November 04, 2014

The Periodic Table of the Elements

What are some observations you
made about the periodic table in
your activity?
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Mendeleev and the Periodic Table

« Dimitry Mendeleev put together the first periodic table
by organizing the 60 (then) known elements by their

Mass.

> When organized, he saw repeating patterns of
properties of the various elements.
> He was able to predict undiscovered elements
based on the patterns of other known elements.
ONMTD CHCTEMH SAEMEHTOB’.

OCHOBAHMOR HA KX® ATOMHOMD BHCH N XMMRYECKOM D CXOACTSS.

§

Ti= 50

V=51

Cre=52

Mn=55

Fe=58

Ni=Co=59

H=1 Cu=634
Be= 9aMg=24 Zn=652
B=11 Al=27; ?=68
C=12 Si=28 ?=10
N=14 P=31 As=75
0=16 S=32 Se=794
F=19 Cl=356Br=80
Li=7 Na=23 K=39 Rb=854
Ca=40 Sr=87gs

?7=45 Cem=92

r=56 La=94

Wi=60 Di=95

An =156 Th=1187

Ir= 90 7=180.
Nb= 94 Ta=183.
Mo= 96 Wa=186.
Rh=104,4 Pt=197,
Rn=104,s Ir==198.
Pl=1068 O-=199.
Ag=108 Hg=200.
Cd=112
Ur=116 An=197?
Sn==118
Sb=122 Bi=210?
Te=128?

=127
Cs=133 Ti=204,
Ba=137 Pb=207.

K. Merpssdons




November 04, 2014

A later version of Mendeleev's Periodic Table

e ] Gruppo I | Gruppo 1L | Gruppe III, | Gruppe 1V. | Groppe V. | Groppo VL | Gruppe VIL Gruppo VIII,
g — — - RE* RH? R RH —
= R'0 RO R'0* RO* R'0* RO R0’ Ro*
1 l =1
2 |[Li=7 Bo=9,4 LB::!! |0==12 N=14 0=16 Fe=19
8 Na::x!al ug=z4r Al=1278) Bi==28 P=381 8=32 Cl==35
4 [K=39 Ca==40 —=dd =48 V51 Cre=52 Mne=065 0=50, Co=59,
Ni=09, Cu==03.
5 (Cu=83) Zm==66’ —=68 —=72 As=75 So=78 Br=80
6 |Rb==86 {Br=87 ?Yt=88 Zr=190 Nb =94 Mo=98 —=100 Ru=104, Rh=104,
Pd=106, Ag==108.
7 (Ag==108) Cd=112 In==113 Sn==118 8b=122 To==125 J=127
8 [Ce=133 =187 [Di=188 [(Co=140 | — — — — e o =
9 ) - - - - - -
10 | = — ?Br=178 [fLa=180 |[Ta==182 W=184 — 08=195, Ir=197,
Pt=198, Au=199,
11 (Au=2199) Hg==200 Tl==204 Pb=207 Bi=208 — —_
12 |- - - [Th=231 —_ U=240 - —_——— -
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The Periodic Table

The periodic table is a tabular display of the chemical

elements, organized by their atomic number, electron

configuration, and recurring properties.
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Li
Lithium
6.941

11
Na

Sodium
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Potassium
39.098
37
Rb

Rubidium
84.468
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55
Cs
Cesium
132.905
87

