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The Periodic Table
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() Element % by mole
¢ ‘ Hydrogen 63.0 _
99% of atoms in
=5 Oxygen 26.0 a human body
== Carbon 9.0 come from only
:,‘ = Nitrogen 1.25 4 elements
%‘; Calcium 0.25
, #f’;, Phosphorus 0.19
Potassium 0.06
Sulfur 0.06
Sodium 0.04
Chlorine 0.025
Magnesium 0.013
Iron 0.00004
il Iodine 0.000002
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macronutrients: elements needed in large quantities by
your body.

trace elements: elements that are needed in very small
guantities to maintain optimum health.




Metals, nonmetals and metalloids

1 2 . . .
it Atomic Number—»f6 He| | lonic compound:

group 13 group 14 group 15 group 16 group 17 | helium

hydrogen | 9roup 2 C metall 5 7 -
aLi de Atomic Mass ———3 12011 metalloid B > ©al N E‘O ” F llo\Te one non metal atom

6341 | sz carbon nonmetal 10811 | 12011 | 14007 | 15999 | 18898 | 20180

lith beryl b b t f

e s e we e | ponded with one metal
Na | Mg Al|Si| P | S |C|Ar

22990 | 24305 26.982 zs:i?:: 30,974 jsﬁﬁ;)rs ;15‘»;3\3; ii;d: atom

sodium  |magnesium| 9roup 3 groupd4  group5 group® group7  groupB group 8 group 10 group 11 group 12| suminum

N

19 20 21 22 23 249 25 26 27 28 29 30 31 32 33 34 315 36

K|Ca|[Sec|[T1 |V |[Cr|Mn| Fe|Co|Ni|Cu|Zn|Ga|Ge|As| Se | Br|Kr

35098 | 40078 44856 | 47067 | 50942 | 51996 | 54936 | 55045 | 56933 | 50693 | 63546 | 6538 | 65.723 7261 79922 76.96 79.504 83.80

potassium | calcium scandium | titanlum | vanadium | chremium |manganese ron cobalt nickel | copper zinc galium _|germanium| arsenic [ selenium | bromine | krypten

37 38 39 40 41 42 43 44 45 46 41 48 49 50 51 52 53 54 I I d 0
Rb| Sr Zr [Nb|[Mo| Tc |Ru|Rh|Pd|Ag |Cd|In |Sn|Sb|Te| I |Xe maoilecular compouna.
B5.468 B7.62 B8.906 91224 92.906 95.96 (o8} 101.07 102.91 10642 107.87 11241 11482 118.71 121.76 127 60 12680 121.29

rubidium | strontium yttrium | zirconium | niobium |melybdenurm technetium | ruthenium | rhodium | palladium | silver cadmium ndium tin antimony | tellurium iodine Xenon

Cs [ |1 it [a "W | Re [Os [ir | Pt u Hig "1 "Pb i [P0 "at Ra| | WO NON-metal atoms

13291 137.33 174.97 17849 180.95 183.84 186.21 190.23 192.22 195.08 196.97 200.559 204.38 207.2 208.98 (209) (210) (222)

oo ios o ios oniss i ite i nia s e s e e | OONMed with each other
Fr |Ra|| Lr | Rf | Db| Sg | Bh | Hs | Mt| Ds | Rg [Uub| Uut |Uuq|Uup|Uuh Uuo

(223) [226) (262) (267) (268) (271} (272) (270 (276) (281) (280) (285) (284) (289) [288) (293) (294)
francium radium lawrencium frutherfordium| dubnium |seaborgium| bohrium | hassium | meitnerium |darmstadtiumjroentgenium| ununbium | ununtrium pnunguadium|y unhexius ununacium

51 38 59 62 63 64 65 66 67 68 70

La|Ce| Pr ﬁIu\kl ?’m Sm| Eu|Gd|Tb|Dy Ho| Er gf'm Yb

138.91 14012 14091 14424 (145] 15036 151.96 157.25 15893 16250 16493 167.26 16893 173.06
lanthanum | cerium |praseadymium|neodymium{promethium| samarium | eruopium [gadolinium | terbium |dysprosium| holmium | erbium thulium | yrterbium

a0 91 92 93 94 95 96 98 99 100 (101 102

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

(227) 232.04 231.04 238.03 (237] (244) (243} (247) (247) (251) (252) (257] (258) (259)
actinium | thorium jprotactiniumy  uranium | neptunium | plutonium | americium | curium | berkelium | californium |einsteinium| fermium _mendelevium| nobelium




Metals, nonmetals and metalloids
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oo ios o ios oniss i ite i nia s e s e e | OONMed with each other
Fr |Ra|| Lr | Rf | Db| Sg | Bh | Hs | Mt| Ds | Rg [Uub| Uut |Uuq|Uup|Uuh Uuo

(223) [226) (262) (267) (268) (271} (272) (270 (276) (281) (280) (285) (284) (289) [288) (293) (294)
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a0 91 92 93 94 95 96 98 99 100 (101 102

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

(227) 232.04 231.04 238.03 (237] (244) (243} (247) (247) (251) (252) (257] (258) (259)
actinium | thorium jprotactiniumy  uranium | neptunium | plutonium | americium | curium | berkelium | californium |einsteinium| fermium _mendelevium| nobelium

What does “periodic” in “periodic table” mean?



460 — 370 BC 1808 1870 1897 1910 1925 Today

mE o I

Democritus Dalton Crookes Thomson Rutherford Pauli
Atomism “Modern” Cathode rays  Discovery Discovery Pauli
atomic theory of the electron of the nucleus exclusion
principle
1869

Mendeleev looks for a logical
way to organize the elements
known at the time.

Note that at this time, very little is known about atoms.

Protons and atomic numbers were not discovered yet. Dimitri Mendeleev



Mendeleev uses density (a physical property) of atoms,
and organizes them in order of increasing atomic mass.

Density (g/cm3)
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The periodic table
contains patterns
that repeat at
regular intervals

Density (g/cm3)
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Atomic mass (amu)

Cnamisiy| periodic: repeating at regular intervals.
e
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Atomic radius
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in a periodic table view
: o °
A new period

S Li |* Be B [ ¢c |"TN [0 |° F [Ne

< o J v 9 9

’

A new period "Na |Zmg || Al ¥ si

QO O 0 oo o




Atomic radius

atomic radius: the distance from the center of an atom to
its “outer edge.”

He

Se [Br |Kr
Te | | [Xe

Uuh Uuo




Electronegativity

electronegativity: the ability of an atom to attract another
atom’s electrons when bound to that other atom.




lonization energy

lonization energy: the energy required to remove an
electron from an atom.
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The first periodic table

H0 |[Liz0 |[BeO |[B205[CO: |[N20s |[OH: | [FH [[Na:0 Al:0s|[Si0: |[P.Os

MgO

v

| |
<:503 CIH || K20 [|Ca0 ||TiO: || V20s || CrOs ||[MnH |[FeOa |[CoOx |

|CU20

Zn

)

U

C/9\5205

SeQs

BrH

Rb20

SrO

Y1203

Zr02

Nb20s

MoQOs

RuQs4

Mendeleev placed the elements in order of increasing atomic mass

and then noticed a repeating pattern in the oxide and hydride formula.



The first periodic table

/ Pattern repeats \

H0 |[Li20][BeO,

[Cu:0](zno

/
[x:0][ca0

‘ Rb20 ||SrO

Mendeleev placed the elements in order of increasing atomic mass
and then noticed a repeating pattern in the oxide and hydride formula.

A new pattern was discovered!



