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Chapter 4 : Periodic classification
of elements
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.. To all of the elements for a happy birthday
to Dmitri Mendeleev, whose 1869 version of
the periodic table helped us order and
understand our world.
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?2=45 Ce=92
?Er=56 La=9%4
2Yt=60  Di=95
?2In=75, Th=118?

1. MenngeabeBnb

Mendeleev's 1869 periodic table: An

experiment on a system of elements.
Based on their atomic weights and
chemical similarities.


https://en.wikipedia.org/wiki/Mendeleev
https://en.wikipedia.org/wiki/Periodic_table
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Le tableau périodique de Mendeleiev (1869)




Introduction

XIX century: by means of
observations, chemists have tried to find analogies
and relations among the chemical species (about
60 had been discovered up to that moment) with
the aim of classifying and grouping them in
‘families’, based on their chemical properties.

The first classification was proposed by
Mendeleev. It was based on increasing atomic
mass (the laws dictating the electronic distribution
around the nucleus, i.e., the electronic structure of
atoms, was yet unknown)

Nowadays the elements
increasing atomic number, Z.

are arranged by

A chemical element is a pure chemical
substance consisting of one type of atom.

« 118 elements have been identified.

* 94 occur naturally on Earth.

* 24 are artificial.

« 80 of them are stable,

are radioactive.

while the others 38

experlmental Evolution de la decouverte des éléments chimiques

Ssoots | 155015%
Antimoine Azote Aluyminium Actinium
Argent Béryllium Baryum Argon
Arsenic Bismuth Bore Cesium
Carbone Chlore Brome Dysprosium
Cuivre Chrome Cadmium Gadolinium
Etain Cobalt Calcium Gallitnm
Fer Fluor Cérium Germarnium
Mercure Hydrogéne Erbium Hélium
Or Manganése Iode Holmium
Phosphore Molybdéne Lanthane Indium
Plomb Nickel Iridium Krypton
Soufre Oxygéne Lithium Néodyme

Platine Magnésium Néon
Strontium Niobium Polonium
Tellure Osmium Praséodyme
Titane Palladium Radium
Tungsténe Potassium Fhodium
Uranium Rubidium Ruthénium
Yitrium Sélénium Samaritim
Zine Silicium Scandium
Zirconitim Sodium Thallium
Tantale Thulitm
Thotium Xénon
Vanadium Yterbium
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1 - Modern periodic classification — relation with electronic configuration

Periodic table:

¢

Periodic Table of the Elements F/\‘Q Or
AN LABS

atomic atomic

1 10 numberl l’ weight alkali metals —
H alkaline earth metals He
14 2809
Hydrogen - e Helium
7] 694[ a01 SI ~-— symbol: transitional metals T 108i|g  1201]7  1401|g  15@m|g  189%|{() 018
& Sl black solid
Li |Be e S o other metals B| C|N|O| F |Ne
Lithium Beryllium red gas Boron Carbon Nitrogen Oxygen Fluorine Neon
11 29.12 243 name whif® synthetically nonmetals 13 69| 15 3097|116  3206)77 3545018 3995

4 2809
N a M g ﬁr:'ii:iiw noble gases AI Si P S CI Ar

Sodium Magnesium Aluminum Silicon Phosphorus Sulfur Chlorine Argon

19 :0f20 400827 w22 4w[p3  s0o4[p4  siees[25  sdea[pg  sees[p7  sews[pg  seiopQ  esss|30  esar|3]  eed2|32 725933 49|34 7e%s[35  990[35 edw0

K|Ca | Sc|Ti | V| Cr/MnFe|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

97 47|38 w6239 weo|g4Q 92|47 wo1[4p %9443 @44 007|45 1029145 10ed0]47 worer|4g e |49 mas|pg nsee|5) 1275|652  12n60f53  12680[54 13130

Rb|Sr| Y |Zr [Nb Mo|c |Ru{Rh|Pd|Ag(Cd|In|Sn|(Sb|Te| | | Xe

Rubidium Strontium Yttrium Zirconium Niobium | Molybdenum | Technetium | Ruthenium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium ladine Xenon

05 128156 1373357 13so1|7p 1rase|73 1wes|74 1e3as|75  1es21|75 10.20|77 1oe2z|7g 1es00|79 1ear|gy o0s0|g] 20437|g2 w719[g3 esa|ga  (oal|gs  (Riok|g (222

Cs|Ba/lLa> Hf [ Ta| W |[Re|Os| Ir | Pt |[Au(Hg| Tl |Pb| Bi | Po| At | BRn

Cesium Barium Lanthanum Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
a7 (223)] 88 22603|9Q 2703|104 (61105 (@61|106 (2661107 @62 |108 (680100 (66110 @111 @y|112 @7 114 (285) 116 (28] 118 (293)
Fr [Ra| Ack R |[Ha | Sg | Bh | [Hs | Mt 13 ) )
Francium Radium Actinium  [Rutherfordium| Hahnium | Seaborgium Bohrium Hassium Meitnerium

5g 14012[ng w081[g0 14241 %) |pp 10.0[g3 151964  157.25|ph 15693 6 16250] 67  16A93|pg  16726]GQ 1688370 1I304[77 17497

