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NEVAGUITCEDES

Element % by mole
Hydrogen 63.0
Oxygen 26.0
Carbon 90
Nitrogen 1.25
Calcium 0.25
Phosphorus 0.19
Potassium 0.06
Sulfur 0.06
Sodium 0.04
Chlorine 0.025
Magnesium 0.013
, Iron 0.00004
\,\ v‘;.-‘f'; Todine 0.000002
Ty (e

99% of atoms in
a human body
come from only
4 elements
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NEVAGUICEPLS

Essential elements

e . He
. : macronutrients —
e trace elements 5 Q_N*LO_iNe
Na | Mg AlSiPljS Cl | Ar
K |Ca|Sc TiVCrMnFeCoNiCuZnGaGeAsi Br | Kr
Rb|Sr|Y |Zr |Nb|Mo| Tc |Ru|Rh|Pd|Ag Cd|In [Sn|Sb | Te| I Xe
Cs|Ba|Lu|Hf [ Ta| W |Re|Os| Ir | Pt |[Au|Hg| Tl |Pb| Bi | Po | At |Rn
Fr |Ra Lr | Rf |Db| Sg |Bh|Hs| Mt | Ds|Rg Uub| Uut ’Uuq Uup Uuh Uuo
W macronutrients: elements needed in large quantities by
s | your body.

trace elements: elements that are needed in very small
guantities to maintain optimum health.
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Metals, nonmetals and metalloids
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What does “periodic” in “periodic table” mean?
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460 — 370 BC 1808 1870 1897 1910 1925 Today
mE o | I 4
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.

D

Protons and atomic numbers were not discovered yet. Dimitri Mendeleev
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Mendeleev uses density (a physical property) of atoms,
and organizes them in order of increasing atomic mass.

14

2 There is a pattern! Ry

12

=
o =

Density (g/cm3)

O = N W H U1 O N O WO

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
Atomic mass (amu)
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The periodic table
contains patterns
that repeat at
regular intervals

)
=
o

Density (g/cm3
O = N W H U1 OO N O WO

0O 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
Atomic mass (amu)

@hQJﬂBINj periodic: repeating at regular intervals.
LETIIS]
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Atomic radius

.000”..
Al Si

e P S CI Ar
0 11 12 13 14 15 16 17 18

Increasing atomic number -

Like for density, there is a repeating pattern
In atomic radii.

.“0000
B C N O F
5 6 7 8 9

[
He Li Be
2 3 4

<
H
1

N
1
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NEY
Atomic radius

00000009
Na S Cl Ar
11 12 13 14 15 16 17 18

Relative atom size arranged 2 He
in a periodic table view

A new period

B [ ¢c |”TN [P0 |° F [Ne
< @ 9 (") @ @

A new period
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Atomic radius

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

He
Ne

Ar

Xe
Rn

Uuo
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Electronegativity

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

ow B I
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NEVAGUITCEPLS

lonization energy

lonization energy: the energy required to remove an
electron from an atom.

LI

Li [Be B |C
Na [Mg Al | Si
K |Ca|Sc|Ti |V |Cr MnlFe |Co Ni |Cul|Zn|Ga|Ge
Rb|Sr | Y |Zr INbMo|Tc |Ru |[Rh [Pd |Ag|Cd|In |Sn

Cs|Ba |Lu Hf |Ta (W Re |Os|Ir |Pt |Au|Hg| Tl |Pb
Fr |Ra |Lr |Rf |Db|Sg Bh [Hs [Mt | Ds |Rg |Uub| Uut|Uuqg|Uup|Uuh Uuo

low | 0 high
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General Periodic Trends

« Atomic and ionic size
 |lonization energy
« Electronegativity
Higher effective nuclear charge
Electrons held more tightly

-

Larger orbitals.
Electrons held less
tightly.

¥
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Increase

Atomic Size \ J

» Size goes UP on going down a group.

 Because electrons are added further
from the nucleus, there Is less attraction.
This Is due to additional energy levels

and the shielding effect. Each additional
energy level “shields” the electrons from
being pulled in toward the nucleus.

> Size goes DOWN on going across a
period.

