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COMPOSITION OF MATTER

¢ An atom is the smallest particle that has the chemical properties of that
element

¢ An element is a substance made up of one type of atom, all of which have
the same chemical properties

e Currently 118 elements are known

Chemical elements are mostly non-atomic in nature (they form
molecules from ONE type of atom)

Molecules are made up of more than one atom:

H,, N5, Cl,, O,, Fe, Au (Metals form crystals from one type of atom)

Molecules of Compounds
Molecules composed of more than one element (atoms of different

elements)

H,0, NHs, HCI, Fe,03 (Example of an iron ore as it occurs in nature)

More of that in unit 3!
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ATOMS

Atomic theory from John Dalton 1805:

1) All matter is made up of atoms

John Dalton,
1776-1844

ATOMS

Atomic theory from John Dalton 1805:

1) All matter is made up of atoms
2) All atoms of an element are the same

John Dalton,
1776-1844
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ATOMS

Atomic theory from John Dalton 1805:

1) All matter is made up of atoms
2) All atoms of an element are the same
3) Atoms of different elements have different masses

John Dalton,
1776-1844

ATOMS

Atomic theory from John Dalton 1805:

1) All matter is made up of atoms

2) All atoms of an element are the same

3) Atoms of different elements have different masses
)

4) A compound is a special combination of atoms from
different elements

John Dalton,
1776-1844
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ATOMS

Atomic theory from John Dalton 1805:

1) All matter is made up of atoms

N

) All atoms of an element are the same

) Atoms of different elements have different masses

) A compound is a special combination of atoms from
different elements

5) In a chemical reaction, atoms are neither created nor

destroyed, only rearranged to form new substances

w

o

John Dalton,
1776-1844

HOW IS AN ATOM CONSTRUCTED? (Chat in groups)

Sketch an atomic structure on the concept board

https://app.conceptboard.com/board/gxdu-pyip-gpxe-2ouu-cb6x
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ATOMIC STRUCTURE

Meaning of the word atom:
 ,the indivisible” atopog/atomos

* not further divisible by chemical
means

mf.“)NTHNUN\ VERSITAT LEOBEN

Electron
shells

on/Neutron
.5 fm

Atom with atomic shells
d=1010m=1A

CAUTION:
Drawing is NOT to scale!!
Sizes range from fm (101> m) to nm (10°m)

ATOMIC STRUCTURE

= However, atoms are made up of
even smaller particles:

Nucleons

In the nucleus are
Determine the "type of element"

Protons

e Neutrons

In the electron shells are Py Electrons

Responsible for reactivity and bonding

mI.W‘fﬁ‘/NmNUM\ ERSITAT LEOBEN

Electron
shells

on/Neutron
5fm

Atom with atomic shells
d=10""m=1A
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Atomic Structure

The nucleus (number of protons) determines:

The type of element

The number of electrons,

The electron probability density (=orbitals)

The reactivity (acceptance and donation of electrons)

Atomic Structure

The electronic structure (electrons) of the atom determines:
* the properties of the elements (e.g.: Reactivity)
* the reactions that these atoms participate in

* the form/type of molecules that make up these elements
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DISCOVERY OF THE NUCLEUS STRUCTURE

(Experiments by Ernest Rutherford with his
students Hans Geiger and Ernest Marsden .
around 1910) Gold

1 in
20,000

« particles

PROTON/NEUTRON/ELECTRON PROPERTIES

| ) ) Mass
Carrier of the negative charge
Mass [g| Atomic mass? Chargeb
my [Da]
Electron 9.109535 - 1028| 0.0005485803 -1
1.672649 - 10 1.007276 +1
Neutron 1.674954 - 104 1.008665 0

Carrier of the positive charge

2 Atomic mass unit

u=1.6605- 10% kg

bCharges in multiples of e = 1.602 - 10" C

Note:
Protons and neutrons are around ~ 1840 times heavier than an electron!
=> The mass of an atom is determined by the number of particles in its nucleus
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CLASSIFICATION OF THE CHEMICAL ELEMENTS

* The 'type' of the chemical element is determined by the number
of protons.

* The elements are arranged in order of increasing number of
protons

* This arrangement is shown in the periodic table of elements.

mMONTANUNI\/ERSITAT LEOBEN

THE PERIODIC TABLE OF THE ELEMENTS

Groups N

L G =

H 2 13 14 15 16 17

5]

Group numbers
S SO N /S SO S O B L (S L 1)

W

-

Period numbers
T
metals

Periods

(= o
T
Alkali
| |

~1

\ 4

mMONTANUNIVERSITAT LEOBEN




13.10.22

ARRANGEMENT OF THE ELEMENTS ACCORDING TO THE
NUMBER OF PROTONS

Groups -
1 e 18
Hl, 13 14 15 16 17
2
3 Group numbers
B4 S 6T s O TOSE 1IN, i
4 =

» There is a strong electrostatic interaction between electrons and protons

Period numbers

» Electrons are found
where electrostatic attraction and centrifugal force are equal

Periods

mMONTANUNIVERSITAT LEOBEN

ARRANGEMENT OF THE ELEMENTS ACCORDING TO THE
NUMBER OF PROTONS

Groups -
1 18
H
s 3 14 15 16 17|He
2
3 Group numbers
3 4 5 6 7 8 9 10 11 12

-

Period numbers
w
T
metals
1

Periods

~1

mMONTANUNIVERSITAT LEOBEN

10
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ARRANGEMENT OF THE ELEMENTS ACCORDING TO THE
NUMBER OF PROTONS

Groups -
1 e 18
H 13 14 15 16 17 Hg
2 (2)
3 roup numbers
3 4 5 6 7 8 9 10 1l I2

=

Period numbers
wn
T
metals
1

Periods

~1

mMONTANUNIVERSITAT LEOBEN

ARRANGEMENT OF THE ELEMENTS ACCORDING TO THE
NUMBER OF PROTONS

Gruppen -
1 e 18
Hl 13 14 15 16 17m
2 (2)
3 roup numbers
3 4 5 6 7 8 9 10 1 12

=

Period numbers
wn
T
metals
1

Perioden
(=
Alkali

~

mMONTANUNIVERSITAT LEOBEN

11



13.10.22

ARRANGEMENT OF THE ELEMENTS ACCORDING TO THE
NUMBER OF PROTONS

Periods

Groups

=
o)
@D |

Group numbers
G 8 9 10 11

13

5B

T
I
metals

Period numbers
Alkaline earth

Alkali metals

17

Noble gases

T
Lanthanides

Actilnides

Arrangement of the periodic table of elements according to the number of protons:

Atomic number = 1

H has 1 Proton

Symbol Serie
Legende schwarz = Feststoff Alkalimetalle Wetalle Gruppe
blau = Flussigkelt Erdalkalimetalle  Halbmetalle
2 =G: Ubergangsmetalle  Nichtmetalle 15 17
| rau = unbekannt Lanthanoide Halogene 14007 26,998
unterstrichen = radioakiiv Actinoide Edelgase
| unbekannt N F
o Schraffur Sicsoft Fivor
Wasserstoff 185| . Tot=Kg / m® durchgehend = natrliches Element 2261300 1.25|3.44 398 170
2.2 0092305 Elekironggatviat schwarz =kg /dme schraffiert = kunstliches Element 30974 35,45
3| Na | Mg P Cl
Natiom | Wagnesum Phosphor Chior
o0 “0or13" 17| 3 5 6 7 8 9 10 11 12 24|21 260l 316 321
19  39,098|20  40,078(21 44,956 50,942|124  51,996|25 54,938(26 55,845/27 58,933|128 58,693(29 63,546(30 65,380, 74,922 79,904

Kalium Calcium | Scandium

V | Cr

Vanadium

6.11/1,66

chrom

743|183 7870101 890188 891[10

(%]
S
24 K | Ca | Sc
[}
o

5\ Rb| Sr | Y

Rubidium_| ~ Stronium Yariam

082 086/10 155|135 2,98
37 @5468[38  87,620[30 88,906

082 153)095 263|122 447 16

02906[42 ©5950(43 (97.4)[44 10107[45 1029146 106.42[47 107,87

Tc | Ru | Rh | Pd | Ag

e Temem | Rutenim | Rhodum | Palladium siber
857|216 102810 115022 1237[2.28 1245[22 1202[1,03 1049

Nb | Mo

Nioh

1,60

Mnh| Fe | Co | Ni [ Cu | Zn

Mangan Efsen Coball Nickel Kupfer

6/ Cs | Ba | La

55 13201(s6 137,33(57 138,01

1809574 18384[75 18621[76 1902377 1022278 19508[79 19697

Ta| W |Re|Os | Ir | Pt | Au

200,59

Hg

208,98

(210)

At

Caesium Barium Lanithen Tental woliam | - Rherium | osmium. tidium Platin Gold | Quecksiber = TR
079 1s0l089 35911 6as 3|15 1665236 1925018 21022 226|22 2256|228 2145|254 1932015 1355[162 202 975 22 2
7 (2388 (e29)[80 (227) 105 (269106 (270)[107 (272)[108 (273)[209 (277)[110 (z87)[a11 us  (289) 17 (200

7( Fr | Ra | Ac

e
07

2loss 55|11 104

Db Sq Bh | Hs | Mt | Ds Rg

T

Tom | PO | wETREmim | DamerEm

12

(289)

Mc

=

Lanthanoide

Actinoide

1442461 (146)[62 15036|63 15196|64 1572565 15893|66 162,50

Sm| Eu | Gd | Tb | Dy

Pomenen | Samaium | Ewopum | Gadoinium | Tewbum | Dysprosium
7220107 754l12 52512 78911 825122

Nd | Pm

114 7,01)1.13

164,93[68

Ho

Holmium
1,23

8,78}

173,08

238,03[93  (237)[94  (2aa)[95 | (243)[06|  (247)[o7 | | (247)[98

Pu [Am |Cm | Bk | Cf

= Ao | Amenaom | TCoww | deremm | cafomm
135 1805|138 2045|113 1982l128 1367|13 " 13s1f13 1a78las a5

(252)

Es

RS,
1.3 23

12
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CLASSIFICATION OF THE CHEMICAL ELEMENTS

* The 'type' of the chemical element is determined by the number
of protons.

* The elements are arranged in order of increasing number of
protons

* This arrangement is shown in the periodic table of elements.

* A neutral atom (= atom without charge) has equally as many
electrons as protons

ATOMS AND IONS

* A neutral atom has equally as many electrons as protons:

13
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ATOMS AND IONS

* A neutral atom has equally as many electrons as protons:

-17
-11

18

1 1,0080 2 4,0026

Symbol Serie

1 Legende schwarz = Feststoff Alkalimetalle Metalle Gruppe He
Wasserstoff blau = Flussigkeit Erdalkalimetalle  Halbmetalle el

22 008 2 CrinmgEa] AR Tot = Gas Obergangsmetalle  Nichtmetalle 13 14 15 16 17 [ s

3 694[a 90122 117 35251 —. et /Lf;\thagome Ezl(ige'\e 5 10816 120117  14007[8  15909]0  18,098(10 20,180

A unterstrichen = radioaktiv ctinoide elgase

2| Li | Be smeal-1—C| unbekannt B | C N | O F | Ne
Lithium Benylium Name ~— chior Dichte Schraffur Bor Kohlenstoff [ Stckstoff |~ Sauerstoff Fluor Neon

008 053|157 185 316321 serie Tot=Kkg/m? durchgehend = naturliches Element 200 " 246|255 226|308 125|344 1.43(398 - 170|— 090

11 22000[12 24305 Elekirondgativitat  Dichie schwarz = kg / dm? schraffiert = kunstliches Element 13 26982[14 28085[15 3007a[16 3208[17 3545[18 30,008
3| Na | Mg Al | Si | P S | Cl | Ar
Nan Vagnesium Auminu | siicium | phosphor | Schwefel Chior on

O losd"™ Bers 5T 3 4 5 6 7 8 9 10 11 12 |ie™r0]ne™ " B salods " se0 2n  s07|316 - 321loms s

v 19  39,098/20 40,078(21 44,956 22 47,867|23 5094224 51,996(25 54,938(26 55845/27 58,933|28 5869329 63,546(30 65380(31 69,723|32 72,630|33 74,922|34 78,971(35 79,904/36 83,798
24 K [ Ca | Sc Ti | V |Cr|Mn|Fe |[Co| Ni [Cu|Zn | Ga|Ge|As | Se | Br | Kr
B Kalium Calcium Scandium Tian Vanadium Chrom Mangan Eisen Cobalt Nickel Kupfer Zink. Gallium Germanium Arsen Selen Brom Kiypton

m 0,82 0,86/1,0 155[1,36 2,98 154 4,50]|1,63 6,11/1,66 7,14|155 7,43[1,83 7,87|191 8,90(1,88 891|119 8,92[1,65 7,14[181 5,90/2,01 532[2,18 5,73[255 4,82(2,96 312|—

m 37 8546838 87,620(39 88,906 40 91,224|41 92,906(42 95950(43 (97,4)[44 101,07|45 102,91|46 106,42|47 107,87(48 112,41|49 114,82|50 118,71|51 121,76|52 127,60|53 126,90(54 131,29
5\Rb | Sr | Y Zr [Nb (Mo | Tc ([Ru({Rh |[Pd [Ag (Cd | In [Sh |[Sb | Te | | | Xe
rubidum | Svontum | verum Zirconium Niob Moyodan | Témemm | Ruhenum | Rhodum | Palladium siber | cadmium | indum Zinn Antimon Telr od Xenon