Ce | Pr Nd|Pm Sm|Eu|Gd| Tb| Dy Ho| Er |Tm| Yb| Lu

Cerium Praseodymium| Neodymium | Promethium | Samarium Europium | Gadelinium Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium

o) 2204[g] »104[gy 2803|g3 2m05[gq 44|95 (4)|gs @M[g7 @m|ogg Gi|gg  @2[10p0 @107 @102 @@|1p3 @62

Th|Pa| U |Np|Pu|Am|Cm|Bk| Cf | Es|Fm|Md| No| Lr

Thorium Protactinium Uranium Neptunium Plutonium Americium Curium Berkelium Californium | Einsteinium Fermium  |Mendelevium| Mobelium | Lawrencium

Copyright © 2009 Oxford Labs



1 - Modern periodic classification — relation with electronic configuration

Periodic table:Version 2017

2

3

»

/7 8 9 10 11 12 13 14 15 16

Pnictogens Chalcogens| Halogénes

17

18

1 Atomique 2
H Sym i - =] -me - - 273 | He
A C | Solide [ Métaux || = [Non-métaux) ne
1,008 |Masse Z 2= Lanthanides| § = |3 D| 2| Z ) 4.0026
3 4 Hg| Liquide 32 52 23 2|§ R 5 6 7 8 g 10
Li Be <l 3g =c oz 8|3 o B C N o F Ne
Lithium  (Beryllium Hlc = [ = o @ Bore Carbone |Azote Oxygéne |Fluor Neon
5,94 9,0122 az oll@ Actinides = o o [0 10,81 12,011 |14,007 15,999 [18.998 |20.180
11 12 o3 = £ 13 14 15 16 17 18
Na |Mg Rf| Inconnu 3| < = Al Si P S Cl Ar
Sodium  |Magnesium — — Aluminium | Silicium Soufre Chlore Argon
22990 24 305 26,982 25,085 30,974 32,06 35,45 39.948
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| Titane “anadium |Chrome  |Manganése|Fer Cobalt Mickel Cuivre Zinc Gallium  |Gemanium |Arsenic  |S&lénium |Brome Krypton
39.098 40,078 44 956 AT BBT 50,942 51,996 54,938 55,845 58,933 55,693 63, 546 65 38 69 723 72630 74,922 758,97 79,904 83,798
37 38 39 40 41 42 43 44 45 46 47 45 49 50 51 52 53 54
Rb |Sr Y Zr Nb Mo Tc Ru Rh |Pd Ag Cd |In Sn Sb Te I Xe
Rubidium |Strontium [Yitrium  |Zirconium |Niobium |Molybdene |Technélium |Rutheénium [Rhodium |Palladium [Argent  |Cadmium |Indium  |Etain Antimoine | Tellure lode Xenon
85,468 a7.62 55 906 91,224 92 906 95,95 (98) 101,07 102,91 106,42 107,87 1241 114,82 118,71 121,76 127 60 126,90 131,29
55 a6 72 73 74 75 76 77 78 79 a0 a1 a2 83 84 a5 a6
Cs [Ba s7-71/Hf Ta W Re Os Ir Pt |Au Hg [TI Pb Bi Po At Rn
Césium  |Baryum Hafnium |Tantale | Tungst Rhénium |Osmium |Iridium  |Platine  |Or Mefcure |Thallium |Plomb  |[Bismuth |Polonium |Astate  |Radon
132 91 137,33 175,49 150,95 153,84 186,21 190,23 19222 195,06 196,97 200,59 204,36 |207.2 208,95 (209) (210) (222)
a7 88 104 105 106 107 108 109 110 N M2 M3 114 115 16 "7 18
Fr Ra so-103JRf Db |S Bh Hs Mt Ds [Rg [Cn |Nh |FI Mc |Lv [(Ts |Og
Francium |Radium Rutherfordiu| Dubnium gium|Bohrium  |Hassium  |Meingium | Damstadiu | Roentgeniur | Copemiciu |Ninonium |Flerovium |[Moscovium | Livemmoriu | Tennessine | Cx
(223) (226) (267) (268) (269) (270) (277) (278) (281) (282) (285) (286) (289) (290) (293) (294) (294)
Les masses atomiques entre parenthéses sont celles de l'isotope le plus stable ou le plus commun.
Michael Dayah
57 58 59 60 61 62 63 64 65 66 5? 68 69 70 71
La Ce Pr Nd Pm Sm [Eu Gd (Tb Dy Ho Er Tm |Yb |Lu
Lanthane |Cérium : Néodyme |Promethium|Samarum  |Europium |Gadoiinium |Terbium Dy ium |Holmium |(Erbium  [Thulium  [Ytterbium |Lutécium
138,91 14012 140 .91 144 24 (145) 15036 151,96 167 25 153,93 162,50 164,93 167 26 168 93 173,05 17497
89 90 91 g2 93 94 95 96 a7 93 99 100 101 102 103
Th Pa U Np Pu Am Cm Bk Fm No
Thorium | Proiacinium|Uranium Plutonium =1 i Berkelium Fermium Nobelium
232 04 231,04 23803 244 247 267 259