The first periodic table

Oxides and hydrides sorted into rows:

H20
Li2O| |BeO| [B20s| [COz2| [N20s OH: FH
Na20 [ |[MgO | [Al203| |SiO2| |P20s S0Os| |(CIH
K20 |Cal TiO2| |V20s CrOs| |MnH| [FeOas ||Co0O4
Cu20| {Zn0 As:0s| |SeOs| (BrH
Rb20| |SrO| |Yt203| |ZrOz2| [Nb20s| |M0Os RuOs4

The first periodic table as suggested by Mendeleev in 1869




Mendeleev left empty spaces for elements not yet discovered

H20

Li2O| |BeO| [B20sf [[COz2| [N20s OH: FH
Na20 [ [MgO AIzC}é' $102| [P20s S0Os| |(CIH

K20 |Cal ‘ 1102 |V20s CrOs| |MnH| [FeOas ||Co0O4
Cu0| [ZnO v As:Os| [SeOs| |BrH

Rb20| |SrO| |Yt203| |ZrOz2| [Nb20s| |M0Os RuOs4

The first periodic table as suggested by Mendeleev in 1869




Gallium was discovered 6 years later!

H20

Li2O| |BeO| (B3| [COz2| [N20s OH: FH

Na0 [ |[MgO | |Al203| |SiO2| |P20s S0Os| |(CIH

K20 |Cal l TiO2| |V20s CrOs| |MnH| [FeOas ||Co0O4
Cu20| {Zn0 As:0s| |SeOs| (BrH

Rb20| |SrO| |Yt203| |ZrOz2| [Nb20s| |M0Os RuOs4

The first periodic table as suggested by Mendeleev in 1869




The modern periodic table

The modern periodic table arranges elements in order of
Increasing atomic number, not atomic mass.

Scientists have been adding elements to the periodic table, as more
are discovered or created.

The last naturally occurring element to
be discovered is Francium (Fr) in 19309.

/

70 years after Mendeleey,
who had called it
eka-caesium




The modern periodic table

li"””” ! metals nonmetals ;"“'” !
H [ | alkali metals | |halogens He
1.0079 #0028

h group 2 . group 13 group 14 group 15 group 18 group 17| pa)

PEESI [ ] alkaline earth metals [Inoble gases : 2 > > : el

3 " other nonmetals
Li | Be transition metals u B .G N G F Ne
6.941 90122 EI . 10.811 12011 14007 15,540 18.994 20.180
lithium | Beryllium meta"OIdS baron carban nitrogen | oxygen fluorine nean

5 || rare earth metals 15 |16 18

11 14 17
Na | Mg | | other metals | metalloids Al | Sidl B . SH Cl | Ar

22.950 24305 26.982 26,085 30574 32.065 35453 30.048
sodium  |magnesium| 9oup 3  group4  groupS  group®  group 7 group 8 group § group 100 group 11 group 92| guminum | silicon |phosphorous]  sulfur chicrine argan

is 20 21 2z 23 24 25 28 27 28 |25 30 31 32 33 34 35 38

K|(Ca||Sc | Ti |V |Cr|Mn|Fe Co|Ni|Cu|Zn|Ga|Ge|As|Se | Br | Kr
39.058 40078 A4 056 47 B5T 50.942 5199 54,938 55,845 58933 58.693 63546 6538 69.723 7241 794922 7896 79.904 83.80
patassism | calcium scandium | titanium | vanadium | chromium | mangancse iron cobalt nickcd coppcr zinc galium  |germanium|  assenic | selenium | bromine | krypton
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54

Rb|(Sr|| Y |Zr INb Mo| Tc |[Ru/Rh|Pd |Ag|Cd|In |Sn|Sb|Te| I |Xe
D5.460 o762 00,906 P24 FL90G6 95,96 [50) 101.07 1029 10642 10707 112.41 114.02 1168.71 121.76 12760 126590 131.29
rubidivm | strontium yttrivm | zirconium | néobium  |[molybdenum| technetium | ruthenium | rhodium | palladium silver cadmimm | indium tin antimony | tellurium iodine HENON
55 56 71 12 73 74 5 76 7 78 9 80 81 82 83 84 85 86

Cs|Ba||Lu|Hf | Ta|W Re|Os| Ir | Pt |/Au|Hg| Tl | Pb| Bi | Po | At |[Rn
13251 137.33 17497 17849 180.95 18384 186.21 190.23 192.22 195.08 196.97 200558 | 20438 2072 208.98 1205 2100 (222)
CESilm barium lutetiom | hafium | tantalum | tungsten | rhenium | osmium iridium platinumm qold mercuwy | thallium ead bisrmuth | polonsumn | astatine radon
87 88 103 104 105 106 107 108 109 110 111 112 113 114 115 116 118

Fr |Ra| Lr | Rf |Db| Sg | Bh | Hs | Mt | Ds | Rg |Uub| Uut | Uug[Uup Uuh Uuo
[223) {226) (262} [267] (268 1271) (272) (270} (276} [281) {280) (285) (284) (289] (288] 1293 (284
francium radivm lawrencium |utherfordium|  dubnivm | seaborgium| bohrium hassium | mestnenumjdarmstadtiumircentgenium| ununbivm | ununtrium pnunguadumununpentiumjununbesium) unumoctiom|

57 58 61 62 64 65 66 68 69 70

59 60 63 67
La|Ce|Pr Nd|Pm|Sm|Eu|Gd|Tb|Dy|Ho| Er |Tm
138,91 140,12 140,91 144.24 145 150,36 151.96 157.25 | 15893 | 16250 | 164.93 167,26 16693 | 17306
lanthanum | cerium  Jormseodymiven|neodymium|premethive| samarnium | ervopium |gadolinium | terksum | dysprosium| holmium | erbium thuliurn | ytterhium
89 90 91 92 93 94 95 96 97 98 99 100 101 102
Ac|Th|{Pa| U |[Np| Pu|Am|(Cm| Bk | Cf | Es IFm|Md| No

(227) 232.04 23104 238.03 {237) (244) (243} (247} 1247] 1251) {252) (257) [258] (255)
ACHRRIMm tharium  fprotacticium| wanium | neptunium | phutoniem | americiem | curium berkelium | calfomium | einsteinium | fermium  rendeksium nobelium




Electron structure was discovered after the periodic table was developed...

B

10.811
boron

Electron configuration: 1s22s22p?

two electrons
located in the
orange 1s orbital

\ two electrons
4« located in the
green 2s orbital

one electron
located in the
purple 2p orbital

Overlapping orbitals of boron



Electron structure was discovered after the periodic table was developed...

.. but orbitals also follow a pattern in the periodic table. —
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qroup 1 metals nonmetals group 18

o

[ ] alkali metals [ I halogens

. Dnome ases group 13 group 14 group 15 group 168 group 17
| |alkaline earth metals ‘ g . s = 5 = =

[ | transition metals CIN|O|F
Elem ent = .