0,82 1,53/0,95 2,63[1,22 4,47 1,33 6,50(16 8,57|2,16 10,28|1,9 11,50/2,2 12,37|2,28 12,45|2,2 12,02|1,93 10,49[1,69 8,64/1,78 7,31|1,96 7.26/2,05 6,70/2,66 6,25/2,1 494126 5,90

55 13291|56 137,33(57 138,91(58-71 72 178,49|73  180,95\74 183,84(75 186,21(76 190,23/77 192,22|78 19508|79 196,97(80 200,59|81 204,38/82 207,20|83 208,98(84  209,98|85 (210)(86 (222)
6/Cs Ba|La|she| Hf | Ta| W |Re | Os | Ir | Pt |Au |H Tl [Pb | Bi | Po| At | Rn
Caesium | garum Lanhen [ UNtEN | Hamium Tantl wolram | Rhenium | osmium tidum Plain Goid | Quecksiber [ Thallum Blel EewG | Pomwm | Temr | Radon

0,79 1,90/0,89 359[1,1 6,15 13 133[15 16,65/2,36_19,25/19 21022 226|122 22,562,228 2145|254 19,32[19 1355/162 1185|233 11,35[2,02 9,75[2,0 9,20(2.2 2 9,73

ATOMS AND IONS

* A neutral atom has equally as many electrons as protons:

-17
-11

14
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ATOMS AND IONS

* A neutral atom has equally as many electrons as protons:
-17
-11

It loses a negative charge, so becomes positive;
a positively charged ion is formed (Cation); Na = Na* + e

It gains a negative charge, so becomes negative;
a negatively charged ion is formed (Anion); Cl + e = CI

ATTENTION: the number of protons does NOT change - it remains the same chemical element
m

The Bohr Model of the Atom

first "mechanistic" atomic model by Niels Bohr

* The electrons are located in specific orbits around the nucleus

* Simplified, these are the "shells" denoted by K, L, M, N...

* The electrons in the outermost shell are the outer electrons or valence electrons

Niels Bohr
1885 - 1962

15
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Principal Quantum Number and the Periodic Table of the Elements

IUPAC Periodic Table of the Elements

1 ®
1 2
H He
n=1(K) | n"n )
o ooz 2 v 3 1 5 16 7 aooas
5 4 atomic number 5 B 7 B 9 0
- i Eﬁ B N 3
n=2(L) | - A B I W4 -
oo oo | soz oo o i 10806, 108211 1200012012 | 14008 140061 | 1599100001 | 18908 w0
Na | M Al si| B s ]| &l A
= a i r
n=3 (M) swn—ningn- — | el
o e | 2 . 5 o v [ 5 0 " L I P e ooy o
19 2 21 2 2 21 25 2 27 28 2 3 31 ) 33 34 35 3
n=4(N) C: C Ti v Cr Mn Fe Co Ni Cu Ga Ge | As Se Br Kr
potassum | cacum gatum | gemanum | arsemc | saanum | bromne | knmon
wom | womy | s | ow | sew | s | sew | wwss | wm | ses | osew | swn | em | osw | s | mene |meimsen| s
37 3 3 ) 41 02 o « W W a7 s 9 50 51 52 5 50
n=5 (o) Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te 1 Xe
b | somiun | yum | zrconum | obum | moybdenum | tecmatum | menum | modum | palagum | sher | cagmum | inchm i | ammony | wm | iodee | enon
s | we wow | ome | s s e | we | e | we ea e won | e | men | ww | ms
55 56 5771 e 7 7 75 g 7 75 79 E) ) ) 8 o o5 o
n=6(P) | s | B2 |uwwa| M | Ta | W | Re | Os | Ir | Pt | Au|Hg | Tl | Fb| Bi | Fo | At | Rn
oo w3 s w09 s 1021 w0230 w2 19508 1097 moss |podnaarm|  wr2 058
a7 & 104 105 106 107 108 109 110 i 12 113 T 115 T 7 1
n=7 (Q) Fr Ra Rf Db Sg Bh Hs Mt Ds Rg Cn Nh FI Mc Lv Ts Og
francum | radum uthertorsom | dubniom | seaboigum | bohvum | hassium | meierium | damsiagsum | oontggaom | capemcium | nhonum | ferovium | moscovim | thermium | temossine | oganeson

INTERNATIONAL UNION OF
PURE AND APPLIED CHEMISTRY

For notes and updates (o this fable, see wwww.iupac.org. This version s dated 1 December 2018,
Copyright © 2018 IUPAC, the International Union of Pure and Applied Chemistry.

United Nations - Intenational Year
Educational,Scienticand . o the Pericdic Table
ultral Organizalion - of Chemical Elements.

mMONTANUNIVERSITAT LEOBEN

THE PERIODIC TABLE OF THE ELEMENTS

Groups

2 13 14 15 16 17

s

Group numbers
A dipp L AN SR b

W

=

Periods
Period numbers
o wn
Alkali metals

~1

mMONTANUNIVERSITAT LEOBEN

16



13.10.22

STRUCTURE OF THE PERIODICAL TABLE

Columns of the periodic table: Groups
Elements in a group (homologs) have similar properties with

Rows of the periodic table: Periods

Elements in a period show strongly from left to

right

THE IDEA OF THE GROUP PROPERTIES

1
1 11,0080 2
- Symbol Serie
1 LeQende ‘schwarz = Feststoff “Alkalimetalle Metalle Gru ppe
P, blau = Flssigkelt Erdalkalimetalle Halbmetalle
Ordngszanl  Atomgevicht s Gbergangsmetalle -~ Nichimetalle 13 14 15 16 17 .
3 6,94[4  9,0122| B A Mo t I/Ra:vlhage\de E:‘?QE“S B 10,81]6 12,0117 14,0078 15,999|9  18,998(10  20,180|
2| Li | Be unbekannt B | C N (0] F | Ne
Lithium Borylium Schraffur Bor Kohlenstoff | Stickstoff | Sauerstoft Fiuor Neon
098 053[157 1,85 rot =kg/m* durchgehend = natdrliches Element 204  246/255 2,26{3,04 125[344 143(398 1.70|— 0.90|
11 22.990[12  24,305] Elektrondgativtat  Dichte schwarz = kg / dr‘r‘\l . schraffiert = knstliches Element 13 2698214 2808515 3097416 320617 3545[18 39,943
3| Na | Mg Al | Si | P S | Cl | Ar
P P A 4 5 6 7 8 9 10 11 12 oo oo o B el S S r ] 16™ s 21 [0 s
u 19 39,008|20 40,078(21 44,956 22 47,867(23 50,942|24 51,996(25 54,938(26 55845(27 58,933(28 58,693(29 63,546(30 65380[31 60,723|32 72,630|33 74,922(34 78,971|35 79,904|36 83,798
Q4 K | Ca | Sc Ti | V [Cr|(Mn|Fe |Co| Ni [Cu|Zn |Ga|Ge | As | Se | Br | Kr
P Kalium Calcium ‘Scandium Titan Vanadium Chrom Mangan Eisen Cobalt Nickel Kupfer Zink Gallum Germanium Arsen Selen Brom Krypton
0 0,82 0.86/1.0 155136 2,98 1,54 450|163 6.11[1,66 7.14]155 7.43]1.83 7.87]1,91 8,90)188 891/19 892|165 7.14/1.81 5,90/2,01 5.32|2,18 573|255 482|296 312|— 3.75]
0. |[37 85a4e8[38 s7.620[39 88.908| 40 9122441 92906[42 95950[43 (97.4)a4 1010745 10291[46 1064247 107,87(a8 11241[a9 11482[50 11871|51 121.76[52 127,60[53 126,90(54 131,29|
5\Rb | Sr | Y Zr |[Nb |[Mo | Tc ([Ru|Rh |Pd |Ag [Cd | In |[Sn |Sb | Te | | | Xe
55 13201/56 137,33[57 138,91[58-71 72 1784973 180,95(74 18384[75 18621|76 1902377 1922278 195,08(70 196.97[80 20059(81 204,38[82 2072083 20898[84 20098[s5  (210)[s6  (222)
6/Cs |Ba|La |see | Hf | Ta | W |Re [Os | Ir | Pt |Au|Hg | Tl [ Pb | Bi | Po | At | Rn
Caesium Barium Lanthan unten Halnium Tantal Wolfram Rhenium Osmium Iridium Platin Gold Quecksilber Thallium Blei ;= FTonmm. T “Radon
87 (223)|88  (226)[89  (227)[90- 103 104 (267)[105 (269)[106 (270)[107 (272)[208 (273)[100 (z77)[10 (28y)[1m1  (28[112  (285)[113 (286)[114 (289)[115 (288)[116 (203)[117 (204)[118  (204)]
7l Fr [ Ra | Ac |see | Rf | Db | Sg | Bh | Hs | Mt | Ds g I F v | T )
FrancTm TR Ko unten | rufererum | ST sEaBorgum h:od == MEmemum | Dafmetagtum | RESMGenum | Copamiciim iR FlEToviim Moscouium | Livermarum Tenness Oganasson
0,7 2]0,89 55|11 10,1) 2 212 22 212 s 1 2z 212 2 Pl 2 2 2 i 2 2

l

[8 14012]se 1a09ife0 1aa2afe1  (14e)|62 150.36|63 15196]64 1572565 15893|66 16250[67 164.93|68 167,26|69 1689370 1730571 17497
Lanthanoide | Ce | Pr | Nd [Pm [Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu

Praseodym | Neodym | #OmEmTh | Samaum | Ewopum | Gadoinum | Tewum | pysprosum | - Homium Erbium Thuium | Yterbiom | Lutetiom
112 677|113 648|114 7010113 7220117 754|212  525|12  789l11 825122 855[123 878124 905125 932000 697|127 984
0 2320a[91 23104[92 23803[03  (237)[94  (2a4)[95 | (263)|06| | (2a7)[97  (2a7)[98 | (251)[09 | (252)[100  (267)[101 | (258)[102 | (259)[103 (262)

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

Thomm | piTactatim T Plaonmm | Aencum | - Temmm ereom | céMormum | EfStemmm | - FEmum | wEneeevmm | fG5ewm | Lafrencum
15 1172|133 154|136 1805)138° 2045[13 19820128 1367)13 " 13s1[13 147823  15a[13 2las 213 2|13 2|13 2
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13.10.22

THE ATOMIC NUMBER

Atomic number (Z)
= Number of protons in the nucleus

(corresponds to the number of electrons in the electron shells
of the neutral atom)

@Au

Atomic number — bottom left of the element symbol

NUCLEONS

Atomic number (2)
= Number of protons in the nucleus

Why is an atomic nucleus stable?

» Positive particles repel each other

* However, the nuclear binding energy is greater
than the repulsive forces between the protons

,He

18



13.10.22

Atomic number (2)
= Number of protons in the nucleus
o@\.
Z Mass number (A)
& = Sum of the protons and neutrons
9
D —
& A=Z+N
&
L
N
%&@ e Mass
@é‘ Mass [g] Atomic mass?
(}e? () m, [Da]
£ Electron 9.109535 - 1028 0.0005485803
S
L s Proton 1.672649 - 104  1.007276
He z=2;N=1,A=3
2 Neutron 1.674954 - 10|  1.008665
m

Atomic number (2)

= Number of protons in the nucleus

Mass number (A)
= Sum of the protons and neutrons
A=Z+N

The same type of atom (= same
number of protons) can have a

different number of neutrons =
different mass /

different mass number

Both atoms are He — atoms, meaning the
same element.

They only differ in mass:

ISOTOPE

19



13.10.22

NUCLEONS

Atomic number (2)
= Number of protons in the nucleus

Mass number (A)
= Sum of the protons and neutrons
A=Z+N

Both atoms are He — atoms, meaning the
same element.

They only differ in mass:

ISOTOPE

e Natural isotopes do not occur in nature with
the same abundance. The ratio of the
abundances is called the ISOTOPE RATIO

-He N=1 ‘He N=2

0,000137 % 99,999863 %
“Hel*He = 729926

ISOTOPIC ABUNDANCES (ciaaw.org)
IUPAC Periodic Table of the Isotopes

Element Background Color Key

20



13.10.22

TO THE MASS OF ATOMS....

Since an atom is relatively small, it only has a veeeery small absolute mass (m,):

An atom of the hydrogen isotope 'H is 1.673532812 x 10?” kg

mMONTANUN\\/ERSITAT LEOBEN

....AVOGADRO

p = const.; T = const.;

m1¢m2 m2=1ﬁxm1

mMON TANUNIVERSITAT LEOBEN

Lorenzo
Romano
Amedeo Carlo
Avogadro,
Conte di
Quaregna e
Cerreto

1776 - 1856
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13.10.22

TO THE MASS OF ATOMS....