Increase
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Atomic Size |

Size decreases across a period owing to

Increase in the positive charge from the
protons. Each added electron feels a
greater and greater + charge because the
protons are pulling in the same direction,
where the electrons are scattered.

@0 00000

Na, 186 Mg, 160 Al, 143 R b i P, 115 S, 104 CL, 99

Large Small

b
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e Na or K?
* Na or Mg ?
e Alorl?
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Ton Sizes |

—— Does the size go
. up or down

L1,152 pm :

3e and 3p when losing an

electron to form

a cation?
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Ion Sizes |
Forming a
Li,152 pm Li+, 78pm o0 |
3e and 3p 2eand 3p

» CATIONS are SMALLER than the
atoms from which they come.

* The electron/proton attraction has
gone UP and so size
DECREASES.
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Ton Sizes |

Does the size go up or
down when gaining an

-—-

F.64 pm electron to form an
anion?

9e and 9p

b 6.1 The Periodic Table



Ion Sizes |
. Fo_rming an
F, 71 pm F-, 133 pm anion: |
O9e and 9p 10eand 9p

ANIONS are LARGER than the atoms
from which they come.

The electron/proton attraction has gone
DOWN and so size INCREASES.

Trends In 1on sizes are the same as
atom sizes.

b
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Trends in Ion Sizes

g 2 Q O
Li*, 78 Be?, 34 .

NE- 146 02, 140 F-, 133
Na*, 98 Mg®, 79 AP, 57 ° o

S2- 184 Cl-, 181

. . . Se?, 191 Br-, 196
Rb*, 149 Sre+, 127 In3*, 92 o o
. . . TeZ, 211 I, 220

Cs*, 165 Ba2*, 143 T3+ 105

K* 133 Ca%*, 106 Ga*, 62

Figure 8.13
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Which is Bigger?

e ClorCIl ?
e K"orK?

« CaorCat?
e |-or Br ?
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Tonization Energy |
IE = energy required to remove an electron
from an atom (in the gas phase).

Mg (g) + 738 kd ---> Mg*

(9) +e-

Mg*

¢ wathea  Thisis called the FIRST

0am12an’ mov

lonization energy because

we removed only the
OUTERMOST electron

Mg*(g) + 1451 kJ ---> Mg?* (g) +

This is the SECOND IE.

b
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Trends in Ionization
i

* |E Increases across a
period because the positive
charge increases.

« Metals lose electrons more
easily than nonmetals.

« Nonmetals lose electrons
with difficulty (they like to
GAIN electrons).
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Trends in Ionization
 Eeerg—

* |[E Increases UP a ———
group ‘2

« Because size
Increases (Shielding
Effect)
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* Mg or Ca ?
e AlorS?
e CsorBa?
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clectronzgativity, o

°( 1s a measure of the ability of an atom in a
molecule to attract electrons to itself.

Concept proposed by
Linus Pauling
1901-1994

A Linus Pauling 1901-1994 (Thomas Hollyman/
Photo Researchers, Inc.) S

(#) UL ThC T Croulc -JO'E



* In a group: Atoms with fewer energy
levels can attract electrons better
(less shielding). So,
electronegativity increases UP a
group of elements.

* |In a period: More protons, while the
energy levels are the same, means
atoms can better attract electrons.
So, electronegativity increases

DIC ]
RV AY, * 6.1 The Periodic Table



H

1A 2A 2.1 3A 4A 5A 6A TA
li | Be B | C | N|O|F
1.0 | 1.5 20 125130 ] 35|40
Na | Mg 3B ALsi | P | s

0.9 | 1.2 | 3B 4B 5B 6B 7B - & - 1B 2B | 1.5 [ 1.8 | 2.1 | 25 | 3.0

K Ca 5cC Ti v Cr Mn Fe Co Mi Cu n ha Le As Se Br
0.8 [ 1.0 1 1.3 1.5 l.e | 1.6 | 1.5 l.a (1.2 118 [ 1.9 | 1.6 | 1.6 | 1.8 | 2.0 | 2.4 | 2.8