1 - Modern periodic classification — relation with electronic configuration

Periodic Table of the Elements

1 18
: Groups —
H ‘_,-htomic number He
) 2 H_;,..-Symbol 13 14 15 16 17 | ==
Li a Be-t m:-—hlame ) 7 8 5‘: N m‘
urbn == ‘._“""‘-Atomic weight . .me
£ m Sﬂlﬂﬂu 111111 = %?“
o» Na Mg Ar
'c ZLEESTEEIE %m 3 4 ;slgﬂ‘;s oy ;;Tco-a
0 EX 2y =y = aa:
9 Ca|Sc| Ti Ga As Kr
L .
m E!.CS&E‘E’ umau d"—'ﬁiﬁ"; IFEFu 51,9951 #EWE 5"— !9!3155 E!.SEM Bi54E EE403 + E3723 32 61: X
554573“ £752 - BS.!JEEZT 51.224 ! 5554 :|1.T lZ!J:SJ 1072852 112411 114.!1! 115710 ITE:I 12650447
|—25:|545|:? 13737 = |;ﬂﬂ.}5¢; T 18384 |as.:m 3 152217 IEECGJ 1*.*E§E E:I:!"! m;!!:“ l‘:l"! M *D;Cla 11?
Fr Ra Ac| Rf

www.BioSite.dk
Lanthanide series| C¢ | Pr | Nd | Pm|sm| Eu Gd Tb Dy Ho| Er | Tm|Yb|Lu

Frazzndymium Hscdymrium Promethium Samafum | Suroolum | Gasolnium Haimium
401E 140 SI7ES 144.242 [143 HE0.35 151964 15721 1=B‘30555 |sz.5::| 154.33032 rzss 153534:1 173m | ser

Actinide series | Th'| Pa| U" Np| Pu|Am/Cm BK Cf|Es | Fm|/Md No Lr

ni Ul Kesturius Flatonius Betelur Callfornium Elnst=inium um e mium MNobeiiu Lasencium
2370080 2303588 235mesi =7 [244] I3=3] 124?1 1247] =] =] = 12=g] o =] 221009

4 blocks of elements are determined according to the nature
, P, d, ) of the layer being filled.



1 - Modern periodic classification — relation with electronic configuration

s-hln::li .
1 p-block 1
*15I 2 13 14 15 16 17 |15

-l
I d-block P -
+<35>3 4 5 § 7 B 9 W U LRFE———3P—
- g 3d » 4p -
e -t dd >l 5,('.'-' -
— H5—=|= 5d - E,ﬂ—-—l-
- ] gl 6bd | .?p -

f-block

B af

- Sf :|

4 blocks of elements are determined according to the nature
(s, p, d, f) of the layer being filled.

10



1 - Modern periodic classification — relation with electronic configuration

.1 . direct and Electronic levels
Periodic table organization systematic 110
filling order
correspondence

Base rule: return to first column every time a new layer is started

: 2

Are ordered from left to right according

to increasing atomic number Z

Elements in the . PERIOD —

SAIE TOW Have their peripheric electrons in the

same layer

Elements in the  FAMILY Have an identical elecfcronic configuration

same column — in the external layer,
Or group

Same number of valence electrons

11




1 - Modern periodic classification — relation with electronic configuration

The s block:

Composed by elements with

A 4,003
electronic structure of the form: ns* s H
3HYdmg‘:l94 4 90 (x ) 1 Ou 2) 5 10.81]6 12017 140119 1558]qg 18,508 '|[]He"u::;.1a
Li | Be B/ C|N|O| F|Ne
Lithium Beryllium Boron Carbon Nitrogen Oxygen Fluorine Neon
12 2431 1 _ .. 2 _ ° 1% 2698 (14 i&m 15 3097 (16 3208017 3545118 39.95
n s! = Alcali; n s> = Alcalins earths Allsil Pl s !|calAr
<= Aluminum Silicon Phosphorus Sulfur Chlerine Argon
4496197 4790 (23 5094124 199625 5494126 55.85| 27 5893 |78 5870129 63.551 30 65.37 {3 6372 (32 7249133 7492 (34 7896 | 35 7990136 83.80
c|Ti|V|Cr MnlFe|Co|Ni | Cu|Zn|Ga|Ge|As|Se| Br | Kr
Potassium Calcium S andium Titanium WVanadium Chromium | Manganese Iron Cobalt Nicke! Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
37 85.47 (38 B1.62 | 3¢ 891140 9122 | 41 Q9|42 89443 98|44 07|45 029145 0640|147 077|483 MM |49 T4B2|5() T1M8E9|51 12175(57 12760\ 53 1280|564 13130
Rb| Sr|/Y |Zr Nb/Mo| e |Ru|Rh|Pd|Ag|Cd|In |Sn|(Sb | Te| | | Xe
Rubidium Strontium terium Zirconium Niobium | Molybdenum | Technetium | Ruthenium Rhedium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
55 13291\ 13133 |4 13801|72 1784973 18095|74 18385\ 7hH 18B21|7H 1902077 19222 |7@ 19508|7Q 19697 |f() 20059187 20437|82 0719|83 2089384 (209)| 85 210}| 86 222}
Cs|Ba|lay Hf [ Ta|W [Re|Os| Ir | Pt |/Au{Hg| Tl |Pb| Bi | Po| At | Rn
Cesium Barium anthanum Hafnium Tantalum Tungsten Rhenium Osmium |ridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
87 (223) 188 22608900 2703|104 (261))7105 (e |06 (6|07 @s2|108 (2680100 (268|170 (T|1711 @112 @0 114 (288 116 (28) 118 (23)
Fr | Ra| Acy R | [a Bh | Fs | Mt a3 ) an)
Actinium  |Rutherfordium|  Hahnium | Seaborgium Bohrium Hassium Meitnerium
[g wWoaZ|pg 10| gp 14/ (45} |2 15040| g3 151.96|p4 157.25|pH 15883 |gpE  16250|G7 16493 |pQ  167.26|QQ  16BO3 |7 1730471 17497
Ce| Pr|Nd| Pm|Sm|Eu|Gd| Tb Ho| Er |Tm| Yb | Lu
Cerium Praseodymium| Neodymium | Promethium | Samarium Europium | Gadolinium Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
Q) 23104|Q91 3.04|gp 3B03|Q3 23705 )g4 244) 1 g5 243)| 96 (2197 (247111 98 251 | 99 28211100 @n|101 (@60 |102 (@259]103 (262
Th|{Pa| U [Np|Pu|Am|Cn|Bk| Cf | Es |Fn|Md|No| Lr
Thorium Protactinium | Uranium Neptunium Plutonium Americium Curium Berkelium | Californium | Einsteinium Fermium  |Mendelevium| Mobelium | Lawrencium

Copyright & 2009 Oxford Labs
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1 - Modern periodic classification — relation with electronic configuration

Periodic The p block:
— Composed by elements with
H electronic structure of the form: ns?

Hydrogen
3 6.94

L | Be np* (x =1 to 6)

Lithium Beryllium |

11 aw[1z 23

Na Mg ns? np® = rare gases 3p
Sodium Magnesium ————

19 :0f20 40027 #w[pp  ow[p3 09424 sise[pn  saoa[pp  ssal ng

KICa|Sc|Ti | V|Cr MnH Fe|Co| Nifl]

Potassium Calcium Scandium Titanium WVanadium Chromium | Manganese Iron Cobalt Nicke!

37 41|38 wef39 wmei|4) 9izz{4] @4 ®sa[43 ©|44 0107|45 10291[46 106404

Rb| Sr| Y | Zr [Nb|Mo| T | Ru| Rh | Pd 5P

Rubidium Strontium Yetrium Zirconium Niobium | Molybdenum | Technetium | Ruthenium Rhedium Palladium
05 18291|6G 13733| L7 13891|72  17849) 77 8095|774 1885|7518 |Fp 1902077 1922|789 19809|7

Cs|Ba| La» Hf | Ta| W | Re| Os| Ir | Pt 6pg

Carbon Oxygen
1% 2698 (14 2808015 3097 (16 3208017 3545118 39.95

Al | Si| P|S|Cl|Ar

Aluminum Silicon Phosphorus Sulfur Chlerine Argon
37[31  waz[32 72|33 74934 ess[35  9w[3p e

Ga| Ge|As|Se | Br | Kr

Gallium Germanium Arsenic Selenium Bromine Krypton

Nitrogen Fluorine

49 mae|gg neee|5] 27s[52 126053 1ew0]54 13130

In|Sn|({Sb|Te| | | Xe

Indium Tin Antimony Tellurium lodine Xenon

37|g2 w710|g3 e08oe|g4  (o9}|g5  (ioy|gg  (22)

Pb| Bi | Po| At | Rn

Lead Bismuth Polenium Astatine Radon

4 @) 116 @@
(115)

Cesium Barium Lanthanum Hafnium Tantalum Tungsten Rhenium Osmium |ridium Platinum

g7 ()|gg wo3fgg 22r03|104 (60]105 Ge2|106 e6)|107 fe2|108 @&5)|109 e |11p ()

Fr |Ra| Acy R |Fla | Sg | Bh| [Hs | Mt

Francium Radium Actinium  |Rutherfordium|  Hahnium | Seaborgium Bohrium Hassium Meitnerium

(277)

—
o

(117)

53 #012[ng M91[gp 1Had[p]  04)[p2  1:090]G3 15196|p4 15725 g5 15093 16240| g7 16493 gg  167.26]GQ 1689 71 1749

Ce| Pr [Nd|Pm|Sm|Eu|Gd| Tb Dy |Ho| Er |Tm| Yb | Lu

Cerium Praseodymium| Neodymium | Promethium | Samarium Europium | Gadolinium Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium

o) 204(g] 21049y 23003[g3 230s|gq  (#|o5 @|og M[ogy @M|gg @sn]|gg  @a|1pp0 @D[101 0|70z @9]q03 @82

Th|Pa| U |Np|Pu|Am| Cm|Bk| Cf | Es | Fm|Md| No| Lr

Thorium Protactinium Uranium Neptunium Plutonium Americium Curium Berkelium | Californium | Einsteinium Fermium |Mendelevium| Mobelium | Lawrencium