Atomic masses were determined relative to hydrogen

(1858, Stanislao Cannizzaro)):

Hydrogen (H): has the relative atomic mass of 1
Oxygen (O): has the relative atomic mass of 16 x 1 = 16
etc....

TO THE MASS OF ATOMS....

(relative) Atomic masses (A,) were determined relative to hydrogen
(1858, Stanislao Cannizzaro)):

Hydrogen (H): has the relative atomic mass of 1
Oxygen (O): has the relative atomic massof 16 x 1 = 16
etc....

Later, (1865, Jean Servais Stas) A, was determined relative to oxygen.

22



13.10.22

TO THE MASS OF ATOMS....

(relative) Atomic masses (A,) were determined relative to hydrogen
(1858, Stanislao Cannizzaro)):

Hydrogen (H): has the relative atomic mass of 1
Oxygen (O): has the relative atomic mass of 16 x 1 = 16
etc....

Later (1865, Jean Servais Stas), A, was determined relative to oxygen.

Since 1957 (Nier und Olander), the carbon isotope 2C was chosen as a
reference point.

RELATIVE ATOMIC MASSES A, (atomic weight)

Relative atomic mass A,

The relative atomic mass A, is the absolute atomic mass m, of an atom relative
to 1/12 of the atomic mass of the carbon-12 atom (m, ('?C))

m
A=———
m (*C)x —
(°C) 12

23



13.10.22

RELATIVE ATOMIC MASSES A, (atomic weight)

absolute atomic mass m,

The relative atomic mass A, is the absolute atomic mass m, of an atom relative
to 1/12 of the atomic mass of the carbon-12 atom (m, ('C))

The unit of the relative atomic mass is
u (unified atomic mass) or the Da (Dalton)

1/12 of the relative atomic mass of '°C is exactly 1 Dalton

1 Dalton therefore corresponds to 1.660539040 x 10?7 kg

The absolute mass m, of a '?C-atom is therefore
12 x 1.660539040 x 10?7 kg = 1.99264685 x 10?6 kg

ATOMIC MASSES

One atom of the hydrogen isotope 'H is 1.673532812 x 10%" kg

One atom of the hydrogen isotope 'H is 1.007825032 Da

Atomic masses of the isotopes are determined experimentally.
(Atomic Mass Evaluation, 2016 — I[UPAP)

24



13.10.22

AVERAGE RELATIVE ATOMIC MASS (A))
(standard atomic weight)

Determination of the average relative atomic mass of Cu:

Naturally occurring copper contains on average:

Copper-63 69.15 % ©3Cu A, =62.929 597
Copper-65 A, =64.927 790
m, = 63.546 Da

AVERAGE RELATIVE ATOMIC MASS
(Standard Atomic Weight)

The mean relative atomic masses with less significant numbers of digits
are those that are given in the periodic table and are called
“Abridged Standard Atomic Weights”

copper

Cu
29

< 63.546(3) »Abridged Standard Atomic Weight*

NOTE: In the periodic table, the simplified average relative atomic masses are given,
even if they exist in a larger interval in nature
(see ciaaw.org)

25
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AVERAGE RELATIVE ATOMIC MASS

In nature, some elements have such a wide distribution of abundances that no
single value can be given.

These elements have an interval in which the atomic weight value is found for a

single sample.

Example: Carbon

Atomic weight distribution of
carbon on Earth
(Source: ciaaw.org)

carbon 12.011| Simplified standard
c atomic weight
13
6
12
[12.0096, 12.0116]
Interval

Atomic Weight, A(C)

12.0095 12.0100 12.0105 12.0110 12.0115
T T T
Amount Fraction, x(‘SC)
0.0095 0.0100 0.0105 0.0110 0.0115
— T — T

STANDARD ATOMIC WEIGHT

CARBONATE & BICARBONATE

Sea water -

Other water

Metamorphic & igneous rock nBS 1,

Typical marine carbonate rock Lsvee  nasTE®hencos
Other carbonate e

CARBON DIOXIDE

Air -

Soil gas

Volcanic gas —_—

Oil, gas, coal, and landfills ——t———

< N

Commercial tank gas and reference materials I T

OXALATES

CaC;0,'xH,0 (whewellite)

CARBON MONOXIDE

Air _

ORGANIC CARBON

Land plants (C3 metabolic process) _—

Land plants (C4 metabolic process) o

Land plants (CAM metabolic process)

Marine organisms

Marine sediments &

Coal —_

Crude oil Mo e

Ethanol (naturally occurring) B
ELEMENTAL CARBON s

Graphite

Diamonds
ETHANE

Hydrocarbon gas NOS3Q OS2 g QS
METHANE

Air NoS3 o NosTSs:

Marine and other sources —lS g MO S e

Fresh water sources —_—

Commercial tank gas —

1 1 ! 1 ! ! 1 1 1 1 1
-160 -140 -120 -100 -80 -60 -40 -20 0 20 40
13,
& Cyppg / %o
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13.10.22