Fr
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223.020

Periodic Table of the Elements

18
VIIA
8A

2
2 13 14 15 16 17 He
1A tome A IVA VA VIA VIIA Helium
2A Number 3A 4A 5A 6A 7A 4.003
4 5 6 [7 I3 9 10
Be SymEC B | C N O F Ne
Beryllium Boron Carbon Nitrogen | Oxygen Fluorine Neon
9.012 Name 10.811 12011 || 14007 | 15999 L 18998 || 20.180
12 Atomic Mase 13 14 15 |16 17 18
M 3 5 7 8 9 10 1 12 Al Si Cl Ar
Magnesit l1]:3 IvB VB viB viiB v 1B nB Alumit Sili Phosph | sulfe Chi Arg
%4305 | 3p 4B 5B 6B 78 VR 1B 28 26982 | 28085 | 30074 | 32066 | 35455 | 30048
20 21 22 23 24 25 26 27 28 29 30 31 32 33 134 35 136
Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br | Kr
Calcium Scandium Titanium Vanadium Chromium Manganese Iron Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
40.078 47.88 50.942 51.996 54.938 55.933 58.933 58.693 63.546 65.39 69.732 7261 74922 | 78.09 79.904 84.80
38 39 40 4 42 43 44 45 46 47 48 49 50 51 52 53 54
Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | |Xe
Strontium Yttrium Zirconium Niobium Molybdenum  Technetium Ruthenium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
87.62 88.906 d| 91.224 92.906 95.94 98.907 101.07 102.906 106.42 107.868 112411 114.818 118.71 121.760 1276 126.904 131.29
56 [57-71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Ba Hf Ta W Re Os Ir Pt Au Hg TI Pb Bi Po At Rn
Barium Hafnium Tantalum Tungsten Rhenium Osmium Iridius Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
137.327 || 178.49 180.948 183.85 186.207 190.23 192.22 195.08 196.967 200.59 204.383 207.2 208.980 [208.982] 209.987 | 222.018
88 89-103 | 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
Ra Rf Db Sg Bh Hs Mt Ds Rg Cn Uut FI Uup Lv Uus |Uuo
Radium Dubnium Bohrium Hassium Ununtrium Flerovium Liv it
226.025 [261] [262] [266] [264] [269] [268] [269] [272) 277 unknown 1289 unknown 298] unknown | unknown
57 |58 59 |60 61 [62 |63 I64 |65 166 |67 68 |69 70 |71
Lanthanid
awede' La | Ce | Pr Nd Pm Sm Eu Gd| Tb Dy Ho | Er Tm Yb Lu
Lanthanum Cerium Samarium Europium Gadolinium Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
| 138906 [ 140.115 | 140.908 || 144.24 || 144913 || 150.36 | 151966 [ 157.25 | 158925 | 16250 || 164.930 || 167.26 || 168.934 | 173.04 | 174.967 |
89 90 91 92 03 94 95 96 97 98 99 100 101 102 103
Actinide
e Ac ' Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No | Lr
Actinium Thorium Protactinium Uranium Neptunium Plutonium Americium Curium Berkelium il Fermium Nobelium Lawrencium
227.028 232.038 231.036 238.029 237.048 244,064 243.061 247.070 247.070 251.080 [254] 257.095 258.1 259.101 [262]
Alkali Alkaline Transition Basic Noble a o
Metal Earth Metal Metal Semimetal Nonmetal Halogen Gas Lanthanide Actinide

©2014 Todd Helmenstine

sciencenotes.org
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Why is it called the periodic table?

« The properties of the elements in the table repeat in a
"periodic" way (specific pattern).

« Periodic law: There is a periodic repetition of
chemical and physical properties of the elements when
they are arranged by increasing atomic number

« The modern periodic table is arranged by
> atomic number = # of protons
> properties
> electron configuration
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Reading the Periodic Table

Atomic
number (2)

Element symbol

Average atomic
mass
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Elements and the Periodic Table

« Atomic number (# of protons) defines an element.
- Average atomic mass: weighted average of all the
atomic masses of all naturally occurring isotopes
> Different # of neutrons = isotopes.
> Isotopes don't occur in equal abundance. There are
more of some isotopes than others.

> Example:

Isotope| Atomic Mass (u)

Abundance (%)

Li-6

6.015

7.5

Li-7

7.016

92.5
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Elements and the Periodic Table

« Average atomic mass does not equal the mass number!

« Mass number = # of protons + # of neutrons for a
particular isotope

« For lithium, what do you notice about the average
atomic mass and the mass number for each isotope?

Isotope| Atomic Mass (u) | Abundance (%)
Li-6 6.015 7.5
Li-7 7.016 92.5
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Elements and the Periodic Table

« What about electrons?
> For a neutral atom, the # of protons = # of
electrons

How many protons?
Neutrons? Electrons?
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Groups/Families and Periods