Rb ST i Ir Mb | Mo | Tc Ru Rh Fd | Ag Cd In 5N sh Te I
0.a (10112 (14 |16 (18 (1.9 | 22 | 2.2 22 | L9 |17 (1.7 1.8 (1.9 | 21|25

s | Ba | La | Hf | Ta | W (Re [ Os [ Ir | Pt [ Au | Hg | TL | Pb | B | Po | At
0y |09 1 1.1 )13 |15 1.7 19|22 | 2.2 | 2.2 | 2.4 [ 1.9 | 1.8 [ 1.8 [ 1.9 | 2.0 | 2.2

[ ]=<1.0 [ ]1.5-1.9 [ ]2.5-2.9
[ ]10-1.4 [ J2.0-2.4 [[]3.0-4.0

Figure 9.9 Electronegativity values for the elements according to Pauling. Trends for electroneqgativi-
ties are the opposite of the trends defining metallic character. Nonmetals have high values of electronega-
tivity, the metalloids have intermediate values, and the metals have low values.
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eForCl ?
eNaorK ?
eSnorl?
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The first periodic table

H20

|LizO BeO |[B.0s |[CO: |[N20s |[OH: |[FH [[Na20 |[MgO |[Al.0: |[SiO. |[P.0s

C:SO:-; CIH

CASzOs SeQs ||BrH ‘szo SrO ||Yt203 || ZrO2 ||[Nb20s [||[MoOs [|RuQs4

v

|
|K20 Ca0 [|TiO2||V20s [|CrO3 ||MnH [|FeOa4 ||CoOa4 ||CUZO Zn0O
|

U

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

/ Pattern repeats \

[Li:0][BeO
/
[K:0][Ca0

H20

‘ Na-0 |[Mgo]

[Cu:0][zno ]

‘ 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!
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The first periodic table

Oxides and hydrides sorted into rows:

H20
Li2O| |BeO| [B20s3| |COz2| |N20s OH: FH
Na:0| [MgO | [Al203| |SiO2]| |P20s S0s CIH
K20 | |CaO TiO2| |V20s| |[CrOs| |MnH| |FeOa||Co0Oa4
Cu0| [ZnO As:0s| |SeOs| (BrH
Rb20 ([ [SrO| |Yt203| |ZrOz2| [Nb20s| [MoOs RuOs4

The first periodic table as suggested by Mendeleev in 1869

b
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Mendeleev left empty spaces for elements not yet discovered

H20

Li20| [BeO| [B20s3 CO2 N20s OH:2 FH

Na:0| [Mgo] [ALCE] [§i0:] [P:0s] [50s| [CIH

K20| [CaO ‘ 1102 [V20s CrOs| [MnH| [FeOa4 |[CoO4
Cu0| |ZnO 2! As:0s| |SeOs| [BrH

Rb20| [SrO| [Yt203| |ZrOz2| INb20s| |[M0Os RuOs4

The first periodic table as suggested by Mendeleev in 1869

b
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NEVAGUICEPLS

Gallium was discovered 6 years later!

H20

Li20| [BeO| |B20s3| |CO2{ [N20s OH2 FH

Na20| |[MgO | |AlO3| |SiO2| [P20s SOs| |CIH

K20 |Cal l TiO2| |V20s CrOs| |MnH| [FeOas ||Co0O4
Cu20| [ZnO As:Os| (SeOs| [BrH

Rb20| [SrO| [Yt203| |ZrOz2| [Nb20s| [MoOs RuOa4

The first periodic table as suggested by Mendeleev in 1869

b
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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 1939.

/

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

b
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The modern periodic table

group 1 metals nonmetals group 18
1 —— ~ — g
EI [ ] alkali metals | |halogens He
1.007% 4.0028
hydrogen | 9roup 2 d noble gases group 13 group 14 group 15 group 18 group 17| halium
3 4 || alkaline earth metals %other ngonmetals = = = = = -
Li | Be [ ] transition metals B GCd Nal @dl F | Ne
6,941 9.0122 metalloids 1&811 ::_g;) ||4.007 15599 ;8.998 20.180
lithitm | beryllium ron n_ | niregen | oxygen uorine neon
12 (8 rare earth metals — — —  [13_ (14 [15_ |t6_ [17__ (18
Na | Mg || other metals || metalloids Al | St Bl .S Cl | Ar
22.990 24305 26.982 28086 | 30974 | 32065 35.453 39.948
sodium  |magnesium| Sroup3 group4 groupS groupB group? group8 group @ group 10 group 11 group 12| Gluminum | silicon phosgh sultur chiorine argon

19 20 21 22 23 24 25 28 27 28 29 30 3i 32 33 34 35 38

K|(Ca|[Sc|Ti|V |Cr|Mn|Fe|Co|Ni|Cu|Zn|Ga|Ge|As|Se|Br|Kr

39008 40078 44056 47 867 50942 51.996 54938 55.845 58933 58693 63546 6538 69,723 72461 79922 7896 79.904 8380
potagium | calcium scandium | titsneum | vanadium | chrami ganesc|  Iron cobalt aickict €OpEeT zinc golivm  |ge i asenic | selenium | bromine | hrypton

37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54

Sr||Y |Zr |Nb|/Mo| Te |Ru|/Rh|Pd|[Ag|Cd|In (Sn|Sb|Te| I |Xe

05460 07.62 00,906 F1.224 92.5900 9390 (50 100,07 10291 10642 10707 11241 11402 167 121.76 127.60 126.90 13129
rubidiom | strontium yttrim | zirconium b ybed tachaeti thend thodi palladi silver | cadm ndium fin antimony. | tellurium | jodine Kenon

55 56 71 72 73 74 5 76 717 78 79 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

13291 137.33 17497 17842 180.95 183.84 186.21 190,23 19222 195.08 19697 | 200559 | 20438 2072 20898 209) (210) (222)
cesium barium luteti hatni h tungsten | rhenium | osmium | iridium | platinum qgold mercy | thallium lead bismuth | polonsum | astatine radon
87 88 1103 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) {27 (272} (270} 276} 281 {280} (285) (284) (289} {288} {293) (294)
francium | radiom | |l ; herodium]  dubni boigi bk hassium | mestnenum darmstadii geniummi| bi ununtrium pnunguadumununpentiumi unumbeaam ununoctium)

57 58 59 60 61 62 63 64 65 66 67 68 69 70

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

13891 14012 | 14091 144,74 1145) 15036 | 15196 | 15725 | 15893 | 16250 | 16493 | 167.26 16893 | 17306
lanthanam | cerlum dom b neodymium| thiury erpopium |gadolinium | tebien [dysprosium| holmium | erbsom | thubum | yeeerblum

89 90 91 92 93 94 95 96 97 98 99 100 (101 (102

Ac | Th|Pa| U |Np| Pu|Am|Cm| Bk | Cf EsFdelNo

(227 23204 | 23108 | 23803 12370 (244) {243 (247} (247) {251 (252) (257} (258) 259
activium | thorium  protacti wanium | neptunium | plotoniuen | americium | curium | berkelium | caom insteinium| fermi
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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
e green 2s orbital

one electron
located in the
purple 2p orbital

Overlapping orbitals of boron

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

.. but orbitals also follow a pattern in the periodic table.