1 Legende 18
1 H 2 He
- Ordnungszahl ~ Symbol O Serie -
1| e schwarz = nicht radioaktiy 0 Alkalim etalle OMetalle o
1 H = radioaki O Erdakalimetalle O Halbm etalle
! Name = radioaktiv o 2
21 2 { O Ubergangsmetalle O Nichtm etalle 13 14 15 16 17
jicht < 10076 4— Serie  Symbol O Lanthanoide OHalogene
3 uifa e SO b . Schwarz = Feststoff O Actinoide OEdelgase 5 Ble o[z e ol Fl10 ne
2l sz gurai rot= Gas durchgehend = natliches Blement |35, [(GCReet 1RGSR o
- - = Flii schraffiert = kimstliches Elem ent = :
a L=, Flekronegaivir  Dlau = Flissigkeit m N R i
11 Na[12 Mg 13 Afa sifis el s{z cifis A
Narum | Magnesum Abmeum [ Sicum Fhosphor [ schwetel | chibr Argon
3| 2209 24,05 Gruppe 26,982 3,453 39,948
2781 2802 280 260 28
03 12 3 4 5 6 7 8 9 10 11 12
o |19 kK[20 cal21 sc|22 Ti|23 v|2a cr[zs mn[26 Fe[27 co[28 Ni[29 cuf30 znfa1 3  Br|3 Kr
3 Kalum Cakwm scandum | Tian vanadum | Chrom Mangan Esen Cobat Nckel Kupfer Zrk Galum Brom Krypton
$ 4 |[a0m s as56 1867 50982 51996 X = s8933 s8.693 63546 : @23 .90 83,79
& o [ wwe fownor  awwe fawwn owiwe | |omnee | fawse |owiee famen | Jowiee | fawss e |2mnes
37 Rb[38 sr(39 v[40 |41 Nb|a2 Mo Tc(44 Ru[45 Rh[46 Pd|47 Ag[48 Cd[49 In[50 Sn[s1 sb|s2 Te|[53 154 Xe
o [Rigum | svonim [ vom | zeconum | nob Moybdan | Rehnetum | Runenum | Fhosum [ Poladum [ Siber Cadmum [ ndun zm Atmon | s d Xenon
5 [ 5,468 o6 86906 124 92906 9.9 0 10107 10291 1o 0787 11241 114, 118, 6 w7, 12690 1129
e |oenewe  [2miese  [aesnoz |amienan |amsenn |amieise |omsessn [amissen [amiens  |amisien |amieise | aisien | asisiss s | 2 s | amisse
08 0 13 . 15 18 ] 2 ] J 1 15
55 Cs|56 Ba|67-71 (72 Hf(73 Ta[7a W|75 Re[76 0s[77 ir[78 Pt[79 Au[so Hg[s1 Tis2 Pb Bi Po At Rn
Caesm [ Barum [ sehe Hafmm | Tortal wotram  |Rhenwm [ Osmum [ vidum Fain ol Quecksber [ Thaim [ Bki oma |Pdorum | Astt Fadon
6 [ 122 13133 wen 178,49 055 18380 19621 19023 2 19508 y 2005 2438 212 20898 998 @) @22
amimy | amiee e |awiwsy  (owwer  (amiesy  |omww |omieny  |amiwsy  |awiwsy  (amwsy  (awiece |amiesr  |awiwe |awiwe |y |awses
T 102 w2 as | ar|we s [l 152 o zz|iwn 2e|wz s fwn s [ ip [l a0 |l 20 |t 108
Fr Ra Rf Db Sg Bh Hs mt Ds Rg cn Nh Fl Mc Lv Ts og
Frncum  |Radum | sehe Ruberfordm [ Ouwnim | Seaborgim | Botrim | Hassum [ etoerim [ Damstan | Roengenum | coperncim | hoowm | Feroim  |woscowm [ Lvemarum  [®eness [ oganesson
7|ex 2603 unten s @) @y @2 @) ) @) 21 217) &) ) @5 @) @9 @8
mn | oisre e |owiesy  (swwcy  (amiesy (2w |amiey  |awwe |awiesy (awissy  [awiscy  (awiesy  |swieer |swss | swissy | 2eiss
w07 |wm2 op T X E 2 B o B i i i i i i i e B
57 La|ss ce[so Pr|eo Nd Pm|62 sm|63 Eulea Gd[es Tbles Dy[67 Ho[es Er[es Tm[70 ¥b|71 Lu
Lanhan | cer Paseotym [Neoym | mometwm | Samaum |Ewopim | Gadokwm [ Tebum | Oysprosim |omum | Ebum Thokm | Yierbum Lyt
Lanthanoide | 13591 10,2 14091 10424 14650 150,% 15196 1575 15893 16280 16493 167, 16633 17305 17437
omnene  |omimny  (owmey |amezz  |awiwew  |amiees  |owieos |osiees  (omieen  (amieew |omisew  |amieno |omissy  |aeseny [amiesy
et Y ot o™ oy o) ot s ol 3 ] A ) ] T
Ac Th Pa u Np Pu Am cm Bk cf Es Fm md No Lr
acwm  |moam  |roacioum [urn nepunum  [Puonum [ Amencim [ cuum | eerkeum | cafornun  [enstenim  [Fermum [ enddaam | Noberm | Lawrencim
Actinoide | (227 232,04 23108 2303 23708 (244,10 (243,10 (247,10) (247,100 (251,10 (254,10) (257,10 (29 (259) (260)
PO Py e e P e EYUEI PYVee T PYSOE g P e 13 iy |zmne | 2eneny | 2mies
11 |10z 1 |2z 15 |2 e B B e Bt B el B e B s

Sl Units

The internationally valid SI system of units - Sl , is an abbreviation for
the French expression Systéme international d'unités.

It is the modern form of the metric system and the most widely used
system of measurement in the world.

It consists of a total of

* a coherent system of 7 basic units,

* aset of 20 decimal prefixes - prefixes representing multiples or fractions of the units (giving the non-
coherent units (e.g. mg or km)) -

¢ and 22 Sl units derived from the basis set.
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Systeme international d’unités (see MINT Physics)

AV Cs

v
\QL/ \@/
e /70 @<\ N

A

4 \

f o

m

Amount of substance mol
Quantity symbol: n

Dimension symbol: N

Unit: mol

DEFINITION OF THE MOLE:
The mole, unit symbol mol, is the Sl unit of amount of substance.
One mole contains exactly 6.022 140 76 x 102 individual particles.

This number corresponds to the fixed numerical value applicable to the Avogadro constant Na,
expressed in units of mol-', and is known as the Avogadro number.

The amount of substance, sign n, of a system is a measure of a number of specified constituents.

A single particle can be an atom, a molecule, an ion, an electron, another particle or a group of such
particles with specified composition.

m
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13.10.22

THE MOLE ...

The number of particles corresponds to 6,022 140 76 x 1023 particles.

The quantity is called the Avogadro number (N,)

Thus the amount of substance of 1 mol has exactly 6.02214076 x 107 particles (=natural constant)

THE MOLE ...

The number of particles corresponds to 6,022 140 76 X 10?3 particles.

The quantity is called the Avogadro number (N,)
Thus the amount of substance of 1 mol has exactly 6.02214076 x 102 particles (=natural constant)

(This is like 1 dozen = 12 particles)

mu.ag\‘_‘_wwl =

}’ 2 ~

.
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13.10.22

MOL und MOLAR MASSES (M)

The relative average atomic masses (Ar) in the periodic table correspond
in numerical value (approximately) to the average molar mass M in g/mol

Molar Masses....

1
1 11,0080 2
- Symbol Serie
1 LeQende ‘schwarz = Feststoff “Alkalimetalle Metalle Gru ppe
P, blau = Flussigkeit Erdalkalimetalle Halbmetalle
Crlmg=l)  AEgEn =G Ubergangsmetalle  Nichtmetalle 13 14 15 16 17
3 6,94(4 9,0122] 17 35,451 T oert t ka:“hage\ﬂe E:\OlgE“G 5 10,81|6 12,011{7 14,0078 15,9999 18,998(10 20,180
2| Li | Be e mCl unbekannt B C N (0] F | Ne
Lithium Berylium Name ~— chior Dichte Schraffur Bor Kohlenstoff Stickstoff ‘Sauerstoff Fluor Neon
098 053/157 185 306 3.21| serie rot=kg/m? durchgehend = natUrliches Element 204 246|255 226(30a 125[344 143[308 170|— 0.90)
11 22,900[12 24,305 Elektrondgativtat  Dichte schwarz = kg / dm® schraffiert = knstliches Element 13 2698214 2808515 3097416 320617 3545[18 39,943
3| Na | Mg Al | Si | P S | Cl | Ar
O |ost " Berli 5| 3 4 5 6 7 8 9 10 11 12 ™ elue™ B aale e Sl Sl 0™ 521 foss e
u 19 39,008|20 40,078(21 44,956 22 47,867(23 50,942|24 51,996(25 54,938(26 55845(27 58,933(28 58,693(29 63,546(30 65380[31 60,723|32 72,630|33 74,922(34 78,971|35 79,904|36 83,798
Q4 K | Ca | Sc Ti | V [Cr|(Mn|Fe |Co| Ni [Cu|Zn |Ga|Ge | As | Se | Br | Kr
S Kalium calciom | Scandium Titan Vanadium Chrom Mangan Eisen Cobalt Nickel Kupfer Zink Galium | Germanium Arsen Selen Brom. Kiypton
m 0,82 0.86/1.0 155136 2,98 1,54 450|163 6.11[1,66 7.14]155 7.43]1.83 7.87]1,91 8,90)188 891/19 892|165 7.14/1.81 5,90/2,01 5.32|2,18 573|255 482|296 312|— 3.75]
0. |[37 85a4e8[38 s7.620[39 88.908| 40 91224[a1 92,906[a2 95950(43  (97.4)[a4 10107[45 10291[46 10642[a7 10787[a8 11241[a9 1m4s82[50 11871|51 12176[s2 127.60[53 126.90[54 13129
5\Rb | Sr | Y Zr |[Nb |[Mo | Tc ([Ru|Rh |Pd |Ag [Cd | In |[Sn |Sb | Te | | | Xe
55 13201/56 137,33[57 138,91[58-71 72 1784973 180,95(74 18384[75 18621|76 1902377 1922278 195,08(70 196.97[80 20059(81 204,38[82 2072083 20898[84 20098[s5  (210)[s6  (222)
6/Cs |Ba|La |see | Hf | Ta | W |Re [Os | Ir | Pt |Au|Hg | Tl [ Pb | Bi | Po | At | Rn
Caesium Barium Lanthan unten Hafnium Tantal Wolfram Rhenium Osmium Iridium Platin Gold Quecksilber Thallium Blei ;= oo T “Radon
87 (223)|88  (226)[89  (227)[90- 103 104 (267)[105 (269)[106 (270)[107 (272)[208 (273)[100 (z77)[10 (28y)[1m1  (28[112  (285)[113 (286)[114 (289)[115 (288)[116 (203)[117 (204)[118  (204)]
7l Fr [ Ra | Ac |see | Rf | Db | Sg | Bh | Hs | Mt | Ds g
FrancTm TR Ko unten | rufererum | ST sEaBorgum h:od == MEmemum | Dafmetagtum | RESMGenum | Copamiciim iR FlEToviim Moscouium | Livermarum Tenness Oganasson

l

[s8 1a012[ss 1a001f60 14s24]61  (14e)|62 150.36|63 15106]64 157,25]65 156,03[66 16250[67 164,93(68 167,26(60 168,93|70 173.05|71 174,97
Lanthanoide | Ce | Pr | Nd [Pm |Sm | Eu |Gd | Tb | Dy |Ho | Er | Tm | Yb | Lu

Praseodym | Neodym | #OmEmTh | Samaum | Ewopum | Gadoinum | Tewum | pysprosum | - Homium Erbium Thuium | Yterbiom | Lutetiom
112 677|113 648|114 7010113 7220117 754|212  525|12  789l11 825122 855[123 878124 905125 932000 697|127 984
0 2320a[91 23104[92 23803[03  (237)[94  (2a4)[95 | (263)|06| | (2a7)[97  (2a7)[98 | (251)[09 | (252)[100  (267)[101 | (258)[102 | (259)[103 (262)

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

Thomm | piTactatim T Plaonmm | Aencum | - Temmm ereom | céMormum | EfStemmm | - FEmum | wEneeevmm | fG5ewm | Lafrencum
15 172133 154|136 1895138 204513 1982l128 13e7|1s’ 13sufas da7slas asafas 2las 213 2|13 2|13 2
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13.10.22

Each of these samples consists of 1 mole of the
element

Clockwise from top right:

32.065¢g Sulphur
200.59 g Mercury
207.2g Lead
63.546 g Copper
12.011¢g Carbon

...how many atoms are there in each? i
...and it's 6.02214076 x 1023 atoms of that elemdht €

EVALUATION OF ELEMENTS BASED ON POSITION
ON THE PERIODICAL TABLE
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METALS

1 Legende 18
3“5’ ! Ordnungszahl ~ Symbol O Serie f o e
1| 10079 schwarz = nicht radioaktv O Alkalim etalle OMetalle o
q Name H = radioakiiv O Erdakalimetalle O Halbm etal 2
21 2 Wwasserstoff o Uh?aﬂgsmelalle ONichtm etalle 13 14 15 16 17
jicht o L seric o anoide logene:
e me| fomn T Serie pmwe— 0 Actinoide OEdelgase  |[5 6 7 s Fl10 ne
Lihum Berylum Al 21 Girfic Bor Kohlenstoff | Stckstoff ‘Saverstoff Neon
2 [ssur s012 e O sigkeit durchgehend = natliriches Flement |l 1oz 1201 18007 15999 2080
LT LG Elekronegatvitat o ERETY oS 30 [* a0
11 Na12 Mg 13 Al sifis el cif1s  Ar
Navum | Magnesum Almeum [ Sicum | Fospror | Scrwetel Argn
3l2s0  fanms Gruppe w2 |mos  [a0om 2065 2998
28 28 i 3 3
2| 3 4 5 6 7 8 9 10 11 12 1 1 21 0
o |19 K|20 cal21 sc|22 Ti[23 v|24 cr[2s wmn[26 Fe[27 co[28 Ni[20 cu[30 (31 ca[32 Ge[3ss As[3s se|ss Brim K
Kalum Cakum ‘Scandum Ttan Vanadum Chrom Mangan Esen  Cobak Nckel Kupfer Zrk Galum Germanum | Arsen. Selen Brom Krypton
& |ummn e o2 |oeme  fomnwn  fomave  |oenee  |awse oz famien | faesee | fae T T YT o P E Y P
08 10 1 6 15 18 15 1 16 15
37 Rb[38 srf3s v|a zr[a1 Nb[a2z wmo|  Tc[as Ru[as Rn[a6 Pd[sa7 Ag[as cd[as in|[so sn[s1 sbls2 Te[ss ifsa xe
ontm ¥ trum Zrconum Molybdan ‘TRchnetum | Ruhenum | Rhodum Paladum Sber Cadmum ndum zmn Tl Xenon
5 (8,468 8762 88,906 91,224 9 5,96 9891 10107 102,91 106,42 10787 1241 114,82 18,11 1,76 121,60 6,90 13129
2iwen 88082 21w 208002 | 2818121 | 288NV | 2Ee12 | 20ens | 2nsnen | 28808 usnenen |2z | 2808083 | 28nenee  [eenes 2e8ns6 | 2818087 | 2801811858
08 10 1 u 15 ¥ 19 22 22 22 19 17 u 18 1 21 25
55 Cs[s6 Ba|57-71 |72 Hf[73 Ta[74 W75 Re[76 o0s[7z |78 Pt|79 Au[so Hg[sr [z eb| B[ Po[ A Rn
Caesum Barum ‘siehe Hafrum Tantal Wolram Rhenum Osmum ridum Flatn Gold Quecksiber | Thalum Bl Bsmut Polonum Astat Radon
(o] T T e ) mass |1 wise 120 w023 |12 150 f19697 08 (2s3  [a72 w89 [2008 | o) @2
ey | s 28 sy (awwne  (omiesy  |ome |omieny  |omwsy  (awiwsy  [amiesy  |awiess | amiess (o oww | amneny | 2mies
o1 07 | w2 0.9 102 13|12 15 | 1212 17|13 19 | 192 22182 22 |1 22| 181 24 | 182 19 15 | 184 15 | 185 19 | 1866 20 22 | 108
87 Fr|ss Ra|89-103 104 Rf|105 Db|106 Sg|i07 Bh|i08 Hs|109 Mt[110 Ds|111 Rg|112 Cn[113 Nh [114 Fl|115Mec [116 Lv|117Ts [118 Og
Fancum  |Ragum | sehe Rutrefordm | Dwnm | Seaborgum | Bofrium | st Wetverum | Camstadum | Roengenwum | Caperncaan m IMoscomm | Luemerum [ Eness 5500
7| @) 2603 unten (261) (262 (269 (262 (268) (266) (269) (212 (2 (287) (289) (288) (289) (293 (294
e |owwe  |www |omwsy |y |swiesy (e TR P T B ey |owww  (owww | 2wmesy | 2w
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Metals, Nonmetals, Semimetals

* A metal is a substance that
conducts electricity, has a metallic
sheen, and is ductile”.

* A nonmetal does not conduct
electricity and is neither malleable
nor ductile”.

Rolled out gold foil that lets
light shine through

*malleable, plastic deformation
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Characteristics of metals and non-metals

Metal

Nonmetal

physical properties

good electrical conductor
deformable under pressure
malleable, ductile

shiny

typically:

solid

high melting point
good heat conductor

chemical properties
react with acids

form basic oxides
(that react with acids)
form cations

mMONTANUN\\JERS\TAT LEOBEN

bad electrical conductor
not deformable

not ductile

not shiny

solid, liquid or gas
low melting point
bad heat conductor

do not react with acid
form acidic oxides
(that react with bases)
form anions

Metals, Nonmetals, Semimetals

Semimetals have
« the appearance and (certain)
properties of metals, but

+ chemically behave like nonmetals
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[———  Alom gevicht 10075 L Serie bol O Lanthanoide OHalogene
Belwonen- , schwarz = Feststoff O Actinoide OEdelgase 5 B|6 { 0 Ne
P R | fgurat rot= Gas durchgehend = natiriiches Element ([ ~ [¥ehener -
. 7)) Flekironeganviat D12 = Fliissigkeit schraffiert = kiinstiches Elem ent ] Wt %)
= 2’ 13 A (14
. AT P 5
O ™ Gruppe x| moss (/)(
—' LlJ 3 4 5 6 7 8 9 10 11 12 15 12 (D
" < i E 21 Sc|22 Ti|23 v|24 Cr|25 Mn|26 Fe|27 Co|28 Ni|29 cCu|30 Zn|31 Ga|32 Ge
H Il Sean Vanadum | cvom | Margan [ gsen comt  nckel [kt |z csm | cemnim 1 w
T 4 LlJ I 44,956 47867 50942 51,99 54938 55,845 58,933 58,693 63546 6538 69,723 7284
=1 E | — ' ' : m
| < | <|z= Noble gases have 8 outer electrons (He has 2) | o
g | S . . z
L and thus represent the most stable configuration
i — fs7-71 - e e e ee e e e — opem e e Rn|
| <C Jn v | [atram ™ e [ Samuam [ vidm " o Queckate | Toamm it -
6 _I i _' unten 17849 180,95 18384 186,21 19023 12,2 19508 19697 20059 20438 212 (222
1 TR ET S e e - S - g T T
<] w2 iz s | i ue[la 22|ise im i o2 1 | o
Rf Db Bh Hs Mt Ds Rg Cn Nh g
T el ] et ot ol il s W | vl ol ol
K E5) unten (261 (262 (263) (262 (265) (266) (269) (@12 (@m (287) (289) (294)
e N < S |omwy  |Swwew |soawer |Swwe |y |twww [Swiwse |dwiws |Smess | swiess Saitasz
57 La Ce(59 Pr(60 Nd 62 Sm|(63 Eu|64 Gd|65 Th|(66 Dy|67 Ho|68 Er
Lanthan Cer Fraseodym | Neodym Fromethum | Samarum. Ewropum Gadoinum | Terbum. Dysprosim | Holmum Ebum
Lanthanoide | 13891 140,12 14091 14824 146,90 150,% 151,96 15,5 15893 162,50 16493 167,26

ey [amimny |2mmey  |omiwer |amimey | 2mise
%2 2 1 [e2 1o aafee o fee

s |amiees | omimon  |amiwew | 2mseew | 2mseno
"2 2 2|ee 12 [m2 2|ee 12fme 12

Ac Th Pa u N Pu Am cm Bk cf Es Fm
~ facmum  |mowm  [Pacnim [uran Nepunm | Prsorim keium | Caiformum
Actinoide | 21 2200 23100 28,0 23108 @ow @ |ero |@ue  [@sa0) | @
eenz  |amiesy  |omim ey | 2w i |amiwsy | ommm  |amiwsy | 2msss 180
we2 11 |18102 13 |22 15 [2wse 1s 2wy mm2 13 |2m2 1| mnon 13 | 288 1
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