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B—11

C=12
" N=14

~0=16
’ F=19
Li =7 Na  =‘23

Al=274
Si—28
P=31
Cl=35,5
- K=39
Ca=40
P=45
?Er=—>56

o PY =60

 ?Tn—756

Ti=50 Zr—90
V=51 Nb=9%
Cr=52 Mo—96 -
Mn==55 Rh—104,4
Fe—56 Ru=—104,4

Ni=—Co—59 Pl—106,6

Cu=—63,4 Ag—108

Zn—652 Cd=112 .

?=68 Ur—116
=70 Sn=118

. As=75 Sb—122-

Se=179,4 Te=—128?

Br=—280 J =121
Rb=285,4 Cs=133

Sr—=287,6 Ba=137
Ce=92

La— 94

Di=95

 Th=—118?

?—180.

- Ta—182.

‘W =—186.

Pt=—197,4

Ir=—198.
Os = 1‘99..‘
Hg—200..

Au=—197>

P—

- Tl=204..
Pb=207..

. Mendenees.

~ Mendeleev's original February 1869 publication of his short-form periodic system, entitled “An Attempt at
a System of Elements, Based on Their Atomic Weight and Chemical Affinity.”
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IUPAC Periodic Table of the Elements

1 18
1 2
H He
hydrogen helium
(oo ro0sn| 2 Key: 13 14 15 16 17 40026
4 atomic number 5 6 7 8 9 10
Li Be Symbol B C N (0] F Ne
lithium beryllium name boron carbon nitrogen oxygen fluorine neon
6.94 conventional atomic weight 10.81 12011 14.007 15,999
[6.938, 6.997] 9.0122 standard atomic weight [10.806, 10.821] | [12.009, 12.012] | [14.006, 14.008] | [15.999, 16.000] 18.998 20.180
1 12 13 14 15 16 17 18
Na Mg Al Si P S Cl Ar
sodium magnesium aluminium silicon phosphorus sulfur chlorine argon
4. 28.085 .« .96
22.990 [24.3;4,333.307] 3 4 5 6 7 8 9 10 " 12 26.982 [28.084, 28.086] 30.974 [32.05:9?:0362.076] [35.4:55,4355.4571 [39,793; 39.963]
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti \' Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
potassium calcium scandium titanium vanadium chromium manganese iron cobalt nickel copper zinc gallium germanium arsenic selenium bromine krypton
39.098 40.078(4) 44.956 47.867 50.942 51.996 54.938 55.845(2) 58.933 58.693 63.546(3) 65.38(2) 69.723 72.630(8) 74.922 78.971(8) ns.s(;i?;;.son 83.798(2)
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
rubidium strontium yttrium zirconium niobium molybdenum { r i rhodium palladium silver cadmium indium tin antimony tellurium iodine xenon
85.468 87.62 88.906 91.224(2) 92.906 95.95 101.07(2) 102.91 106.42 107.87 1241 114.82 18.71 121.76 127.60(3) 126.90 131.29
55 56 57-711 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba | eoes | HFf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
caesium barium hafnium tantalum tungsten rhenium osmium iridium platinum gold mercury thallium lead bismuth polonium astatine radon
20438
132.91 137.33 178.49(2) 180.95 183.84 186.21 190.23(3) 192.22 195.08 196.97 200.59 [204.38, 204.39] 207.2 208.98
87 88 104 105 106 107 108 109 110 1M1 112 113 114 115 116 117 118
Fr Ra Rf Db Sg Bh Hs Mt Ds Rg Cn Nh FI Mc Lv Ts Og
francium radium rutherfordium dubnium seaborgium bohrium hassium dar i genium pemicil nihonium flerovium moscovium | livermorium tennessine oganesson
57 58 59 60 61 62 63 64 65 66 67 68 69 70 7
Pm | Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
lanthanum dymi neodymi i d terbium dysprosium holmium erbium thulium ytterbium [utetium
13891 5 . l 150.36(2) 8 5 X 162.50 ! 167.26 168.93 X 174.97

INTERNATIONAL UNION OF
PURE AND APPLIED CHEMISTRY

For notes and updates fo this table, see www.iupac.org. This version is dated 1 December 2018.
Copyright © 2018 IUPAC, the International Union of Pure and Applied Chemistry.
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Ionization energy, atomic radius, and electron affinity as
functions of atomic number Z. The vertical lines separate complete shells. The
electron affinities for elements 57 through 72 have not been measured.