Copyright & 2009 Oxford Labs
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1 - Modern periodic classification — relation with electronic configuration

The d block:
Periodic| Composed by elements with electronic structure of the

— form: ns? (n-1)d* (x=1 to 10) B
H Appears fromn=3: 1=0 (s), He

Helium

7 4008

Hydrogen
3 694 4 901 -_ ( ) 98110 2018
Li |Be S Ne
Lithium Beryllium 1 - 2 (d) 9 m - _2,_110,1,2 Neon
1 22992 2431 T 't’ 1 t 4118 39.95
Na Mg ransition eiements Ar
pm Aluminum Silicon Phosphorus Sulfur Chlerine Arg
ﬁ 08| 21 4496197 4790 996 | 25 5494126 55.85 5870129 63.551 30 65.37 {3 6372 (32 7249133 7492 (34 7896 | 35 7990136 83.80
3d Sc V |Cr Mn| Fe |Co | Ni Zn | Ga | Ge|As|Se | Br| Kr
Pof h Sca Titanium WVanadium Chromium | Mang Iron Cobalt Nicke! Copper Zinc Gallium Germanium Arsenic Selenium Bromi Krypton
ﬁ .62 891140 9122 | 41 Q9|42 89443 98} |44 07|45 02914 0640147 0787 | 4 11241149 1482 |h5) 1863 |57 12175) 5P 12760\ K3 12680(H4 13130
14d /Y | zr \Nb|Mo| Tc | Ru|Rn|Pd|Ag| Ct| In [Sn|Sb| Te| I | Xe
Ryl Yetrium Zirconium Niobium | Molybdenum | Technetium | Ruthenium Rhedium Palladium Silver Cadmiu Indium Tin Antimony Tellurium lodine Xenon
E 33| K7 13B91|72 1784973 18085|74 18385|7H 18B21|FH 1902077 192.22|78 19508|7Q 19697 |50 20098187 20437|82 0719|183 2089384 (209)| 85 210}| 86 222}
[

(5d \ Las Hf | Ta| W [Re|[Os| Ir | Pt |Au|Hg/| TI | Pb| Bi | Po| At | Rn
d nthanum Hafnium Tantalum Tungsten Rhenium Osmium |ridium Platinum Gold M Ty Thallium Lead Bismuth Polonium Astatine Radon
ﬁ ﬁg 703|104 (60105 @e2|106 (266|707 @62]108 (2681|109 @& |1710 (U111 @2 (277) 114 (288 116 (289) 118 (23)

6d || ASNE | Ha | Sg | Bh| Hs | Mt s 9 am
j Actinium  |Rutherfordi ium | Seaborgium Bohrium Hassium Meitnerium

Sc z=21  1s?, 2s?, 2p", 352, 3p°, 457, 3d!
Ti z=22 157,257, 2p°, 352, 3p°, 452, 3d?
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1 - Modern periodic classification — relation with electronic configuration

atomic |y e W ]

1 101 numberl The 7] 4003
H M . . H
E Composed by elements with electronic
i 6.94| 4 901 W 3 158991 g 18868 (10 2078

Li | Be : structure of the form: O | F |Ne
Lithium Beryllium Oxygen Fluorine Neon
11 2®m|12 243 . Appears from n=4: 16 3206|1717 3545]18 3995
Na Mg 1=0 (S) S|Cl|Ar
Sodium Magnesium Sulfur Chlorine Argon
19 39100 20 40081 21 4496 27 47 1 _ 1 34 7896 | 35 1990136 B3.80
K |[Ca|Sc|Ti =1(p) Se | Br | Kr
Potassium Calcium Scandium Titanium 1 —_ 2 (d) Selenium Bromine Krypton
37 85.47 | 38 816230 88.91 1 40 a1.. h? 121E0|H3 1269054 13130
Rb|Sr| Y |Zr 1=3(f)> m=-3,-2-1,0,1,23 |Te| | [Xe
Rubidium Strontium Yttrium Zirconium Tellurium lodine Xenon
55 13291|5fF 18733| 57 1389172 178 84 (281 85 210 86 (222)
Cs |Ba| La» Hf Po| At | Rn
Cesium Barium Lanthanum Hafnium Polonium Astatine Radon
a7 (223)] 88 22603|9Q 2703|104 (24 116 (28] 118 (293)

Fr [Ra| Ack R |[Ha | Sg | Bh | [Hs | Mt 13 ) )
Francium Radium Actinium  |Rutherfordium|  Hahnium | Seaborgium Bohrium Hassium Meitnerium
] 140.12|59 ‘!40.91|ﬁn 144 “':'_ W ne ARl 15198 g4 12| [ 18I ghR  Teidygny o TEDemlil ) 16&93'70 304|771 17497
Af [C=Pr|Nd|Pm|/Sm|Eu|Gd|Tb|Dy|Ho| Er Tm| Vo Lu
Cerium Praseodymium| Neodymium | Prome! thium | Samarium Europium | Gadelinium Terbium Dysprosium Holmium Erbium Thulium Ytterbium LuteSygn
gQp 23204|Q7 31.04|Qgp 23803|Q3 2370504 2441 g5 (2431 9f 2|97 2411 98 (25199 @2 100 250101 (@0 |102 (259103 {2?
5f Th|Pa| U |Np|Pu|Am| Cm| Bk | Ci | Es |[Fmn| Md| Nalt
Thorium [ diaium Uranium Neptunium Plutonium Americium Curium Berkelium Californium | Einsteinium Fermium  |Mendeleuine st ool m | Lawrencium