5
® %

L
ofe
P

¥ % 8
LR
eSS

d

b
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grove 1 metals nonmetals Py
1 2
IH || alkali metals | | halogens ITII?
:'d”,;;_,, group 2 (1] d |~—— nOble ases qu:':;‘p 13 group 14 l_'){rm;t' I.’\-qn}u;:- 16 »_qrnm;‘, 17 ,._,\:L;,_:
3[4 | _|alkaline earth metals L g s = = 8 5 to
|
| 5 Be || transition metals C NA O F Ne
l:,ht\_; :-:rl\I‘Ilu(m I | rare earth meta's EI e m e n t 3 ’;Flo_n* 7nl|‘rlo,lr 3 1:,::"7 f::_:ii -":'H'.;J
i1 12 o 14 15 116 17 18
Na | Mg || other metals # 117 St |.Bal Sil Cl | Ar
2299 | 24305 TR I - = 28086 | 30974 l 32065 | 35453 | 39948
sodium  |magnesium| Sroupd group4 groupd group B group m | silicon |phosphomus|  sulfur chiorine argon
i9 20 21 22 |23 24 25 ‘ h 32 33 34 35 38
K [Cal|[Se|Ti| V [Cr|Mn m|55|n9 €re€ \[Ge As|Se | Br[kr
39.058 40.078 44 956 47 867 50.942 51.996 54938 58933 | 58493 63546 6538 7 2461 79922 78,96 79.904 8380
potawsiom | calcium scandium | titsnsum | vanadium ch UM | Manganese Iron cobalt nicke copgor zinc ) 1 [germanium|  arsenic selenium | bromine hkrypton
37 38 39 40 141 ? 44 45 |46 47 48 51 152 53 54
Rb|Sr || Y |Zr|Nb Mo Ic |Ru/Rh| Pd In Sb|(Te| I [Xe
5.4 07.62 60,906 91224 92.900 (50 101,07 1029 10642 10702 11241 114,02 b 121.76 127.60 126.90 13129
rubidim trontum yitrien zirconium | niobium ! H num| techaetium | ruthendumn | rhodium | palladium | clu o cadmiien fium in c tellurium jodine Kenon
55 71 72 |73 74 76 77 |78 80 81 82 ‘
Cs Ba Lu|Hf | Ta| W Re Os| Ir | Pt | Au Hg Tl | Pb
13291 137.33 17497 17842 | 18095 183.84 186.21 190.23 19222 | 19508 ‘ 19697 ’5"‘ 20438 207.2 208.98
cesium barium lutetin | hafnium | tantalum | tungsten | thenium osimium Iridium phstinzim gold MEICIY thalfur ead oIS
87 5 88 103 104 105 106 107 108 109 (110 (111 112 113 114 115 |
Fr ([Ra|| Lr | Rf | Db Bh | Hs Mt Ds | Rg |Uub|Uut [Uug|{Uup|Uf
|'.’l cium l.,\i?\,;lzl la ;.iilr':-:,m: nfh‘u::i-:;mn'ﬁ dt‘ozb::-tlﬂ‘ e»‘.'ui)zc;'.'c;i’um b;f':fl.lﬂ '|:923;13:‘-: me lm\ A s HT::‘;:HI"‘ e '?)BIJm m |v|“uzr:3t:\i~:1| llrliﬁivvrl u.,:'v,i:bn U “H-uu ..m' ¥
57 58 59 60 61 62 63 64 |65 66 67 68
La|Ce| Pr ([Nd|Pm|Sm| Eu|Gd|Tb | Dy|Ho| Er
138,91 140,12 140.91 144,74 {145) 150,36 151.96 157.25 158.93 “ 162.50 16453 167.26 166893 173.06
lanthanam | cerum  forseodymium|neodvmiumiprenetisium samanum | ervogium |gadolinium | tebmen  fdysprosium| holmium erbum thukum | ytterblum
89 90 91 92 |93 94 95 96 ‘97 98 |99 100 101|102
Ac | Th | Pa Np| Pu |Am|Cm| Bk | Cf | Es |I'm Md No
227, 232,04 23104 | 23803 {2371 (244) {243} 1247} (247) | 2510 252 (257} [259)
Jctinium thorium  rotactiniamy  wanium | neptunium | plotonien | americium | - curium berkelium iux fomium [einsteinium| lermium e nd l um nabelium
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NEVAGUIICEDES

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!
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Summary

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

H2.0
Li.O BeO| |B203 CO: N20s OH: FH

Na20 | [MgO | [Al203| [SiOz2| |P20s SOs| |CIH

K20 CaO TiO2 V205 CrOz| IMnH| [FeOs4||Co0Oa4
Cu20| |ZnO As:0s| |1Se0Osz| |BrH
Rb20| |SrO| |Yt203| |ZrOz2| [Nb20s| |[MoO3 RuOa

The first periodic table as suggested by Mendeleev in 1869
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summary

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

000....
Na Al Si

P S CI Ar
12 13 14 15 16 17 18

Increasing atomic number -
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