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2 13 14 15 16 17 H e
Hydrogen 1A 1A IVA VA VIA VIIA Helium
1.008 2A 3A 4A 5A 6A 7A 4.003
3 4 5 6 7 8 9 1
Li Be B C N O F Ne
Lithium Beryllium Boron Carbon Nitrogen Oxygen Fluorine Neon
6.941 9.012 10.811 12.011 14.007 15.999 18.998 20.180
11 13 14 15 16 17 18
Na g 3 4 5 6 7 8 9 10 11 12 Al Si S Cl Ar
Sodil M e IVB VB viB vie Vil 1B 1] Alumi Sili Phasph Sulf Chlori Al
223“9“3 agnes 3B 4B 5B 6B 7B ¥ 8 ¥ 1B 2B 2“6anBu2m ZB,BGBHG 303?970?5 32“0;:5 35.‘2;:’? 39'.59')4"8
19 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
Potassium Calcium Scandium Titanium Iron Cobalt Nickel Copper Zine Gallium Germanium Arsenic Selenium Bromine Krypton
39.098 40.078 44.956 47.867 50.942 51.996 54.938 55.845 58.933 58.693 63.546 65.38 69.723 72.631 74.922 78.971 79.904 83.798
37 38 39 40 1 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te Xe
Rubidium Strontium Yttrium Zirconium Niobium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
85.468 87.62 88.906 91.224 92.906 95.95 98.907 101.07 102.906 106.42 107.868 112.414 114.818 118711 121.760 127.6 126.904 131.294
55 56 57-71 72 73 74 75 76 ik 78 79 80 81 82 83 84 85 86
Cs Ba Hf Ta W Re Os Ir Pt Au Hg TI Pb Bi Po At Rn
Cesium Barium Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
132.905 137.328 178.49 180.948 183.84 186.207 190.23 192217 195.085 196.967 200.592 204.383 207.2 208.980 [208.982] 209.987 222.018
87 88 89-103 104 105 106 107 108 109 110 111 112 113 114 115 116 17 118
Fr Ra Rf Db Sg Bh Hs Mt Ds Rg Cn Uut Uup Lv Uus Uuo
Francium Radium Rutherfordium  Dubnium Seaborgium Bohrium Hassiul Meitnerium Darmstadtium Roentgenium Copernicium  Ununtrium Flerovium L
223.020 226.025 [261) [262] [266] [264] [269] [268] [269] [272] [277 unknown [289] unknown [298] unknnwn unknown
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
Lanthanid
e La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
L Cerium Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
138.905 140.116 140.908 144.243 144913 150.36 151.964 157.25 158.925 162.500 164.930 167.259 168.934 173.055 174.967
89 90 91 92 93 94 97 98 99 100 101 102 103
piiie - Ac Th  Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
Actinium Thorium Protactinium Uranium Fermium L
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]
© 2014 Todd Helmenstine

sclencenctes.org



UDX T Mm c\Q o\ e
H N VQ«VQ;\\ \MW&\\'\’ =

LY
1A IVA VA VIA VIIA Helium
1.0 2A 3A 4A 5A 6A 7A 4.003
3 4 5 6 7 8 9 10
Li Be B C N O F Ne
Lithium Beryllium Boron Carbon Nitrogen Oxygen Fluorine Neon
6.941 9.012 . 10.811 12.011 14.007 15.999 18.998 20.180
11 12 13 14 15 16 17 18
Na M g 3 - 5 6 7 8 9 10 11 12 Al Si P S Cl Ar
Sodil M e IVB VB viB vie Vil 1B 1] Alumi Sili Phasph Sulf Chlori Ar
223“9“3 ;?g.a;m 3B 4B 5B 6B 7B ¥ 8 ¥ 1B 2B 2“2“9“8“2m ZB,BGBHG 303?970';“ 32“0;:5 35.‘2;:’? 39.59')4"8
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
Potassium Calcium Scandium Titanium Iron Cobalt Nickel Copper Zine Gallium Germanium Arsenic Selenium Bromine Krypton
39.098 40.078 44.956 47.867 50.942 51.996 54.938 55.845 58.933 58.693 63.546 65.38 69.723 72.631 74.922 78.971 79.904 83.798
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te Xe
Rubidium Strontium Yttrium Zirconium Niobium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
85.468 87.62 88.906 91.224 92.906 95.95 98.907 101.07 102.906 106.42 107.868 112.414 114.818 118711 121.760 127.6 126.904 131.294
55 56 57-71 72 73 74 75 76 ik 78 79 80 81 82 83 84 85 86
Cs Ba Hf Ta W Re Os Ir Pt Au Hg TI Pb Bi Po At Rn
Cesium Barium Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
132.905 137.328 178.49 180.948 183.84 186.207 190.23 192217 195.085 196.967 200.592 204.383 207.2 208.980 [208.982] 209.987 222.018
87 88 89-103 104 105 106 107 108 109 110 111 112 113 114 115 116 17 118
Fr Ra Rf Db Sg Bh Hs Mt Ds Rg Cn Uut FI Uup Lv Uus Uuo
Francium Radium Rutherfordium  Dubnium Seaborgium Bohrium Hassium Meitnerium Darmstadtium Roentgenium Copernicium  Ununtrium Flerovium | L L L
223.020 226.025 [261) [262] [266] [264] [269] [268] [269] [272] [277] unknown [289] unknown [298] unknown unknown
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
Lanthanid
e La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
L Cerium Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
138.905 140.116 140.908 144.243 144913 150.36 151.964 157.25 158.925 162.500 164.930 167.259 168.934 173.055 174.967
89 920 91 92 93 94 95 96 97 98 99 100 101 102 103
pnde - Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
Actinium Thorium Protactinium Uranium Curium Fermium L
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]
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Sodil IIIB IVB VIB VIIB VIII IB 1] Alumi Silic Phasph Sulfi Chlori Al
223“9“3 24.305 3B 4B 55 6B 7B ¥ 8 Y 1B 2B zuggnsuzm ZB,OGBHG 303?9705“ 32“, 0;:5 35.‘2;:’? 39'.59')4"8
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
Potassium Calcium Scandium Titanium Iron Cobalt Nickel Copper Zine Gallium Germanium Arsenic Selenium Bromine Krypton
39.098 40.078 44.956 47.867 50.942 51.996 54.938 55.845 58.933 58.693 63.546 65.38 69.723 72.631 74.922 78.971 79.904 83.798
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
Rubidium Strontium Yttrium Zirconium Niobium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
85.468 87.62 88.906 91.224 92.906 95.95 98.907 101.07 102.906 106.42 107.868 112.414 114.818 118711 121.760 1276 126.904 131.294
55 57-71 72 73 74 75 76 i 78 79 80 81 82 83 84 85 86
Cs Ba Hf Ta W Re Os Ir Pt Au Hg TI Pb Bi Po At Rn
Cesium Barium Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
132.905 137.328 178.49 180.948 183.84 186.207 190.23 192217 195.085 196.967 200.592 204.383 207.2 208.980 [208.982] 209.987 222.018
87 88 89-103 104 105 106 107 108 109 110 111 112 113 114 115 116 17 118
Fr Ra Rf Db g Hs Mt Ds Rg Cn Uut Uup Lv Uus Uuo
Francium Radium Rutherfordium  Dubnium um Bonllum Hassium Meitnerium Darmstadtium Roentgenium Copernicium  Ununtrium Flerovium L
223.020 226.025 [261) [262] [266] [264] [269] [268] [269] [272] [277] unknown [289] unknown [298] unknown unknown
57 58 59 60 61 62 63 64 65 66 67 68 69 70 7
Lanthanid
e La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
L Cerium Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
138.905 140.116 140.908 144.243 144913 150.36 151.984 157.25 158.925 162.500 164.930 167.259 168.934 173.055 174.967
89 90 9 92 93 % 97 98 99 100 101 102 103
‘e Ac . Th Pa U Np Pu “Am Cm Bk Cf Es Fm Md No Lr
Actinium Thorium Protactinium Uranium Fermium L
227.028 232.038 231.036 238.029 237.048 244.064 243.081 247 070 247.070 251.080 [254] 257.095 258.1 259.101 [262]
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2
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226.025
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Periodic Table of the Elements

0 21 22 23
Ca Sc Ti \YJ

Calcium Scandium

29 30
Cu 2Zn

13
A
3A

B

5

Boron
10.811

13
Al

Aluminum
26.982

Gallium
69.723

15
VA
5A

N

Nitrogen
14.007

P

15

Phosphorus
30.974

3
As

Arsenic
74,922

[208.982]

16
VIA
6A

8
O

18

VIIA
8A
2
17 He
VIIA Helium
7A 4.003

10
F Ne

Oxygen Fluorine Neon
15.999 18.998 20.180
16 17 18
S Cl Ar
Sulfur Chlorine Argon
32.066 35.453 39.948
34 35 36
Se Br Kr

Selenium Bromine Krypton

78.971 79.904 83.798

53

2
Te

54

Xe

Tellurium lodine Xenon
1276 126.904 131.294

85

"Po | At | Rn

Polonium Astatine Radon
200.987 222.018

117

Lv Uus Uuo

118

(298] unknown unknown

70
Yb

Ytterbium

134 173.055

102

No

Nobelium
259.101

71
Lu

Lutetium
174.967

103

Lr

Lawrencium

[262)

© 2014 Todd Helmenstine
sclencenotes.org






18
1A VIIA
A 8A
p— 2
” 14 15 16 17 He
Hydrogen IVA VA VIA VIIA Helium
Q08 4A 5A 6A 7A 4.003
4 6 7 8 9 10
Li § Be C N O F Ne
Lithium Beryllium Carbon Nitrogen Oxygen Fluorine Neon
6.941 9.012 12.011 14.007 15.999 18.998 20.180
14 15 16 17 18
Na M II?B I\;B VsB viB viie ’ V?II N 1B 1] Sl S CI Ar
Sodil M Alumil Sili Phosph Sulf Chlori Al
223“9“3 Sa305 3B 4B 5B 6B 7B ¥ 8 Y 1B 2B Zl‘GanBuZm ZBBOBHG 303?970:15 32", 0;:5 35.04;;: 39’.59?8
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
Potassium Calcium Scandium Titanium Iron Cobalt Nickel Copper Zine Gallium Germanium Arsenic Selenium Bromine Krypton
39.098 40.078 44.956 47.867 50.942 51.996 54.938 55.845 58.933 58.693 63.546 65.38 69.723 72.631 74.922 78.971 79.904 83.798
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te Xe
Rubidium Strontium Yttrium Zirconium Niobium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
85.468 87.62 88.906 91.224 92.906 95.95 98.907 101.07 102.906 106.42 107.868 112.414 114.818 118711 121.760 127.6 126.904 131.294
55 56 57-71 72 73 74 75 76 ik 78 79 80 81 82 83 84 85 86
Cs Ba Hf Ta W Re Os Ir Pt Au Hg TI Pb Bi Po At Rn
Cesium Barium Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
132.905 137.328 178.49 180.948 183.84 186.207 190.23 192.217 195.085 196.967 200.592 204.383 207.2 208.980 [208.982] 209.987 222.018
87 88 89-103 104 105 106 107 108 109 110 111 112 113 114 115 116 17 118
Fr Ra Rf Db Sg Bh Hs Mt Ds Rg Cn Uut FlI Uup Lv Uus Uuo
Francium Radium Rutherfordium  Dubnium Seaborgium Bohrium Hassium Meitnerium Darmstadtium Roentgenium Copernicium  Ununtrium Flerovium | L L L
223.020 226.025 [261) [262] [266] [264] [269] [268] [269] [272] [277 unknown [289] unknown [298] unknown unknown
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
Lanthanid
e La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
L Cerium Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
138.905 140.116 140.908 144.243 144913 150.36 151.964 157.25 158.925 162.500 164.930 167.259 168.934 173.055 174.967
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
peiriie - Ac . Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
Actinium Thorium Protactinium Uranium Curium i Fermium L
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]
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1A
1A