Copyright © 2009 Oxford Labs

14 columns should be included between columns 3 and 4:

Z =58 (Ce : Cerium) to Z=71 (Lu : Lutetium) : lanthanides
Z =90 (Th : Thorium) to z=103 (Lawrencium) : actinides 15




1 - Modern periodic classification — relation with electronic configuration

Group — 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

) Period
1 2
L | H He
; 3 4 5 6 7 8 9 || 10
Li || Be B c|I Nl of F |l ne
3 (11 12 13 |[ 14 || 15 |[ 26 ][ 17 || 18
Na || Mg | T s || all ar
s | 19][20][21 ][22 23|24 |25 26 |[ 27 |[ 28 || 29 || 30 || 31 |[ 32 |[ 33 |[ 34 | 35 || 36
K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
s |37 3839 40 |f 41|42 43| 44 || a5 |[ 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
s 55 56 72 73|74 | 75| 76 |[ 77 || 78 || 79 |[ 80 |[ 81 || 82 |[ 83 || 84 || 85 |[ 86
Cs || Ba HE || Ta || w || Re || Os || Ir || Pt || Au |[ Hg || T || Pb || Bi || Po || At || Rn
; [87] 8 104 |[ 105 |[ 106 |[ 107 |[ 108 |[ 109 |[ 110 |[ 122 |[ 122 ][ 1213 ][ 124 |[ 115 ][ 116 |[ 127 |[ 118
Fr Ra Rf Db Sg Bh Hs Mt Ds Rg Cn || Uut FI ||Uup (| Lv || Uus || Uuo
Lanthanid 57 [ 58 |[50 ][ 6061|621 63]]64]65] 661 67| 68][ 69 | 70 |[ 71
anthanides | o [ ce || pr || Nd |[Pm || sm || Eu || Gd || To || Dy || Ho || Er || Tm || Yb || Lu
.. 89 [0 |[or][o2][93|[oa][o5 ][ 96|97 ] 98 |[ 99 |[100][101][102][103
Actinides | c o Il pa |l U || mp || Pu |l am ([ em | Bk || cf || Es || Em || md || o || Lr

4t
ot

10



1 - Modern periodic classification — relation with electronic configuration

Lanthanum, 5;La

General properties
Pronunciation I leznBansm/
Appearance silvery white

Standard atomic  138.905 47(7)["]

weight (A;)

Lanthanum in the periodic table

k‘l— E—y -

barium « lanthanum — cerium
Atomic number (Z) 57
Group, period group 3, period 6
Block d-block

Element category [J lanthanide, sometimes
considered a transition metal

Electron [Xe] 5d7 Bs?
configuration
Electrons pershell 2, 8,18, 18,9, 2

Cerium, 53Ce

General properties

Pronunciation [ s1ariam/
Appearance silvery white
Standard atomic  140.116(1)l"]

weight (A;)

Cerium in the periodic table

O

lanthanum «— cerium — praseodymium
Atomic number (Z) 58
Group, period group n/a, period &
Block f-block
Element category []lanthanide
Electron [Xe] 4f' 5d" B2l
configuration

Electrons per shell 2, 8 18,19, 9, 2

Ce
Th

Praseodymium, soPr

General properties

Pronunciation Iprerzi-a dimism/"!
pray-zee-s-DIM-es-am
Appearance grayish white

Standard atomic 140.907 66(2)

weight (A,)

Praseodymium in the periodic table

i
0 Pa
cerium — praseodymium — neodymium
Atomic number (Z) 59

Group, period group n/a, period 6

Block f-block
Element category [ lanthanide
Electron [Xe] 4 g2
configuration

Electrons per shell 2,8,18,21, 8,2




1 - Modern periodic classification — relation with electronic configuration

Why 15 lanthanide elements?

5d and 4f subshells are very close in energy

Chemic

al La Ce Pr Nd

element

Atomic |, |5g 59 60
number

Atomic
electron
— 5d
configur

ation*

4f15d' 4f3 4f4

Exception to the rule

4f> 46 4f7 4f75d' 4f°

4f10

4f11

68

4f12

69

4f13

Yb Lu
70 71
414 4F145("

18


https://en.wikipedia.org/wiki/Chemical_element
https://en.wikipedia.org/wiki/Lanthanum
https://en.wikipedia.org/wiki/Cerium
https://en.wikipedia.org/wiki/Praseodymium
https://en.wikipedia.org/wiki/Neodymium
https://en.wikipedia.org/wiki/Promethium
https://en.wikipedia.org/wiki/Samarium
https://en.wikipedia.org/wiki/Europium
https://en.wikipedia.org/wiki/Gadolinium
https://en.wikipedia.org/wiki/Terbium
https://en.wikipedia.org/wiki/Dysprosium
https://en.wikipedia.org/wiki/Holmium
https://en.wikipedia.org/wiki/Erbium
https://en.wikipedia.org/wiki/Thulium
https://en.wikipedia.org/wiki/Ytterbium
https://en.wikipedia.org/wiki/Lutetium
https://en.wikipedia.org/wiki/Atomic_number
https://en.wikipedia.org/wiki/Electron_configuration