5 [ | rare earth metals 14 |15 17

Mg || other metals # 117 Si| P

24305 2B.085 35453
magnesium| 9@up 3 group4  groupS  group & group 7 silicon  |phosgh chicrine

Fa B[P [y [ fi]| MiSSing here 75,58 %,

A4 056 47 BGT 50.942 5199 54,938 55.845 58933 58,693 6538 .?23 7241 . . 79904
scandium | titandum | vanadium | chrami ¢ iran cobalt niched nnppl:r zine germanium, i i bromine

37 38 39 40 41 42 43 44 45 46 47 48 49 51 53

Rb| Sr|| Y |Zr |[Nb|Mo| Tc |[Ru | Rh|Pd|Ag|Cd| In I

D560 G0.506 92906 95.96 50 10291 10642 | 10707 | 11241 114.02 ) . 126.90
rubidivm i yttrivm | zirconi niokium  |molybdenum| technetium | ruthenium | rhodium | palladium | silver | cadmivm | indium i i i iodine
55 56 71 72 73 74 75 76 17 78 79 80 81

Cs |Ba || Lu | Hf | Ta|'W | Re [Os | Ir | Pt |Au|Hg| T1 | Pb

13251 c % 13384 . : 19222 195.08 i 204,38
cesium i lutetivm | hafmium tungsten i i inidium | platinum qold thallium

88 103 104 106 108 (109 110 113

*Fr |'Ra||'Tr 'R Db/ Sg | Bh | Hs Mt| Ds| Re Uut Uuq

(267 [268) 1271) [281) (284)
i ivm |seaborgium| bohrium | hassium i darmstadtium| i i ununtrium ununpentium

57 58 59 60 62 63 64 65 66 67 68

La|Ce| Pr Nd Sm| Eu|Gd Tb|Dy|Ho| Er

157.25 162.50 164.93 167.26

|pramaadym Em:amm ' qadolinium| terksum | dysprosium| holmium | erbium
90 91 94 95 96 97 98 99 100 101 102

Pa| U Pu |Am|Cm| Bk | Cf | Es |I'm|Md

(244) {251) 1252) (257) (258 (259)
ranium califomium | einsteinium | fermium  rendikaium nobelium




2009-2010

Element #117 was discovered through a Russian-US collaboration.
The discovery still needs to be confirmed.
It is temporarily named ununseptium (Uus).

Discoveries are made all the time!



Elements in the first periodic table were arranged
in order of increasing atomic mass

H.0
Li2O BeO B203 CO: N20s OH: FH

Na20 | |[IMgO | [Al20s| |SiO2| |P20s SOs| |CIH

K:20| |CaO Ti02| |V20s CrOs| [MnH | |FeOas |[CoOa4
Cu0]| |Zn0O As20s | (SeOs| |BrH

Rb20| |SrO| |Yt203| [ZrOz2| [Nb20s| [MoOs RuO4

The first periodic table as suggested by Mendeleev in 1869



Elements in the modern periodic table are arranged
In order of increasing atomic number

The modern periodic table shows trends or repeating patterns in atomic
radii, electronegativity and ionization energy

J.JJJJJJJJJJJJ\J\J\)JJ
HHe Li Be B C N O FNe Na Mg Al Si S Cl Ar
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Increasing atomic number



Elements
and the
Periodic

Table

Properties of Groups
of Elements



There are millions and millions of different kinds of matter
(compounds) composed of the same 92 elements.

These elements are organized in a periodic table.

It iS Ca"ed “pel'iOdiC” because ? Periodic table of the elements 2He

1.0079 40028
- - hydrogen helium
there is a repeatin attern L[ "Bl 'c[~[olF R
. Li | Be Nonmetals B|C[N|O|F Ne
6941 90122 10.811 12011 14.007 15999 18,998 20180
lithium | beryllium boron carbon nitragen | oxygen fluorine neon
1 (12 Metals 13 (12 [15_ [16_ [12_ 18
Na|Mg D Si|P|S|Cl|Ar
229%0 24.305 26.982 28.086 30974 32065 35453 39948
sodium | magnesium| aluminum | silicon  [phosphoraus| suffur | chiorine | ‘argon

19 20 21 22 " 23 24 25 26 27 28 g 29 30 31 32 33 34 35 36

Cal|[Sc|Ti|V |Cr|Mn|Fe|Co|Ni|Cu|Zn|Ga|Ge|As|Se|Br

39,098 40078 44956 47.867 50842 51.996 54938 55.845 58933 58,693 63546 6538 69.723 7261 79.922 7896 79.904 83.80

potassium | calcium | | scandium | titanium | vanadium | chromium |manganese| iren cobalt | mickel | copper | zinc | galium [germanium| amsenic | selenium | bromine | krypton
4 4 42 43 9 50 54

3z 38 44 45 46 47 48 51 52 53
Rb|Sr| Y |Zr |Nb/Mo| Tc |[Ru|Rh|Pd|Ag|Cd|In |Sn|Sb|Te| I |Xe
85468 8762 88906 91,224 92905 95.06 (98) 1007 10231 106.42 107.87 1241 114.82 1871 12176 12760 12690 13129
rubidium | strontium yttrium | zireonium | niobium il ruthenium | rhodium | palladium siver cadmium | indium tin antimony | tellurium iodine xenon
585 56 71 22 73 74 75 76 7 8 9 80 81 82 83 E 84 85 86
Lu|Hf [ Ta| W |Re|Os Pt (Au|Hg| Tl | Pb| Bi | Po | At |Rn
1291 | 13 17457 | 17049 | 10085 | 10004 | 10621 | 19020 | 19232 | 19500 | 19697 | 200558 | 20430 | 2072 | 20080 | @osi | @ | (3w
cesium | barium [ | iutetiom | hafnium | tantalum | wngsten | enium | osmium | iridium | piatinum | gold | mercury | thalium | lead | bismuth | polonium | astatine | radon
87 88 103 [104 (105 [106 107 108 109 110 (111 112 (113 114 (115 [116 118
Fr [Ra || Lr | Rf | Db| Sg | Bh | Hs | Mt | Ds | Rg (Uub| Uut|Uuq|Uup|Uuhl Uuo
@23 | ) @2 | @en | (o8 | @m | @2 | @o | @e | @y | @) | @ | @8y | @8y | sy | @3 (29)
francium | radium | |lawrencium [ntherfordium| clubnium |seabosgium| bohrium | hassium | meitnerium armstartiumjroentgenium) ununbium | ununtrium jnunquatiunjunurpentivmjununbexiom| snunoctium|

59 60 61 62 64 €5 66 67 68 69 70

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

1091 [ 1442s | (as) | 15036 | 15196 | 15725 | 1sm93 | 16250 | 16493 | 16726 | 16893 | 17306
somarium | ervopium |gadolinium | terbum [dysprosium| holmium | eroium | thullum | yitertium
91 92 93 94 95 96 97 28 29 100 (101 102

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

23104 | 23803 | (237) (244) (243) (247} (247) (251) (@52) @57) | (258) (259}
actinum | thorium _|protactinium{ uranium | neptunium | piutonium | americium | cuiium | berkelium | cali fermium_endeleviun| nobelium




There are millions and millions of different kinds of matter
(compounds) composed of the same 92 elements.

These elements are organized in a periodic table.

It is called “periodic” because |4 Periodic table of the elements

zzzzzz

there is a repeating pattern. Li B [ Nonmetats B ¢

Elements that belong to the
same column have similar
chemical properties.

Here, we are going to go over

these groups of elements




Periodic table of the elements

' Alkali metals "t C -
|_| Metals 111 “Si

26,982 28086
aluminum | silicon

21 23 24 25 27 29 30 31 32 33 34

&8 V [‘Cr [Mn| Fe |Co [ Ni |'Cu[Zn [Ga | Ge |'As | Se

44955 50.542 54938 E55.845 58.933 69.723 7261 78.96
scandium vanadium manganese|  iron cobalt nickel galium  |germanium selenium

35 41 42 43 44 45 46 47 48 49 50 51 52
Nb|Mo| Tc |Ru|Rh|Pd|Ag|Cd| In |Sn|Sb | Te
EBO06 | 91.224 | 92005 95.96 (98) 101.07 10642 107.27 114.82 11871 121.76 127.60
yttrium | zirconium | niobium technetiurn | ruthenium palladium | siver indium tin antimany | tellurium
71 72 73 14 5 76 77 i8 19 80 81 82 83 |84
Lu | Hf [ Ta|W|Re|Os| Ir | Pt |Au|Hg| Tl | Pb| Bi | Po
174.97 17049 100.95 10621 180.2] 189232 195.00 196,97 | 200559 | 20430 2072 200.50 (208}
lutetium | hafnium | tantalum rhenium | osmium | iridium | platinum qold mercury | thallium lead bismuth | polonium
103 (104 (105 (106 (107 (108 (109 (110 (111 [112 113 |114 (115 |116

Lr | Rf | Db| Sg | Bh | Hs | Mt | Ds | Rg |Uub| Uut|Uug|Uup|Uuh|

62) | (267) | (268) | @7 | @72 | @or | @e | @8y | @sg | @85 | @sg | (89 | (88 | 93]
lawrencum |rutherfordmm| dubnivm borgium| bohrium | hassium | meitnerum jdarmstadtium|roentgenium| ununbivm | ununtrium p i pentiumjununhexium

57 58 59 61 62 64 65 66 68 69 70

La|Ce | Pr |Nd|Pm|Sm|Eu Dy | Ho| Er | Tm| Yb

13891 14091 | 14424 | (145) 15036 | 15196 | 157.35 162.50 | 164.93 168.93 | 173.06
lanthanum |praseodymium|needymiumjpromethium| samarium | ervopium | gadelinium dysprosium | helmium thulium | ytterbium

89 20 22 93 94 95 96 97 28 29 100 |101 102

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

(227) 23104 233,03 (237) 1244) {243) {247) (251) (252) {258) (259}
actimium protactiniuny  wranium | neptunium | phutonium | americium | curium californium | einsteinium prendelesium nobelium




Periodic table of the elements 2=He

4.0028
helium

Alkaline earth metals - |
I All Si

26,982 28086
aluminum | silicon

21 23 24 25 27 29 30 31 32 33 34

&8 V [‘Cr [Mn| Fe |Co [ Ni |'Cu[Zn [Ga | Ge |'As | Se

44955 50.542 54938 E55.845 58.933 69.723 7261 79.922 78.96
scandium | titanium | vanadium manganese|  iron cobalt nickel galium  |germanium| arsenic | selenium

35 40 41 42 43 44 45 46 47 48 49 50 51 52
Zr (Nb|(Mo| Tc |[Ru|Rh|Pd | Ag |Cd| In | Sn | Sb | Te
EBO06 | 91.224 | 92005 95.96 (98) 101.07 10642 107.27 114,82 11871 12176 127.60
yttrium | zrconium | miohium technetium | ruthenium palladium silver indium tin antimany | tellurium
71 72 73 14 5 76 77 i8 19 80 81 82 83 |84
Lu Hf | Ta|W |Re|Os|Ir | Pt |Au|Hg| Tl | Pb| Bi | Po

17497 17049 10095 106.21 150.21 19232 195.00 196.57 200559 204,30 2072 200.50 {208}

lutetium | hafnium | tantalum rhenium | osmium | iridium | platinum qold mercury | thallium lead bismuth | polonium
103 (104 (105 (106 (107 (108 (109 (110 (111 [112 113 |114 (115 |116

Lr | Rf | Db| Sg | Bh | Hs | Mt | Ds | Rg |Uub| Uut|Uug|Uup|Uuh|

62) | (267) | (268) | @7 | @72 | @or | @e | @8y | @sg | @85 | @sg | (89 | (88 | 93]
lawrencum |rutherfordmm| dubnivm borgium| bohrium | hassium | meitnerum jdarmstadtium|roentgenium| ununbivm | ununtrium p i pentiumjununhexium

57 58 59 61 62 64 65 66 68 69 70

La|Ce | Pr |Nd|Pm|Sm|Eu Dy | Ho| Er | Tm| Yb

13801 | 14002 | 14091 | 14424 | (145) 15036 | 15196 | 157.35 162.50 | 164.93 168.93 | 173.06
lanthanum | cerium  |prseedymiumineodymiumjpremethium| samarium | eruopium | gadolinium dysprosium | helmium thulium | ytterbium

89 20 22 93 94 95 96 97 28 29 100 |101 102

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

(227} 232.04 23104 233,03 (237} {244) (243) (247) (251) (252) {258) (259}
actinium | thorium  [protactiniuny uranium | neptunium | plutenium | americium | curium californium | einsteinium prendelesium nobelium




Transition metals

21 22 (23 24 25 26 27 28 |29 30
Sc| Ti|V Mn| Fe | Co | N1 Zn
44956 | 47867 | 50842 | 51996 | 54938 | 55845 58833 | 58693 | 63546 6538
scandium | titanium | vanadium | chromium |manganese|  ion cobalt nickel copper zinG.
39 40 41 42 43 44 45 46 47 48
Y | Zr |Nb|Mo| Tc |Ru|Rh| Pd
£8.905 91,224 92,905 95.96 (98) 101.07 102.91 106,42 107 87 11241
yttium | zdirconium | niobium  [molybdenum| technetium | ruthenium | rhodium | palladium slver cadmium
71 72 73 74 15 76 17 18 79 80
Lu|Hf [Ta| W |Re|Os Pt | Au|Hg
174.97 17049 100.85 103.04 106.21 120.27 192.22 195.00 196.97 200559
lutetium | hafnium | tantalum | tungsten | rhenium | osmium | iridium | platinum qold Mercury
103 (104 (105 (106 |107 (108 (109 |110 [111 |112
Lr Db | Sg | Bh | Hs | Mt | Ds
1262) (267) (268) (271) (272 (270) (276) (281)
H - - " ) L f




Periodic table of the elements

9
Nonmetals F

18.995
flucrine

12 Metals a 1'*}1]

24305

. Carbon, nitrogen, and oxygen

39,098 40.078 44955 47.867 50.542 51.996 54938 E55.845 58.933 63.546 6538 69.723 7261 79.922 78.96 79.904
potassium | calcium scandium | titanium | vanadium | chromium |manganese|  iron cobalt n|ck.el copper zing gelium  |germanium| arsenic | selenium | bromine

3z 38 35 40 41 42 43 44 45 46 47 48 49 50 51 52 53

Rb|Sr|| Y |Zr | Nb/Mo|Tc|Ru|/Rh|Pd|Ag|Cd| In |Sn|Sb|Te

85468 | 8762 88906 | 91224 | 92006 | 9596 (98) 10107 | 10291 | 10642 | 10787 | 11241 | 11482 | 187 12176 | 12760 | 12690
rubidium | strontium yttrium | zirconium | niobium  molybdenumtechnetium | ruthenium | rhodium | palladium | siver | cadmium | indium tin antimany | tellurium | iodine

55 56 71 12 73 74 15 76 77 8 19 8o 81

82 (83 (83 (85
Cs|Ba||Lu|Hf | Ta| W |Re|Os| Ir | Pt |Au|Hg| Tl | Pb| Bi | Po | At

17049 .90 10304 10621 180.2] 189232 195.00 196,97 | 200559 | 20430 200.50 (208}
hafnium tungsten | rhenivm | osmium | iridium | platinum qold mercury | thallium lead bismuth | polonium

as 103 (104 106 |107 |108 (109 |110 (111 (112 113 115 |116

“Fr Ra|| Lr | Rf | Db| Sg | Bh | Hs | Mt | Ds | Rg [Uub| Uut|Uug|Uup|Uuh|

(267) em | @2 | wo | e | ey | eag | @8 | ese (288) | (293)
radium lawrencium |rutherfordum i borgium { hassium | mettnerium jdarmstadtium|roentgenium| ununbium | ununtrium i pentiumjununhexium

57 58 59 61 62 63 64 65 66 67 68 69 70

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

13891 3 14091 (145) 15036 | 15196 | 15735 162.50 | 164.93 168.93 | 173.06
lanthanum |praseodymium| promethium| samarium | ervopium |gadelinium dysprosium | helmium thulium | ytterbium

89 20 91 93 94 95 96 97 98 99 100 |101 |102

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

(227) 231.04 (237) 1244) {243) {247) (2571) (252) (258) (259}
actimium protactiniuny  wranium | neptunium | phutonium | americium | curium californium | einsteinium prendelesium nobelium




Periodic table of the elements H al O g en S {e

5 6 8
Nonmetals B|C

10.811
boran

12 Metals 13 14
Al | Si

24.305 26,982 28086
magnesium| aluminum |  silicon

20 21 22 123 24 25 26 28 |29 30 31 32

Ca|/Sc|Ti|V |Cr Mn|Fe Co|Ni|Cu|Zn|Ga|Ge
39,098 40.078 44955 50.542 54938 E55.845 58.693 69.723 7261
potassium | calcium scandium vanadium manganese|  iron nickel galium  |germanium

3z 38 39 40 41 42 43 44 45 46 47 48 49 50
Rb|Sr|| Y |Zr |[Nb/Mo|Tc|Ru/ Rh|Pd|Ag|Cd| In | Sn

85468 3762 B8.906 91,224 92,905 95.96 (98) 101.07 107 &7 114.82 1171

rubidium | strontium yttrium | zirconium | niobium technetiurn | ruthenium palladium | siver indium tin

55 56 71 72 73 14 5 76 77 i8 19 80 81 82 83
Cs|Ba| Lu|Hf Ta|W Re|Os| Ir | Pt |Au|Hg| Tl | Pb| Bi
1323 17497 17049 10095 106.21 150.21 19232 195,00 196.57 200559 204,30 2072 200.50
cesium lutetium | hafnium | tantalum rhenium | osmium | iridium | platinum qold mercury | thallium lead bismuth

as 103 (104 (105 (106 (107 (108 (109 110 (111 |112 113 (114 |115

“Fr Ra|| Lr | Rf | Db| Sg | Bh | Hs | Mt | Ds | Rg [Uub| Uut|/Uuq|Uup

(223) @62) | (67) | (208) | @7 | @2 | @or | @e | @8y | @sg | @85 | @sg | (89 | (88
francium | radium lawrencum |rutherfordmm| dubnivm borgium| bohrium | hassium | meitnerum jdarmstadtium|roentgenium| ununbivm | ununtrium p i pentiumjununhexium

57 58 59 61 62 64 65 66 68 69

La|Ce | Pr |Nd|Pm|Sm|Eu Dy | Ho| Er | Tm| Yb

13891 14091 | 14424 | (145) 15036 | 15196 | 157.35 162.50 | 164.93 168.93
lanthanum |praseodymium|needymiumjpromethium| samarium | ervopium | gadelinium dysprosium | helmium thulium | ytterbium

89 20 22 93 94 95 96 97 28 29 100 |101 102

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

(227) 23104 233,03 (237) 1244) {243) {247) (251) (252) {258) (259}
actimium protactiniuny  wranium | neptunium | phutonium | americium | curium californium | einsteinium prendelesium nobelium




12

24,305
magnesium

Periodic table of the elements

Metals

AT

]

P

venme: NODI@ gases

masmig

13

26,982
aluminum

14
Si

28086
silicon

30,974
phosphorous,

Ca

40.078
calcium

21

Sc

44955
scandium

Ti

23

A\

50.542
vanadium

24 25

Cr |[Mn

54938
Marganese

26
Fe

E55.845
iron

8
Ni [ Cu

nickel

30

Zn

31

69.723
galium

32

Ge

7261
germanium

33

As

85468
rubidium

3762
strontium

35

£8.906
yrtrium

40

Zr

91,224
zirconium

41

Nb

92,005
niobium

42 43
Mo| Tc
0506 (98)
technetium

44

Ru | Rh
101.07
ruthenium

45 4

47

6
Pd

107.87
palladium | siver

48

Cd

49

114.82
indium

50
In | Sn

1171
tin

51

Sb

121.76
antimany

Cs

1329
cesium

Ba

71
Lu
174,97
lutetium

72
Hf
17049
hafnium

73
Ta
100.95

tantalum

74 15

W [Re

106.21
rhenium

76
190,21 192322
osmiLm iridium

77 i8 19
Pt | Au
195.00 196.97
platinum qold

80
Hg

200559
MErcury

81

Tl

204.30
thallium

82
Pb

a3
.
Bi
200.50
b smuth

polonium

87
Fr

(223}
francium

Ra

radium

103

Lr

(262)

lawrencium

104

(267)
rutherfordmm

Db

(268]
dubnium

106 |107
Sg | Bh

271) (272}
borgium| bohrium

108 (109 (110 |11

Hs | Mt

(270) (276)
hassium | meitneriumn jd

Ds

(281) | (280
armstadtium|roentgenium|

112

Uub

(285)
ununbium

113

Uut

(284}
ununtrium

1

114

Uuq

(289)

115 |116

Uup|Uuh|

(288)

{293)
nunhexium

La

138.91

lanthanum

Ce

14091 144.24

61 62

Pr‘ItIdeSm

(145) | 15038

|praseodymium|needymiumjgromethium| samarium

63
Eu
15196

eruopium |gadelinium

64

15735

162.50

dysprosium

67
Dy | Ho| Er

16493

helmium

168.93
thulium

Tm| Yb

173.06

ytterbium

Ac

(227)
actinium

91
Th|Pa| U

231.04 238.03
protactiniuny  uranium

Np| Pu
(237) 244)
neptunium | plutenium

243)
americium

Am|Cm| Bk

(247)
CUFINY

97

Cf

(251)

Es

{252)

califarnium |einsteinium

100
Fm

Md

(258)
nendeleviu

No

(259)
nobelium




138.0
lanthanum

Cs*

Fr*

cerium

ible

25
Mn

54.938

Tanganese

43
Tc

(D8]

technetium

15
Re
106.21

rhenium

107

Bh

(272}

bohrium

of the ele

Nonm

Metal:

27‘ 2‘3.
Co |1

Fe
55.845

Mm 'q.;m- 46
Ru|Rh|F

101.07 100
ruthenium | rhadium

76 77 |78
Os Ir |1
190.21 192.22 1

_FWLT'logﬁ 1f
Mt | 1

2

14424

[prasecdymium|neodymi

&0
Nd

61 (|62 |6
Pm | Sm
(145) 150,36
imijpremethium| samarium

Ac

(227)
actinium

80 91
232,04 231.04
thorium  |protactiniu

92

U

233.03

uranium

93 94

Why do elements
In Group 1 have
the tendency to
form +1 ions?




Alkall metals

Electron configuration

Alkali metals have a single electron in the highest unfilled energy level.

/T

15, 2s%,2p°(3s' 1s%, 2s%,2p°, 3s°,3p° (4’
S P S P d
—— 00000
Pt COO0000000:
—S5=000000- £50
FoHO00000:
SoR S
-@® RCC

Sodium: 11 electrons Potassium: 19 electrons



2:1 ratio with oxygen
L1 @@ Li
L1,0
Nal O Na
Na,O

K (0 K
K,0

Alkall metals
1:1 ratio with chlorine
L1 Cl
LiCl

Na Cl
NaCl

K ).Cl
KCl

We will see why this happens after we discuss oxygen and chlorine.



i( Bez+ the ele

Why do elements
In Group 2 have
the tendency to
form +2 ions?

= o
m|Sm
140.12 45) 150.36
lanthanum | cerium  |prsecdymium|necdymium|jpromethium| sar
89 80 91 92
(227) 232,04 231.04 238.03 (237} (2
actimium tharium  |protactiniu uranium | meptunium | phutor




Electron configuration

Energy

Alkaline earth metals

Alkaline earth metals have two electrons in the highest unfilled

energy Ieve|/

152,®

Beryllium: 4 electrons

1s%, 2s%,2p°,3s°,3p° [45°
S P d

—o® 9.0,0,0.0.,0,0,0,0.0;

—=—©©EEEee

—€exe
Calcium: 20 electrons




1:1 ratio with oxygen
Bel O
BeO

Mg O
MgO

CalO
CaO

Alkaline earth metals

1:2 ratio with chlorine
Cl Be Cl
BeCl2

Cl Mg Cl
Mg(Cl,

Cl Cca Cl
CaCl,

We will see why this happens after we discuss oxygen and chlorine.



21 22 (23 24 25 26 27 28 |29 30
Sc| Ti|V Mn| Fe Ni Zn
44956 | 47867 | 50842 | 51996 | 54938 | 55845 58833 | 58693 | 63546 6538
scandium | titanium | vanadium | chromium |manganese|  ion cobalt nickel copper zinG.
39 40 41 42 43 44 45 46 47 48
Y | Zr |[Nb|Mo| Tc | Ru Pd
£8.905 91,224 92,905 95.96 (98) 101.07 102.91 106,42 107 87 11241
yttium | zdirconium | niobium  [molybdenum| technetium | ruthenium | rhodium | palladium slver cadmium
71 72 73 74 15 76 17 18 79 80
Lu|Hf [Ta| W |Re|Os Pt | Au|Hg
174.97 17049 100.85 103.04 106.21 120.27 192.22 195.00 196.97 200559
lutetium | hafnium | tantalum | tungsten | rhenium | osmium | iridium | platinum qold Mercury
103 (104 (105 (106 |107 (108 (109 |110 [111 |112
Lr Db | Sg | Bh | Hs | Mt | Ds
1262) (267) (268) (271) (272 (270) (276) (281)
H - - " ) L f

Transition metals
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Transition metals

Periodic table showing which orbital typically contains
the highest energy electrons for that element

d

f
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l\ Normally the rare earth metals are pulled out and
placed below the rest of the table to make the table
more compact. This is only done to save space.

Note how the 3p orbital gets filled before 3d

~N O bk WY

~N ook WY

~N g, WY

Nk WY =




Electron configuration

Energy

Transition metals

Transition metals all have electrons in partly filled d orbitals.

T~

1s*, 2s%,2p°, 3s%,3p°, 4s%,3d"°, 557,

1s?, 2s%,2p°, 35

S P

,3p°%, 45,

3d°
d
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ee-eEee e OO0

——©©eeee®
4}@©@©@©e

—55-0©©eee
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Iron: 26 electrons

S P

d
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Silver: 47 electrons



Transition metals

Bonding properties are complicated. For bonding with oxygen:

1:1, 2:3, 3:4 ratios for iron 2:1 ratio for silver

Silver it
tarnish

Rust (Fezo3)



of the elements

Extremely important elements " o b
to be discussed separately |

13
6 2z (28 _[29 [30 [31_ [32_ (33 [34
Fe Co/ Ni|Cu|Zn|Ga|Ge|As| Se
584 58.933 58.693 6538 69.723 7261 78.96
1 cobalt nickel zing galium  |germanium selenium

14 45 47 48 49 51

14 _ |15
S1| P

26,982 28.086

46 50 52
Ru Rh|Pd|Ag|Cd|In |Sn | Sb|Te

102.91 106,42 107 87 11241 114,82 11871 121.76 127.60
ium | thadium | palladium silver cadmiurm indium tin antimany | tellurium

{] 77 78 9 80 81 82 83 |84
Os| Ir | Pt |Au|Hg| T1 | Pb| Bi | Po
0. 192.22 195,00 19697 | 200559 | 204.00 2072 200.90 208}
um_| iridium platinum gold mercury | thallium lead bismuth | polanium

109 (110 [111 (112 (113 |[114 |[115 [116

I1s Mt | Ds | Rg |Uub| Uut|Uuq/Uup|Uuh

(276) [281) {280) (285) (284) (289) (288 (293)
ssium | mestnerium jdarmstadtium|roentgenium| ununbium | ununtrium i pentium jununhexi

m

61 62 63 64 65 66 67 68 69 70

Pm|Sm| Eu Dy |Ho| Er |Tm| Yb
1.45) 15036 | 15196 | 15735 [ 15893 | 16250 | 16493 16893 | 173.06
methium| samarium | ervepium | gadalinium| terbium | dysprosium| helmium thulium | ytterbium

93 94 95 96 28 29 100 |101 102

Np| Pu |Am|Cm| Bk | Cf | Es | Fm|Md|No

(244) (243) (247) 1247) (251) (252) {258) (259)
jun | phitonium | americium | curium | berkelium | californium | einsteinium pencelesiurm_nobelium

]




Energy

Carbon, nitrogen, oxygen

The electron structures makes these elements
very flexible in their chemistry.

1s?, 251@
S

Carbon: 6 electrons

Carbon can accept or
donate electrons



Carbon, nitrogen, oxygen

The electron structures makes these elements
very flexible in their chemistry.

1521 251@ 152' 252’2p3 152; 252’2p4
S S S

Energy

——000000-

——000000- ——000000-
00 ~00 —00
—ere=0.0.:0.0.0.,0 ———000000- ——000000-
=00 ~00 —00
55— ©©0000- — — @©©000- ~55-20ee00-
v —6e-2€e000 =
BCC -©® BOC

Carbon: 6 electrons Nitrogen: 7 electrons Oxygen: 8 electrons

Carbon can accept or
donate electrons

Nitrogen and oxygen tend to
accept electrons



of the elements

Nonmetals

Why do elements
In Group 17 have

Metals

26

the tendencyto

46
form =1 ions? Ru Rh|Pd|Ag

102.91 106,42
vium | rhodium | palladium

[6 77 78 )
Os| Ir | Pt Bi
0. 19222 195.00 f
m_| ridium platinum bismurth
Ril:] 109 110 115
Hs | Mt|Ds| Rg uq(Uup
(276) 281} (2800
s5ium | mestnerium jdarmstadtium{roentgenium|

200.50

(288)

61 62 63 64 67 68 70
Pm | Sm| Eu | Gd Dy |Ho| Er

1.45) 15036 | 15196 | 15735 162.50 | 16493
methium| samarium | ervepium | gadalinium| terbium | dysprosium| helmium thulium | ytterbium
93 94 95 96 97 28 29 100 |101 102
Np Pu|Am|Cm| Bk | Cf | Es |Fm|Md|No

(244) (243) (247) 1247) [251) (252) (258) (259}
1| putenium | americium | curium | berkelium | californium | einsteinium renclelesiur

173.06

L nobelium




Energy

Halogens

Halogens have a single open quantum state in the highest

energy p orbitV
1s?, 252@

S P
——000000-
050
—~~—000000~
=00
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Fluorine: 9 electrons

\

1s, 2s*,2p°, 3s°, 3p6,452,3d‘”@

S D d
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Bromine: 35 electrons




Halogens

In their pure forms:
Halogens form diatomic molecules (Cl,, F,)
They are highly reactive, and toxic to many organisms.

Chlorine

When combined with a metal:
The resulting compound is generally
an ionic salt.
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=
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< 4 ===
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Noble gases

2He
Elements in group 18 are called 5
“noble gases” because they do not 135&;
chemically bond with any of the af:“r
other elements. e
Why not? o
Rn
%
294




Energy

Noble gases

The highest energy levels are completely filled.

/

1s?, 252@
S

— 000000~
~00
—~~—000000-
—00

1s°, 2s7,2p°,3s”,3p°, 457, 3d’°,@
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Neon: 10 electrons
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Krypton: 36 electrons

Electrons in completely filled energy levels do not make bonds.



Bond formation

Remember: Electrons are responsible for bonding properties.

1 empty quantum state

Chlorine left in the highest unfilled ~ S0dium
S D energy level S D
——— 000000 000000
=00 ,/ S-RO0000-
———©@O@O ——OOO000~
YA A A —©0

Energy

—so-2eeeee-
e© erereeee—

ﬁ,-r_ eeeeee
1 single electron in ==

—©® the highest unfilled —©X®
energy level

Chlorine atom Sodium atom
17 electrons 11 electrons



Energy

Bond formation

By forming the ionic compound sodium chloride, both chloride
and sodium ions achieve a noble gas electron structure!