« Groups/Families: Columns

>

properties

Hydrogen
1008 |

3
Li
O
6.941

1
Na

Sodium
22,990

19

K

Potassium
39.098

37R b

Rubidium
84.468

55
Cs

Cesium
132.905

87
Fr

Francium
223.020

18
VIIA
8A
Periodic Table of the Elements 2
2 13 14 15 16 17 He
A Atomic WA IVA VA VIA VIIA Helium
2A Number 3A A BA A 7A | 4003
4 5 6 7 8 9 10
Be Syt B C N O F | Ne
Berylium Boon | camon | Niogen | omgen | Fuome | Neon
9.012 Name 10811 12,011 14.007 15.999 18998 || 20180
12 Somc ks 13 14 5 16 17 18
M 3 5 6 7 8 9 10 1 12 Al Si S Cl Ar
Magnesium ms VB VB VIB viB vin B ns Aluminum Silicon Phosphorus. Sulfur Chlorine Argon
24.305 3B 4B 5B 6B 7B ¥ 8 Y 1B 28 6.9 28086 | 30974 | 32066 35.453 39.948
20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Ca Sc Ti Cr Mn Fe Co Ni Cu Zn Ga Ge | As Se Br Kr
Calcium Scandium Titanium Vanadium Chromium  Manganese Iron Cobalt Nickel Copper Zinc. Gallium ‘Germanium Arsenic Selenium Bromine Krypton
40.078 44.956 88 51.996 938 55.933 58.933 58.693 63.546 65.39 69.732 7 74.922 78.09 79.904 84.80
38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
Stontium | Viom  Ziconium  Noblum  Moibderum Tochmetium  Ruthenium  Rhodum  Palledm S, Cedmium | indium Tn || Amimony | Telumm | todne | Xenon
87.6: L 88.906 Ji 91.224 92.906 95.94 101.07 102.906 106.42 107.868 112411 114.818 118.71 121.760 1276 126.904 131.29
56 5771 |72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Ba Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
Sarum Wamm  Tantalun  Tungstn  Rhonum  Osmum  Mdum  Platnum  Gold  Mercly | Thalum | teas | memun || Polonum || Astatme || Ragon
137.327 | J 17849 180.948 183.85 186.207 190.23 19222 195.08 196.967 200.59 204.383 207.2 208.980 [208.982] 209.987 222018
88 89-103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
Ra Db Bh Hs Mt Uut FlI Uup Uus Uuo
Radium Rutherfordum  Dubmum  Seabporgum  Bohrum  Hassium  Meffnerum  Damstadtium Roentganum Copernicium | Ununtrum | Flerowum | Ununpenttum. Livermorium | Ununseptium | Ununoctium
226.025 [261) [262) [266] [264) [269] [268] [269] [272) 27mm unknown [289] unknown [298] unknown unknown
57 58 |59 J60 |61 62 |63 l64 |65 l66 |67 l68 ) [70 |71
Lanthanide
e La ([Ce Pr Nd Pm Sm Eu Gd| Tb Dy Ho| Er Tm Yb Lu
Lantnanum || Gerum  [Praseadymiur Neodymium || Promettium || Samarium || Europium || Gadotnium || Terium | oysarodium || Homium | Edm | muim 1| vieiam | wutstum
| 138906 || 140115 || 140908 | 14424 || 144913 | 15036 || 151.966 | 157.25 | 158925 || 16250 | 164930 | 16726 || 168934 [ 17304 || 174.967
89 %0 o1 %2 o3 04 o5 9% o7 8 % 100 101 102 103
Actinid
e Ac |[Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
sctnum || morum |Protactinum| ranium || Neptunium || Prutonium || Americium I Gutum || Bercetium || cattormiun |f emeteiium || Fermium {[mencetewtumil Nobesam || Lawrencium
227.028 232.038 231.036 238.029 237.048 244.064 243.061 247.070 247.070 251.080 [2 257.095 258.1 259.101 [262]
Alkali Alkaline Transition Basic " Noble " s
Metal Earth Metal Metal Semimetal Nonmetal Halogen Gas. Lanthanide Actinide

Periods: Rows

Elements in the same family share

similar

©2014 Todd Helmenstine
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Metals, Nonmetals, and Metalloids

There is a "stair case" that separates the table in half.
Metals are found on the left side of the periodic table
Nonmetals are found on the right side of the periodic
table.

Metalloids or semimetals line the stair case.

Increasing metallic character

1A SA
Al 2
S| 2A JA A SA 6A 7A | He
AR BEREREIDBERED
| LU me BlC|N|[O|F[Ne
ol n|n2 S8 13|15 161718
E | f é Na|Mg| 36 48 58 6B 78 — B 2 | AI|ISE|P|S|CQ|A
xample o gl || 2al2[a32als|2s[2Z2Ts2 0] [R3] ]3]
how the 2 | K|Ca|s|Ti|V|C|Mn|Fe|Co|Ni|Cu|Zn|Ca|Ge|As| Se| Be | Kr
HMHHEHEARREARRRHRERE -
; ; H 2l Se | ¥ ¢ | Ru n | Te
perloc!lc table is Sl s s |wlr[n[n|s|w[7|m[»[0]|se]s|ul[ss]ss
Organlzed by é; Cs Ba Lal |HIf | Ta w Re | Os Ir M| Au H’ T s Bi Po | At | Rn
) 57 | 88 | s Mroe [ 105 | 106 [ 107 | 108 [ 109 [ 110 [ 11 | 112

properUes! Y | Fr | Ra| AcfRf | Db | Sg | Bh | Hs | Mt
It l\H\L | s | w|lalalealalals|le|a|a|[o]n]n
AR Ce | Pr INd [ Pm | Sm | Bu [Gd | Tb | Dy |Ho | Br | Tm | Yb | Lu
e |90 o fox]os | o |95 || 97| 9| % w0z
Metalloids | o | pa | U | Np Pu |Am | Cm | Bk | Cf | Es | Fm [Md | No | Lr

Nonmetals
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Metals Metalloids Nonmetals
« Shiny - Inbetween . No luster,
« Malleable metals and various
 Ductile nonmetals! colors.
« Good - Brittle solids
conductors « Poor
conductors

Examples: Examples: Examples:




