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ABSTRACT: A diagram that represents electron levels and r~ - - [ [ |

sublevels with the corresponding values of quantum numbers O B S I -
has been designed. The main purpose of the diagram is the ~ — ~u

explanation of the atomic structure to the students according
to Hund’s rule and especially Madelung’s rule. The diagram r_—’EED—’.—,
represents a specific arrangement of all sublevels’ orbital
diagrams in order to enhance the understanding of said rules.
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Figure 2. Order for filling the sublevels with electrons according to Madelung’s rule.
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Charles Janet (1926)

It’s Elementary!

Left-step Periodic Table

H | He

Li | Be

BJC|N]J]O]|F |Ne|Na]Mg

AllSi|P ] S|CIJAr| K |]Ca

Sc| Ti|] V]Cr|Mn]JFe|Co]Ni |Cu|Zn|Ga|Ge]|As|Se|Br|Kr|Rb| Sr

Y | Zr INb|[Mo| Tc JRuJRh | Pd|Ag|Cd] In |Sn|Sb|Te] | | Xe|Cs | Ba

La|Ce | PrINd|[Pm|Sm]JEu|Gd]|Tb |Dy |HO| Er | Tm]JYb|JLu|Hf JTa| W |Re|Os| Ir | Pt JAu]JHg| TI |Pb| Bi |Po| At J]Rn| Fr | Ra
Ac|Th|Pa] U [Np|Pu]lAm|Cm|Bk | Cf |Es|Fm|Md|No| Lr | Rf [Db|Sg|Bh|Hs| Mt |Ds|Rg|Cn|Nh] FI [Mc| Lv | Ts | Og
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Alfred Werner (1905)

32-column Periodic Table

H | He

Li | Be BIC|IN]JO]|F|[Ne
Na | Mg AllSi|]P]|S|Cl]Ar
K | Ca Sc| TiJ] V]|Cr|Mn]JFe|Co| Ni |Cu|lZn|Ga|Ge]|As|Se]| Br| Kr
Rb | Sr f Y | ZrINb|Mo| Tc J]RuJRh |PdJAg|Cd]| In |[Sn|Sb]|Te| | | Xe
Cs|Ba|La|Ce|Pr|Nd|Pm|Sm|Eu|Gd| Tb Dy |Ho| Er {[Tm|Yb|JLu|Hf | Ta] W |Re|[Os| Ir | Pt |[AuJHg| Tl | Pb| Bi | Po| At | Rn
Fr{Ra|JAc|Th|Pa| U [Np|Pu|Am|Cm|Bk | Cf |Es |Fm|Md|No| Lr | Rf |[Db|Sg|Bh|Hs | Mt |Ds|Rg|Cn|Nh| FIl [Mc]|Lv | Ts|Og
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,ﬁﬁ"
I | U P A C -
Li | Be BJC|IN]JO]|F|Ne
INTERNATIONAL UNION OF
Na | Mg PURE AND APPLIED CHEMISTRY Al l si = slcalar
KJlCa|Sc| Ti| V]CrIMn]JFe]Co] NiJCu]Zn]|Ga]|Ge|As | Se]| Br | Kr
Rb[Sr{ Y | Zr[Nb[Mo|] Tc J]RUujJRhJPd]JAg|Cd]l In|Sn|Sb|Te| | | Xe
Cs | Ba Hf | Ta] W ]Re|Os| Ir | Pt J]AulHg ]| Tl | Pb| Bi | Po] At | Rn
Fr | Ra Rf IDb|Sg|BhJHs| Mt [Ds | Rg|Cn|Nh] FIl | Mc]Lv ] Ts|Og
La | Ce | Pr{NdIPm]|Sm|Eu|Gd]| Tb | Dy |Ho ] Er | Tm| Yb | Lu
AclTh]JPa] U |Np|]JPu|l]Am|Cm] Bk | Cf|Es|Fm]|Md| No | Lr
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1 IUPAC Periodic Table of the Elements 18

1 2
H He
hydrogen helium
[1.0078, 1.0062] 2 Key: 13 14 15 16 17 o
3 4 atomic number 5 6 7 8 9 10
Li Be Symbol B C N (0 F Ne
lithium beryllium name boron carbon nitrogen axygen fluorine neon
£0e cavmnionl atanic weight 0 1201 w7 1.9%
[8.938, 6.997] 9.0122 standard tamic weight [10.806, 10.821] | [12.009, 12012] | [14.006, 14.008] | [15.999, 16.000) 18998 20180
" 12 13 14 15 16 17 18
Na Mg Al Si P S Cl Ar
sodium magnesium aluminium silicon phosphorus sulfur chlorine argon
@m0 |pawps2e07 3 4 5 6 7 8 9 10 " 12 2892 |pacsszaces| soers  |p2oss.d207e) | psas ssasy|  msa
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti Vv 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 germmanium arsenic selenium bromine krypton
39.008 40.078(4) 44956 47.887 50842 51.996 54938 55.845(2) 58.933 58693 63.546(3) 65.38(2) 69.723 72.630(8) 749022 78.971(8) [7&9;:?9.907] 83.798(2)
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr  § Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
rubidium stronfum yttrium zirconium niobium molybdenum | fechnetium ruthenium rhodium palladium silver cadmium indium tin anfmony tellurium iodine xenon
85.488 &7 82 88.906 91.2242) 92906 9595 101.07(2) 10291 10642 10787 112.41 nam 18.71 12176 127 60(3) 126.90 13129
55 56 57-711 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs | Ba |opoue| Hf | Ta | W | Re | Os | Ir Pt | Au | Hg | TI | Pb | Bi | Po | At | Rn
caesium barium hafnium tantalum tungsten rhenium osmium indium platnum gold mercury thaliium lead bismuth polonium astatine radon
aE
13291 13733 178.49(2) 18095 183.84 18621 190.23(3) 19222 19508 196.97 200.58 [20438,204 39 2072 208.98
87 88 104 105 106 107 108 109 110 11 112 13 114 115 116 117 118
Fr Ra Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Mc Lv Ts Og
francium radium rutherfordium | dubnium seaborgium bohrium hassium meitnefium | damstadtium | roenigenium | copemicium nihonium flerovium moscovium | livermorium tennessine oganesson
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
La Ce Fr Nd Pm | Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
lanthanum cenum praseodymium modyni.ln promethium | samarum europium gadolinium ferbium w holmium erbium thulium yterbium lutetium

INTERNATIONAL UNION OF
PURE AND APPLIED CHEMISTRY

For notes and updates fo this table, see www.iupac.org. This version is dated 28 November 2016.
Copyright © 2016 IUPAC, the International Union of Pure and Applied Chemistry. 17
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Chemical Element: Species of Equicharged Atomic Nuclei
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1 2 3
1H 1H 1

H

Protium Deuterium Tritium

Isotopes of Chemical Element: Chemical Element Representatives

with different mass number
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IUPAC Periodic Table of the Isotopes

Element Background Cclor Key

- ieataps h
element name—cadmium A {number of protons +

and upper bounds wihin square brackess, [1

Elemert has two cr more izolopes that sre used to determine e standard atomic weight. The izotodic
atomic weights vary in normel materials, but upper and lower bounde of the standard atomiz weight heve not been assigned

by IUPAC or the variations may be too emall to affect the standard atomic weight value significantly. Thus, the staadard
inty that i both

atomic weight iz givea as a angls veluo with an
to izotopic abendancs variationa.

uncerainty and uncertainty due
Elemert has only oneizotope that is used te determine its standard atomic weight. Thus, the standard atomic weightis
invariel md s giron wes o siey s vtk with s JUPAC wvalustied wicen bsinty.

D Elomert hes 1o rd stomic weight becauss al of its isotop

ive and, in normal materiale, nc isctope
pi from which a standard atomic weight can be determinad.

Etandard atemie woighto aro tho boot ootimatoo by WWPAC of atcmic woighto that aro found i ialo, whioh aro c 100 14R ]
.”:nmﬂ bly "-.:lmhr d their il o -M::mlhsym """"“’"'”"‘Cd“’ ad/ |- .Mm'.-:‘m,n.“
e tabk . d £ e & y hat-lives cheracteristic termsatrial |
isotopil :'gnom). are D n ioactive decay has not been detected (_..":r':.'-‘,."::".r‘“ o * Ftose 1 rastosctive
* mN\_ abusdance -
Element has two ¢r more igolopee that sre used to detsrmine its standard atomic weight. The izotonic sbundances and abemiiandan | i !.".,.....)
atomic weight: vary in normel materials. Thaee varations are well known, and the standard atomic weight is given as lower

G talnty in last digit (112414 £ 0.004)

ic abundances and

razsscery,__Jworiay 7 | reasor

"ol e o m

yiterium | lutetium

X)E ..I7.1u -
"®

actinium thorum pretactinium § uranium

Ac,,\\ Th __.|Pa

17
robelium lawrencium
IL s

OO

U =

91.sz

232 4 231036 218.028 81
of ani

Intsrmational Union of Pure and Applied Chemistry (UPAC) Project 2007-038-3-200, *

2
‘ 93
)

Gctober 1, 2)13 www.ciaaw.org
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chlorine

& —
17

Pie Chart

35
[35.446, 35.457]

35:0.7576 + 37-0.2424 = 35.453 [a.m.u]

Isotopic Abundance
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3 1 0

1| 4

ATMOPHILES ';' “;

2,20 -

7 9

LITHOPHILES '5' B:

- 0.98 | 1.57

= e — 19 | 20| 23 | 24

' S i F [Ne| Na [Mg

S 10 [REldos|es 2

3.04 |3.44 | 3.98 = 0.93 | 1:31

35.5|40| 39 | 40

SIDEROPHILES B A I

17 118 19 | 20

3.16 - 0.82 | 1.00

45| 48 | 51| 52 80 | 84|85.5| 88

Sc| Ti | V|Cr] Br | Kr| Rb | Sr

21 | 22 | 23| 24 53 |eley | 57 || 38

1.36| 1.54 1.63 | 1.66 2.96 = 0.82 | 0,95

89| 91 | 93] 96 127 131] 133 (137

Y | Zr |[Nb|Mo I |Xe|Cs |Ba

39| 40 |41]| 42 53 | 54| 55 | 56

abizda || ailak) 1.6 | 2.16 2,66 | 2.60) 0.79 | 0.89

1391140| 141 |144| 145|150 152|157 (159 162.5|165|167| 169 |173|175|178.5|181|184 210 (222|223 | 226

La|Ce| Pr |[Nd|Pm|Sm| Eu|Gd|Tb| Dy |Ho| Er [Tm |Yb|Lu| Hf |Ta| W At |Rn| Fr | Ra

57|58 59 |60| 61|62 63| 64|65 66 |67|68|69 |70071( 72 |73]| 74 85| 86| 87 | 88

110112 1.13 | 1.14 - 1.17 = 1.20 = 1.22 1.23( 1.24| 1.25 i3 1.0 1.3 1.5 1.7 2.2 - 0.7 0.9
227|232| 231 |238| 237 | 244

AciTh(Pal U INp|Pu|am|cm|Bk| cf |Es|Fm|Md|No|Lr| RF |Db|sg Ts | og

89|90| 91| 92| 93| 94
11 | 1.3 1.5 il 1.3 1.3

Victor Goldschmidt Geochemical Classification
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1 IUPAC Periodic Table of the Elements 18

1 2
H He
hydrogen helium
[1.0078, 1.0062] 2 Key: 13 14 15 16 17 o
3 4 atomic number 5 6 7 8 9 10
Li Be Symbol B C N (0 F Ne
lithium beryllium name boron carbon nitrogen axygen fluorine neon
£0e cavmnionl atanic weight 0 1201 w7 1.9%
[8.938, 6.997] 9.0122 standard tamic weight [10.806, 10.821] | [12.009, 12012] | [14.006, 14.008] | [15.999, 16.000) 18998 20180
" 12 13 14 15 16 17 18
Na Mg Al Si P S Cl Ar
sodium magnesium aluminium silicon phosphorus sulfur chlorine argon
@m0 |pawps2e07 3 4 5 6 7 8 9 10 " 12 2892 |pacsszaces| soers  |p2oss.d207e) | psas ssasy|  msa
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti Vv 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 germmanium arsenic selenium bromine krypton
39.008 40.078(4) 44956 47.887 50842 51.996 54938 55.845(2) 58.933 58693 63.546(3) 65.38(2) 69.723 72.630(8) 749022 78.971(8) [7&9;:?9.907] 83.798(2)
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr  § Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
rubidium stronfum yttrium zirconium niobium molybdenum | fechnetium ruthenium rhodium palladium silver cadmium indium tin anfmony tellurium iodine xenon
85.488 &7 82 88.906 91.2242) 92906 9595 101.07(2) 10291 10642 10787 112.41 nam 18.71 12176 127 60(3) 126.90 13129
55 56 57-711 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs | Ba |opoue| Hf | Ta | W | Re | Os | Ir Pt | Au | Hg | TI | Pb | Bi | Po | At | Rn
caesium barium hafnium tantalum tungsten rhenium osmium indium platnum gold mercury thaliium lead bismuth polonium astatine radon
aE
13291 13733 178.49(2) 18095 183.84 18621 190.23(3) 19222 19508 196.97 200.58 [20438,204 39 2072 208.98
87 88 104 105 106 107 108 109 110 11 112 13 114 115 116 117 118
Fr Ra Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Mc Lv Ts Og
francium radium rutherfordium | dubnium seaborgium bohrium hassium meitnefium | damstadtium | roenigenium | copemicium nihonium flerovium moscovium | livermorium tennessine oganesson
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
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