Chlorine Sodium

_Oo—oooooo— w

—=—eeeee’—
—0® eree-ee )

—.m.. e-e©eE
e© ererererere O e-exereere
—©®© —®
Chlorine atom Sodium atom
17 electrons 11 electrons

18 electrons like argon 10 electrons like neon



—©0O—
Hydrogen

1 single electron in the
highest unfilled energy level

Bond formation

e e=0.0.0.0.0.0
—00

% eeee e

—e®
—©®©

Oxygen

2 empty quantum states
left in the highest unfilled
enerqgy level

Can you form a molecule with hydrogen and oxygen atoms?



Bond formation

——0O00000-
=00

~ao0o0-  OXygen now has 10

—00 i
electrons, like neon
Each —se-eecece- ’
ach hydrogen atom donates -eeeeee- | (5 nople gas)

one electron to the oxygen atom

—@@®
Neon: 10 electrons

Water (H,O)
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Elements that belong to the same period in the periodic table have similar
chemical properties.

This is because they have similar electron configurations, and
electrons are responsible for bonding properties.

Water (H,O)

—~~—000000- —~—000000-
=00 - OO0

N

—Se—eeeeee- & ~000000-
wavem®,:0:.0,0,0.0: e eeeee® 50

—0O0
—O0 —©© —00
Hydrogen Oxygen Hydrogen

A noble gas electron structure is obtained through bond formation.



Elements
and the

Periodic
Table

Valence



Only the electrons in the highest unfilled energy level form chemical bonds.

Does that mean we don’t need to worry about electrons in
filled energy levels?

Water (H,O)

—~~000000- —~000000-
=00 OO

—.“'.'.'.g)—OO'OO'OO—
_OO—O'CV}OOO—_@@ eere-ee® =50

—O0 —©© —00
Hydrogen Oxygen Hydrogen




Only the electrons in the highest unfilled energy level form chemical bonds.

Does that mean we don’t need to worry about electrons in
filled energy levels?

Chambyy valence electrons: electrons in the highest unfilled energy
LEIIIS! level, responsible for making chemical bonds.




Energy

15999

4 2

Valence
electrons

Electrons in
filled energy
levels

O Oxygen and sulfur
oxgen belong to the same
S group in the

J 25| periodic table

Remember that elements
that belong to the same
group have similar chemical
properties!

Both have
6 valence
electrons

—se-eeeeee-
©® eeeeee®

BAC —©®
Sulfur: 16 electrons Oxygen: 8 electrons




Sulfur and oxygen have the same number of valence electrons.
They form similar chemical compounds.

Al Al

S S S Mg S
Aluminum sulfide Magnesium sulfide
ALS, MgS
Al Al M
D © @ g0
Aluminum oxide Magnesium oxide

ALO., MgO



Sulfur and oxygen have the same number of valence electrons.
They form similar chemical compounds.

S = S Na S Na
Carbon disulfide Sodium sulfide
CS, Na,S
O = C}: @) Na ' O Na

Carbon dioxide Sodium oxide

CO, Na,O



Determining valence electrons

17 Electron configuration chart
Cl 18 2s*, 25 3s*, S 4s’, 3d TENEN S5s’, 41d TS

35.453 2 4 10 12 18 20 30 36 38 48 54
chlorine Total number of electrons for full orbitals

1. Write down the electron configuration.



Determining valence electrons

17 Electron configuration chart
Cl [, 29, 2%, 35) 3%, ast, 34°, 4p°, 55, 4d°, 5p°

35.453 2 4 10 12 18 20 30 36 38 48 54
chlorine Total number of electrons for full orbitals

1. Write down the electron configuration.

Cl = 15%25°2p®3s23p°



12

Cl

35453
chlorine

Determining valence electrons

Electron configuration chart
18 2s*, 25 3s*, S 4s’, 3d TENEN S5s’, 41d TS

2 4 10 12 18 20 30 36 38 48 54
Total number of electrons for full orbitals

1. Write down the electron configuration.

2. Count how many electrons are in the highest s and p orbitals
(it should be between 1 and 8).

Cl = 15%2522p®3s23p°
S

Level 3 is the highest energy level



Determining valence electrons

12

Cl

35453
chlorine

Electron configuration chart

18 2s*, 25 3s*, S 4s’, 3d TENEN S5s’, 41d TS
2 4 10 12 18 20 30 36 38 48 54

Total number of electrons for full orbitals

1. Write down the electron configuration.

2. Count how many electrons are in the highest s and p orbitals
(it should be between 1 and 8).

3. These are the valence electrons.

2 + 5 = 7 valence electrons

t t
Cl = 15%2522p®3s23p°



Determining valence electrons

31 Electron configuration chart
Gal 1, 252, 2p°, 35, 3p°, as®, 3d°, 4p°, 55*, 4d°, 5p°

69.723 2 4 10 12 18 20 30 36 38 48 54
galium Total number of electrons for full orbitals

1. Write down the electron configuration.



Determining valence electrons

31 Electron configuration chart
Ga |lSz’ 252’ pr-, 3321 3P69 4523 3dm?| 4P6! 532, 4dm, Spﬁ

69.723 2 4 10 12 18 20 30 36 38 48 54
galium Total number of electrons for full orbitals

1. Write down the electron configuration.

Ga = 15%2522p©3s23p®4s23d194pt



31
Ga
69.723
galium

Determining valence electrons

Electron configuration chart
| 15, 2%, 2p°, 3s%, 3p°, 4s%, 34", 4p°, 5s°, 4d°, 5p°

2 4 10 12 18 20 30 36 38 48 54
Total number of electrons for full orbitals

1. Write down the electron configuration.

2. Count how many electrons are in the highest s and p orbitals
(it should be between 1 and 8).

Ga = 1522s%2p®3s23p°4s23d194p?
— -

Level 4 is the highest energy level



Determining valence electrons

Electron configuration chart

31
Ga | [ 25, 2p°, 3s', 3p%, 4s’, 3d°| 4p°, 55°, 4d°, 5p°

69.723 2 4 10 12 18 20 30 36 38 48 54
galium Total number of electrons for full orbitals

1. Write down the electron configuration.

2. Count how many electrons are in the highest s and p orbitals
(it should be between 1 and 8).

3. These are the valence electrons.

2 " 1 = 3 valence
4 electrons

t
Ga = 15%2522p©3s23p®4s23d194pt



Lewis dot diagram
Filled d orbitals do not contribute valence electrons!

Valence electrons for selenium

2 + 4 = 6 valence electrons

Energy

1s®, 2s°,2p°%, 3s%,3p°,45%,3d"’, 4 p’
Filled energy levels

Filled d orbital Selenium: 34 electrons






1
1A

1
H

2

Valence electrons

Main group elements

6

7

3
8A

2
He

Jooo | 2A 3A 4A 5A 6A TA | =
rogen hedium
3__|a 5 7 10

[i | Be T o | B N|O| F |[Nec
ransition metals 10811 14007 | 15999 | 18998 | 20180
lithium | beryllium boran nitrogen | oxygen fluarine negn
TR (valence electrons vary) 3 5 e 117 s

Na | Mg 8B Al P|S Ar
22,990 24,305 ’____,A..___.\ 16,962 30974 32,0685 35453 39943
sodium  |magnesium 3 B 4 B SB 6 B 7 B 1 B 2 B aluminum phosphorous|  sulfur chlarine argan
19 20 21 2 |23 24 27 29 £ 33 34 35 36

