 Copper 1.72
30 Zinc 9.39
3 Gallium 6.00
32 Germanium 7.88
33 Arsenic 9.81
34 Selenium 9,75
35 Bromine 11.84
36 Krypton 14.00
37 Rubidium 1 4.18
38 Strontium }‘“f;“; 5.69
39 Yttrium 1 |} 2. 6.38
40 Zirconium 2 12 6.84
41 Niobium 4 ! 6.8 §
42 Molybdénum 5 1 743 E
43 Technetium 6 1 723 ©
44 Ruthenium 7 1 7371 8§
45 Rhodium 8 1 746§
46 Palladium " 833 &
47 Silver 1 751 F
48 Cadmium 8.99
49 Indium 5.79
50 Tin 7.33
51 Antimony 8.64
52 Tellurium 9.01
53 Iedine 10.44
54 Xenon 12.13




Table 19.3b. Periodic Table with electron configurations, ground state terms, and ionisation energies. The
filled shells and subshells are shaded. (The subshells 5¢ and 6f, 6g, 64 are not shown, since there are no
atoms which have electrons in these shells in their ground states)

Atomic Element Shells LS First
number configuration ionisation
V4 N 0 P Q of the ground potential

n=4 n=5 n=6 n=7 state [eV]

s pd f s p d [ s pd s
55 Cesium Cs 26 10 2.6, 1 2812 3.89
56 Barium Ba ‘2 6 10° 276 P2 1S, 5.21
57 Lanthanum La 2.6 ‘ 1 2 Dy, 5.61
58 Cerium Ce 126 V2 *H, 5.6
59 Praseodymium Pr 2 6 b2 ot P 5.46
60  Neodymium Nd ;276 112 *l, 5.51
61 Promethium Pm : 2 6 P2 SH,,;
62 Samarium Sm ;| 2°6 D2 ’Fo 5.6 "
63 Europium Eu 2.6 P2 8842 5.67 k=
64  Gadolinium Gd 2 6 T 3 °D, 6.16 S
65 Terbium Tb {26 . b2 — 5.98 5
66 Dysprosium Dy i 26 v A 6.8 &
67 Holmium Ho [ 2 6 P2 11612
68 Erbium Er {26 6 L2 3Hs 6.08
69 Thulium Tm [ 26 100 13 (2~ . 2 *Fa12 5.81
70 Ytterbium Yb 2 6 10 147:2.6° 2 'So 6.22

i o | R
7 Lutetium Lu {7276 10, 14 72.6° 1 2 2Dy, 6.15
yp) Hafnium Hf 1'2.6 10 14. 26 2 ;2 ’F, 5.5
73 Tantalum Ta {2 6 10 14 26, 3 L2 “Fys 1.7 2
74 Tungsten W 2610 14 2 6 4 L2 Dy 7.98 2
X Rhenium Re 12 6 10 .14.°2 6, 5 L2 S5/ 7.87 s
76 Osmium 26 10 14>-.2 61 6 L2 5D, 8.7 =
77 Iridium 726 10 1426 9 2Dy, 9.2 2
78 Platinum Pt 126 10 14 2 6: 9 1 3D, 9.0 g
79 Gold Au 2 6 10 14~ 2 6 10 1 S12 9.22 &
80 Mercury Hg | 2 6 10 14 6 10 ] 'S, 10.43
81 Thallium 276,710 1 6 100 (0201 2P 6.11
82 Lead [2:6 10 6 100 1202 P, 7.42
83 Bismuth 26 10 $ 6100  1:2.3 Sy 7.29
84  Polonium i'2 6 10 6 10 24 *P, 8.43
85 Astatine b 2 10 6 10 t2:5 9.5
86 Radon P2 10 6.10. 26 'So 10.75
87 Francium 2 !
88 Radium n2 14572 6 20
89 Actinium Ac 12.6 10 14 2.6 10 261 2
90  Thorium Th ©2.6 10 14°°2 6 10, 6 2 2!
91 Protactinium Pa (2.6 10 14 ~ 2.6 10 “6 1 T2
92 Uranium U ~2°610 142 6 10 6 1 2"
93 Neptunium Np :2 6 10 14-°27°6. 10: 61 2
94 Plutonium Pu 26 10 14 2 6 10 -6 2]
95 Americium Am 2 6 10 14 2 6 .10 6 2 g
96 Curium Cm -2 6.10 .14 2.6 10: L6120 2
97 Berkelium Bk 2.6 10 14:2 6 .10 6 1 2 g
98 Californium  Cf °27°6 10, 1432 6 '10; . 6 2. <
99 Einsteinium Es .2 6 10 14.-2 6 10 :6 L2
100 Fermium Fm 2610 1472 6 10. 6 2
101 Mendelevium Md 2 6 1014 2 6 10 6 2
102 Nobelium No 2 6 10.14 2 6 10 . 6 "2
103 Lawrencium Lw .2 6 10.14 :2 6 10 6 1 2
104  Kurchatovium 127610 142 6. 10 . 16 2 12
105 Hahnium ©2°6 10 14.9°2°6 10 14 2.6 3 '2

voores el I w Dot e

5.5
AN



11.3 The Term Diagram

’%nergy E [eV]