AP--(4)

Electronic Configurations of the Elements

Ground Ionization Ground Ionization
4 Symbol Configuration Energy (eV) z Symbol Configuration Energy (eV)
1 H 1st 13.595 26 Fe 36452 7.87
2 He 142 24.581 27 Co 347442 7.86
28 Ni 38452 7.633
3 Li [He] 25! 5.390 29 Cu 31041 7.724
4 Be 252 9.320 30 Zn 341042 9.391
5 B 2522 p! 8.296 31 Ga 3d104,524p! 6.00
6 oy 2529 p2 11.256 32 Ge 31045242 7.88
7 N 25223 14.545 33 As 8410452443 9.81
8 o) 2522 13.614 34 Se 3110424 p# 9.75
9 F 25225 17.418 35 Br 31045245 : 11.84
10 Ne 25296 21.539 36 Kr 8104524 46 13.996 .
11 Na [Ne] 85t 5.138 37 Rb (Kr] 5! 4.176
12 Mg 352 7.644 38 Sr 552 5.692 -
13 Al 3523 pl 5.984 39 Y 44552 6.377 -
14 Si 3523 p2 8.149 40 Zr 4d2552 6.835
15 P 35283 10.484 41 Nb 4d45s1. 6.881
16 S 3523 pt 10.357 42 Mo 445551 - 7.10
17 cl | 35235 13.01 43 Tc 4552 7.298
18 Ar 35236 15.755 44 Ru 44755 7.365
. 45 - Rh 448551 7.461
19 K [Ar] 4s! 4,339 46 Pd 4410 8.33
20 Ca 452 6.111 47 Ag = 441051 7.574
21 Sc 3452 6.54 48 Cd 4410552 8.991
22 Ti 8d2452 6.83 49 In 44105525 1 5.785
23 \% 3d34s2 6.74 50 Sn 44105 525 2 7.342
24 Cr 3d54s 6.76 51 Sb 44105 525 3 8.639
25 Mn 3d5452 7.432 52 Te 44105525 -9.01

LFian, Serwey ot al. "Mooy Physice”|



A-m3)

Corib

Ground. Ionization Ground Ionization

YA Symbo! ’ Configuration Energy (eV) z Symbol Configuration Energy (eV)

53 I 4410552545 10.454 79 Au [Xe, 4f145410] 64! 9.22

54 Xe 4410552546 12.127 80 Hg 652 10.434
81 T1 6526p! 6.106

55 Cs [Xe] 65! 3.893 82 Pb 6526p2 7.415

56 Ba 652 5.210 83 Bi 6526p3 7.287

57 La 5d6s2 5.61 84 Po 6s26p* 8.43

58 Ce 415 d6s2 6.54 85 At 6526,p5

59 Pr 413642 5.48 86 Rn 6526 p6 10.745

60 Nd 414652 5.51

61 Pm 4f56s2 87 Fr [Rn] 7s!

62 Fm 416642 5.6 88 Ra 752 5.277

63 Eu 4f7652 5.67 89 Ac 64752 6.9

64 Gd 4f75d652 6.16 90 Th 642752

65 Th._ 419652 6.74. 91 Pa 5f26d7s2

66 Dy 4f106s2 6.82 92 U 5/36d7s2 4.0

67 Ho 4f11652 93 Np 5f46d7 52

68 Er 4f12652 94 Pu 5f672

69 Tm 4113652 95 Am 5f77s2

70 Yb 4/14652 6.22 96 Cm 5/76d7 2 .

71 Lu 4f145 4652 6.15 97 Bk 5/36d7s2

72 Hf 4f145q26¢2 7.0 98 Cf 5f10742

73 Ta 411454362 7.88 99 Es 5f1172

74 \ 4114534652 7.98 100 Fm 512751

75 Re 41454562 7.87 101 My 5f1372

76 Os 4145 466 52 8.7 102 No. 514752

77 Ir 4f145d76 2 9.2 103 Lw 5f14647 52

78 Pt 4f145 862 8.88 104 Ku 5146 427 52

Note: The bracket notation is used as a shorthand method to avoid re
[Nelrepresents 152252246, [Ar) represents 1522522635236, and so on

petition in indicating inner shell electrons. Thus, [He] represents 1%,
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i AP-11-(9)
Electron configurations of the ground states of the first 18 elements.
The Oblr Elonens

First shell ‘ Second shell Third shell
H: o Ls! ,Li ¢ 1522s! nNa: 1s225%22p¢3s!
JHer 152 Be 1 152252 Mg: 1s22522p63s2
sB 1 1522s522p! BAL L 1522522p63523p!
- C 1522522p2 S 15%28522p83523p2
N o 1s22522p3 P 1522522p63523p3
§O  1522522p* 165, 1 1s22522p©3523p*

Mﬁﬁj‘m (z: Iq) 9F : 1522'?22105 17C1 : 15225221?633231)5
. jolNe:  1522522p$ AT T 1522522635236
k_w-————)
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s otk 45 1oel, is gty Sner i eny
16" 26 o 357 b 451 /522522/05 35 39t 45*
[ The outer elpchong e usually vebrved
T a the valents,_elgctrons. (12 % 1)
They govern the valbnt , 2.4, K, and
fene the Chemistry.]
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Typical radial probability distributions for a 34 and 4 electron
in the transition elements ,,Sc through ;,Zn. Note how the 4s distribution
peaks more than four times farther out than the 34. For this reason it is the 45
electrons that determine the chemical properties of the transition metals.
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