K|Ca [Sc|T1|V |[Cr Mn Fe Co Nl Cu Zn Ga As | Se | Br | Kr
39.008 40,078 44,956 47,867 50.942 51.998 54,938 55.845 58.933 58,693 63,546 65,38 69,723 79,922 7896 79,904 83.80
potassium | calcium scandium | titanium | vanadium | chramium [ manganese iron cobalt nickel COpOer zine galium arsenic | selenium | bromine kryptan
37 38 39 40 41 42 43 44 45 46 47 48 49 51 52 53 54

Rb|Sr || Y |Zr [Nb|Mo|Tc |Ru/Rh|Pd|Ag|Cd|| In Sb|Te| I |Xe
B3.468 B7.62 EB.206 91.224 92.906 9596 (98] 101.07 10291 10542 107.87 11241 11482 121.76 12760 126.90 131.29
rubidium | strontiem yttrium | zirconium | miobium  |molybdenum| technetium | ruthenium | rhodium | palladium 5||ver cadmium indium antimony | tellurium indine HENDN
55 56 7 72 73 74 75 76 17 78 80 81 83 (B4 85 86

Cs |Ba| |Lu|Hf Ta|W |Re|Os| r Pt |Au Hg Bi | Po | At | Rn
132.0 137.33 174.97 17849 180,95 183,84 186.21 190,23 19222 165,08 196,97 200,555 204,38 208,498 {209) (210) {222
cesium barium lutetium | hafnium | tantalum | tungsten | rhenium | osmium irium platinum gold METCury thallium bismuth | polonium | astating radan




1
1A

2

Valence electr:

1H Main group el
o | 2R
3 4
h‘ m - -
son | ooz Transition metals
lithium | berylium
n 2 (valence electrons vary)
Na | Mg
i L) 3B 4B 5B 6B 7B —
19 |20 2 (B |4 [
K | Ca Sc TL | V | Cr Mn lc
39.008 40,078 44,956 47 867 50,942 51.99¢
potassium | calcium scandium | titanium | vanadium | chromium [mangans
7 38 39 40 41 42
Sr || Y |Zr |[Nb|Mo Te }\u
B5.468 B7bl EB.206 91.224 92.906 9596 J-:S
rubidium | strontiem yttrium | zirconium | miobium  [molybdenum| techn
55 56 71 72 73 74
Ba||Lu Hf | Ta| W Re (_)5
13201 137.33 174.97 17849 180,95 183,84 B6.2 10,2
cesium barium lutetium | hafnium | tantalum | wngsten hanium I

How many valence
electrons does
magnesium (Mg) have?



H
1.0079 2A

hydrogen
3 4

6.941 90122
lithium

22.994

()
1A

Valence elect

Main group ¢

Transition metals

(valence electrons vary

How many valence
electrons does
magnesium (Mg) have?

sodium
19 : 21 12 23 24 25 26 ,
- 1 1
K|[Ca|l|Sc|T1|V |Cr | Mn le
39.008 40,078 44,956 47 867 50.942 51.99¢ 549318 5 5.5
potassium | calcium scandium | titanium | vanadium | chromium [manganes |
37 38 39 40 a1 42 43 44
_ )
Sr|| Y |Zr |Nb|Mo| Tc | Ru
B5.468 B7.62 EB.206 91.224 92.906 9596 (98] :
rubidium | strontium yitrium | zirconium | niabium |melybdenum technetium | ruther
55 56 71 72 73 74 75 76 |73
Cs|Ba||Lu|Hf | Ta| W |Re Os
132.9 137.33 174.97¢ 178.4% 180,95 183,84 H6.21 |
cesium barium lutetium hafnium | tantalum | tungsts henium I

=~ Mg is a group 2A element.

It has 2 valence electrons



8A How many valence electrons

g does carbon have?
3A 4A 5A B6A TA | =

5 6 7 8 9 10
B|C N | O|F Ne
10.81 12011 14,007 15.099 18.998 20.180
boror carban nitroger 0y fluori neon
13 15 16 17 18

14
Al|Si| P|S |C|Ar
)B 16962 | 28086 | 30974 | 32.06f 9.946
- aluminum silicon nosphorous)  sulfur

phosp ¢ | chlorine argon
29 30 31 32 33 34 35 36
1, F 1. Al
Cu|lZn||Ga|Ge|As| Se | Br | Kr
65,38 68,723 7261 79.922 7B.96 79.904 83.80
poer | L 3al germanium | arsenic | se lenium | bromine | krypt
47 48 49 50 51 52 53 54
Ag Cd||In|{Sn |Sb|Te| I | Xe
11241 114.82 118.71 121.76 127.60 126.30 31.29
admiu indium tin antimony | tellurium iodine | xenon
80 81 82 83 . B4 85 86
Au | Hg|| T1 | Pb| Bi | Po| At | Rn
il 104,38 207.2 208,98 | 209) {210) {222
Iy thalium oad [ I palan 1stati |

Cnanmigiry
LETIIIS]

Lewis dot diagram: a diagram showing one dot for each
valence electron an atom has, these dots surround the
element symbol of the atom.




3@5 6 7 8 : :
3A Lewis dot diagram for carbon

He
3A 5A 6A 7A | :w P
5 6 8 ) 10
C IN|O| F |Nc
1 12011 A4.007 15.999 18.998 20180
" —rt TR 1:rr|'JG 18 ® ®

16,982 a9
28 aluminum | silicon hasphorous) argon
3 32 33 34 35 36 .

?E_‘u qel,n Ga Ge As Se | Br | Kr
_'?:. .48 : 4; - 5“[;'"‘ 5]---. 52 : 53 : 54 2 2 2
Ag|Cd | In|Sn|Sb|Tel I | Xe s72s72p
e | o | | |t ooy e {_ e 4 valence electrons
Au|Hg|| Tl |Pb| Bi | Po| At | Rn

Qhamb.w Lewis dot diagram: a diagram showing one dot for each
LE1JI15] valence electron an atom has, these dots surround the
element symbol of the atom.




Lewis dot diagram

Lewis dot (o Same number of valence electrons -
diagram —H causes similar bonding patterns He
With OX en 'l. L L] [ ] L X [ X ] L Y [ X ]
Drhydrggen Li | Be. .B' '9' "N -9: ..F.: :I\.I?:
Li,0 | BeO B,0,| CO, [N,O, | HO [ HF | nla
Na | Mg. Al. | *Si. | *P. | °S: [ *Cl: [ :Ar:
Na,O | MgO ALO,| SiO, | P,O, | H,S | HCI n/a
K | Ca. Ga.|"Ge.|*As.|*Se: | Br: | :Kr:
KZO CaO Ga203 Ges{:!2 Asz(IJ5 ste HBr n!a.;.______in dicates
Rb [ Sr. In. [*Sn.|*Sb.| Te:| *1: |:Xe:| N reaction
Rb,0 | SrO In,O, | SnO, (Sb,0,| H,Te Hi n/a




Lewis dot diagram

Lewis dot diagrams

Li *Be *Be +Ce N+ 30+ :F: sNes
1 2 3 4 5 6 7 8

Valence electrons

Valence electrons are the most loosely bound electrons in an atom.
They are easiest to share or transfer.



Lewis dot diagrams

Li *Be *Be +Ce Ne 30+ :F: oNes
1 2 3 4 5 6 7 8

Valence electrons

Valence electrons are the most loosely bound electrons in an atom.
They are easiest to share or transfer.

Is the periodic table just an organizational system?

Can it be used as a tool?



[ 2 Elements from the same group (column)
have similar chemical properties,

so they interact with neighboring atoms in a
similar way.

3B

21

Sc
E
'fi[ N Normal glass can be made stronger by
= replacing Na with K on its surface




- Elements that belong to the same group Iin the
periodic table have the same number of valence
electrons

- Only valence electrons are involved in
chemical bonding

- The Lewis dot diagram is a way to show
valence electrons for an atom

o ‘ @
Lewis dot

. e
diagram

for carbon §225%2p?
4 valence electrons

Carbon has
4 valence electrons