2 2 2
Sz *Rrap sk T H Atom

5p | 5d

5f

I 4p ” 4d

4f

4
—3

10

40

Wavenumber v [10° cm™]

§.2G
\
169
(2-3)

Fig. 11.5. Term diagram of the lithium atom
with the most important transitions. This is
called a Grotrian diagram. The term symbols
given along the top of the figure are ex-
plained in Chaps. 12 and 17
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TIME - INDEPENDENT
PERTURBATION THEORY

= NONDEGENERATE PERTURBATION THEORY

INTRO

(, SUPPOSE  WE HAVE  SOLVED
., 0 o o o
H {\Lm = l:’-/vx /\{'M
(UNPERTURBED PROBLEM )

To SoLvE SCHRODINGER ER. _
H ATOM. IN

cHALL TERTURBATION (e.q. WERK APPLIED
MAGNETIC FIELD )

(s <opposE WE WANT
N PRESENCE ©f

Ho= H o+ A H

0\
SMALL TERTURBATION

(N PARAMETER TO' DENCTE
ORDPER. OF PERTURBATION

Will BE TAKEM —\ i Eny )

H/\{’V\ :EM/\{':V\

CAN WE  FinD  ADPPRCXIMAIE SOLUTIONS

o G v En ]



0 l 2 2
= + f\ (\{M -+ )\ (\{m + -
e \
E/V\ = EMO —+ A\ va + /\z E/:_ Foo.
0 1 )
KMOWNM |- ORDER J - OR’DER
CORRECTION CORRECTION
\\/ H/\!M: Em /\{'”\
(Moo AH ) (A + M« N )
(B g S NED N )

) ExpANSiON 1N
v

HBMMO-I- X (H,“{,noﬁL Ho/\tﬂi>+/\z(H"\{m‘+HW:>
DB N (E A ESH) e A (B Eata
+ E,f ’\{mo) S

DENTIFY  TERMS o A - EXPANSION
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0 o) o
H* N, = En ']fm oAIGINAL , UNPERTURBED
PROBLEM  WHICH wE HAVE SOLVED

, {
(, To FIRST ORDER A

! ]

L T A

m

L.
Ls T SECOND ORDER \

‘ O 0 { ! 2.6
H 'y’“ + H (\{mz = EM A{rnz + Em ’\Im t tm 'A}'n

o FIRST- ORDER PERTURBATION THEORY

Loou'yS o MO - B A Bl
( TAKE  NMER  PRODWT WiTH </\u‘]
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8] 0 [
N P N LD S =8 <N I N D

<(\1M0 'HO _ </\(MO( EM

<<~

<N D> =



AT HUINSS ¢ B <A s

—

= Eﬂ\ CoF EMO.,_. < /\LMOVI”/X[A, >

Eo o= <M, [H'[4)

NOTE ©  WE USE THIS  WHEN CALCOLATING THE
CORRECTION PUE TO COULOHB REPULSION

BeTwery 2e i He ATOM -

M. et
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' ' —o wWAVE FuNcTion
L> N)ﬂ' (FIRST ORDER CORRECTION 0 W )

(Ho- € )N = (B-H )

r\(o FORNS CoHPLETE SET
m

I

N o= LA,

mnFEM

NOTE: TERM ALC  poes NoT CONRIBUTE AS (H°- ELJY.=0



S N I P S DT,

M § M

o men
| 0. o \ o
= Eﬂ\ 4/\{;@ ’¢,“0> - < A‘_e H [/\[% >
CAE_ K= N> =0

~> [ = <’¥,:]H‘|’\[,f>

!  wWC TDERIVED THIS BEFORE

CASE L+ m <"ﬂ0l“{,: S - E:M

£.5
~~

0
0 ARE  EIGENSTATES oF H



{
—
3
o
N
I
I
A
o
O
I
—
=
(o)
N/

ol s =

C

0
mEm Em "Em\

oL Y  APPLIES  wWHEN UNPERTURBED SPECTRUM

'S No ™

—

(&)
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SECOND ORDER PERTURBATION THEORY
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=> DEGENERATE PERTURBATION THEORY

WVWM’\AM/WWM
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|
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SPECIAL CASES
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