Metals

2 - Metals and nonmetals

Periodic Table of the Elements

e elye

classification
_They are in general solids (NCTD, except Hg)
_ Conductors
_ Cation donors

Copyright & 2009 Oxfor

_ They occupy the center and left wing (except for the H) of the perio

LD T LABS
1 - ra]b%nt;grl l_ \amt;rgﬂlﬁ alkali metals V 2 0B
H o alkaline earth metals He
Hydragen . Helium
3 501[ 4 oo SI ~— symbol: transitional metals 5 wei|g  1z01]7  1a0i[g  bem|g  18%e|q]g 018
Li |Be “bloe. o other metals B|C|N|[O| F|Ne
Lithium Beryllium red gas Baron Carbon Nitrogen Oxygen Fluorine Neon
] FPEE - white synthetically nonmetals 13 69|14 2803|15 309716 3206|717 3545]1g 399
prepare: .
Na|Mg Al|Si|P|S|Cl|Ar
Sodium Magnesium Aluminum Silicon Phosphorus Sulfur Chlorine Argon
19 30]p0 oos|21 w2 41|23 004[24 s16[25  s404[pf  sass[p7  s893] 28 5a70[2Q 6355|3067 |3] 627232 7259|33 7402[34 7896[35 790|330
K|Ca|Sc|Ti|V |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
37 41|38 @eef3g9 eeor|4p  onz[4]  wo1[47 w43 ©8)|44 10107[45 10291[46 10e40[47 orerfag nzn]4g  1dez|5g nees]|571 1217552 127.60]53 12690]54 13130
Ro|Sr| Y |Zr [ Nb/Mo|lc|Ru|Rh|Pd|/Ag|(Cd|In |Sn|Sb|Te | | | Xe
Rubidium Strontium Yetrium Zirconium Niobium | Molybdenum | Technetium | Ruthenium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
55 1201|66 1L3E[57 1mee|7p ves|73 1e095[74 1838575 18e21|7g 1o020[77 1922278 19s09[7Q 19697[gp z050]|g] 20437|g2 w0719]g3 2898|ga  ()|g5  @w0)|gs (22
Cs(Ba|lLa» Hf |[Ta| W |[Re|Os| Ir | Pt Au/Hg| Tl |Pb| Bi | Po| At | Rn
Cesium Barium Lanthanum Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
g7 (3)|gg 2o3fgg 2703|104 en[105 @ea[106 (esl|107 2108 @e|109 @e[110 @nf111 @af112 @ 114 (288 116 (289) 118 (293)
Fr | Ra | Acy R | [Fa Bh| s | Mt a1 1) 1)
Francium Radium Actinivm  |Rutherfordium|  Hahnium | Seaborgium | Bohrium Hassium Meitnerium
[g 1403z|pg 14091 50 1442461 {145) f2 150401G3 181964 18725\ pE5 15883 | gp 1625067  16493| Qg  16726|gQ 1689370 7304|771 17497
Ce | Pr [Nd |Pm|Sm| Eu | Gd| Tb Ho| Er [Tm| Yb| Lu
Cerium  |Praseodymium| Neodymium | Promethium | Samarium Europium | Gadolinium Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
g) 3204[g7 2104[gp e03[Q3 23705[gq (49|95  (2#l[gg 4M[g7 an|gg  @sufgg  @2[qp0 @0f101 @@]qp7 @103 @82
Th|{Pa| U [Np|Pu|Am Cn| Bk| Cf | Es|Fm|Md| No| Lr
Thorium Protactinium Uranium Neptunium Plutonium Americium Curium Berkelium | Californium | Einsteinium Fermium  JMendelevium] Nobelium | Lawrencium

dic

19




Nonmetals

2 - Metals and nonmetals

LA

rd

Periodic Table of the Elements /--‘sQ S
- - ?‘h%nl;gr l> ateolglrl](é alkali metals “ 2 40
H e alkaline earth metals He
Hydrogen u . Helium
2] 5944 901 SI ~—— symbol: transitional metals 5 08i]g 1z01]7  101]g  Bew|g  19w|1) 2018
Li |Be > o R other metals B|C|N F | Ne
Lithium Beryllium red gas Boron Carbon Nitrogen Oxygen Fluorine Neon
17 a®m|1z A fiakne whits synthetically nonmetals 13 5[4 #%|15 09|16 206517 55|15 8%
prepare:

Na Mg noble gases AllSi| P cl | Ar
Sodium Magnesium Aluminum Silicon Phosphorus Sulfur Chlorine Argon
10 0]|p0 08|21 #9%[p2 41®[p3 09[4 5196[p5 sa04[pg s585[p7 989328 6870[20 6ss5[30 6s37[3] €972[3) 7259|33  7492|34 i806[35 7990[3p ese0
KiCa|Sc|Ti |V | CrMn Fe | Co|Ni|CulZn|Ga|Ge|As|Se|Br|Kr
Potassium Calcium Scandium Titanium Vanadium Chromium | Manganese Iron Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
97 47|38 66|39 oeei[qp  ezz[47 @942  wsi[43 8|44 1010745 10291[46 10es0|47 orer[4g 12ar[4g mase|5g 18|57 1275|527 12780[53 12680]54 13130
Rb|Sr| Y |Zr Nb/Mo|Tc |Ru|Rh | Pd|Ag|Cd|In |Sn|Sb|Te | | |Xe
Rubidium Strontium Yttrium Zirconium Niobium | Molybdenum | Technetium | Ruthenium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
55 1320156 1313357 13891|72 1784073 18095|74 18385|75  18621|7G 10020|77 19222|7g 19509|7Q 1%97|gQ 20059[g] 20437|g2 07.19|g3 20898|g4 (09)[g5 @i0|ge (22

.
Cs/Ba|lax Hf [ Ta|W |Re|Os| Ir | Pt |/ Au/Hg| Tl |Pb| Bi | Po| At | Rn
Cesium Barium Lanthanum Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
g7 (23|88 2.08|gg 22703[104 (60[105 @62[106 @e)[107 @2[108 @3[109 @s8[110 @n[111 @212 @7 114 (285 116 (%9 118 (298)
Fr | Ra| Acy [ | [Ha Blh | [s | Mt o) fie) )
Francium Radium Actinium  [Rutherfordium] — Hahnium Seaborgium Bohrium Hassium Meitnerium
58 40a2|5g 091 gpQ 4424|657 (145) 62 15040|p3 15196 | g4 15725| gL 15893 | GE 16250 p7 16493 | 6g 167.26|1GQ 16893 |7() 17304| 71 17497
Ce | Pr |Nd|Pm|{Sm| Eu | Gd| Tb Ho| Er \Tm| Yb | Lu
Cerium y il Promethium | Samarium Europium Gadolinium Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
Q0 2204[g] 2104[gp 2:803|g3 23705[g4 (#4|g5  (431|gp (0|97 (]gg  @su[Qg  @sa[100 @N[101 @0]102 @9[103 2
Th|Pa| U (Np|Pu|Am Cm|Bk| Cf | Es |Fn|Md|No| Lr
Thorium | Protactinium | - Uranium Neptunium | Plutonium | Americium Curium Berkelium | Californium | Einsteinium | Fermium  |Mendelevi Nobelium | Lawrencium

Copyright © 2009 Oxford Labs

_ They occupy the upper right part of the periodic classification (except for

the noble gases)

_Solid or gas in NCPT (except Br)

_ Non-conductors
__Anion donors

20




2 - Metals and nonmetals
Is ‘X’ a metal or a nonmetal

Sanderson’s rule: D

An element is a METAL if the number of electrons (a) in the
highest layer is <= to the period number (n)

Examples

Al

a =3 (3 e- in the layer n=3)
n= 3 (3" period)

a=n

It is a metal!

Si

a =4 (4 e- in the layer n=3)
n =3 (37 period)

a>n

It is a nonmetal!
21



ELEMENTS OF A SMARTPHONE

ELEMENTS COLOUR KEY: @ ALKALI METAL @ ALKALINE EARTH METAL TRANSITION METAL @) GROUP 13 ) GROUP 14 @ GROUP1S @@ GROUP16 @ HALOGEN @ LANTHANIDE

SCREENO

Indium tin oxide is a mixture of
indium oxide and tin oxide, used
in a transparent film in the screen
that conducts electricity. This allows
the screen to function as a touch
sSCresen.

i
S'I The glass used on the majority of

smartphones is an aluminosilicate
glass, composed of a mix of alumina
(ALO,) and silica (SI0.). This glass
also contains potassium ions, which
help to strengthen it

Silicon

A variety of Rare Earth Element
compounds are used in small
quantities to produce the colours
In the smartphone’s screen. Some
compounds are also used to reduce
UV light penetration into the phone,

The majority of phones use lithium ion batteries,
which are composed of lithium cobalt oxide as a
positive electrode and graphite {carbon) as the
negative electrode. Some batteries use other
metals, such as manganese, in place of cobalt.
The battery’s casing is made of aluminium.

Copper is used for wiring in the
phone, whilst copper, gold and silver
are the major metals from which
microelectrical  components  are
fashicned. Tantalum is the major
component of micro-capacitors.

Mickel is used in the microphone as well
as for other electrical connections. Alloys
including the elements praseodymium,
gadolinium and neodymium are used
in the magnets in the speaker and
microphone. Neodymium, terbium and
dysprosium are used in the vibration unit.

Pure silicon is used to manufacture
the chip in the phane. It is oxidised
te preduce non-conducting regions,
then other elements are added in
order to allow the chip to conduct
electricity.

Tin & lead are used to solder
electronics in the phone. Newer lead-
free solders use a mix of tin, copper
and silver.

Magnesium compounds are alloyed to make
some phone cases, whilst many are made
of plastics. Plastics will also include flame
retardant compounds, some of which cantain
bromine, whilst nickel can be induded to
reduce electromagnetic interference.

OELECTRONICS

Br

Bramine
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