HifiroEen
.00§

Li

Lithium
6.941

Na

Sodium
22.990

19

K

Potassium
39.098

37
Rb

Rubidium
85.468

55
Cs

Cesium
132.905

7

Fr
Francium
223.020

8

Reciadic Tahle of the EI

— 13 14 15 16
1A 1A IVA VA VIA 1A
2A 3A 4A 5A 6A 7A
5 6 7 8 9 10
Be B C N O F Ne
Beryllium Boron Carbon Nitrogen Oxygen Fluorine Neon
9.012 10.811 12.011 14.007 15.999 18.998 20.180
13 14 15 16 17 18
M 9 3 4 5 6 7 8 9 10 1 12 Al S 1 P S C | Ar
M e VB VB viB vie viil 1B 1] Alumi Sili Phasph Sulf Chlori A
;?g.a;m 3B 4B 5B 6B 7B ¥ 8 Y 1B 2B ;;gr\suzm 28‘50823 ;3%705“ 32“0;:5 352.‘:‘: 39’,g9°4n8
20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
Calcium Scandium Titanium [+ Iron Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
40.078 44.956 47.867 50.942 51.996 54.938 55.845 58.933 58.693 63.546 65.38 69.723 72.631 74.922 78.971 79.904 83.798
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
Strontium Yttrium Zirconium Niobium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
87.62 88.906 91.224 92.906 95.95 98.907 101.07 102.906 106.42 107.868 112.414 114.818 118711 121.760 127.6 126.904 131.294
56 57-71 72 73 74 75 76 ik 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 Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
137.328 178.49 180.948 183.84 186.207 190.23 192.217 195.085 196.967 200.592 204.383 207.2 208.980 [208.982] 209.987 222.018
88 89-103 104 105 106 107 108 109 110 111 112 113 114 115 116 17 118
Ra Rf Db Sg Bh Hs Mt Ds Rg Cn Uut FlI Uup Lv Uus Uuo
Radium Rutherfordium  Dubnium Seaborgium Bohrium Hassium Meitnerium Darmstadtium Roentgenium C L F vium | L L L
226.025 [261] [262] [266] [264] [269] [268] [269] [272] [277] unknown [289] unknown [298] unknown unknown
57 58 59 60 61 62 63 64 65 66 67 68 69 70 7
Lanthanid
e La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
L Cerium y i Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
138.905 140.116 140.908 144.243 144913 150.36 151.964 157.25 158.925 162.500 164.930 167.259 168.934 173.055 174.967
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
peiriie - Ac . Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
Actinium Thorium Protactinium Uranium Curium i Fermium L
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]

© 2014 Todd Helmanstine
sclencenctes.org
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Na

Sodium
22.990

19

K

Potassium
39.098

37
Rb

Rubidium
85.468

55
Cs

Cesium
132.905

7

Fr
Francium
223.020

8
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e- VIIIA
" " 8A
Periodic Table of the Elemen
13 14 15 16 17 He
1A IVA VA VIA VIIA Helium
3A 4A 5A 6A 7A 4.003
Mﬁ s 5 6 7 8 9 10
B C N O F Ne
Beryllium Boron Carbon Nitrogen Oxygen Fluorine Neon
9.012 10.811 12.011 14.007 15.999 18.998 20.180
12 13 14 15 16 17 18
M 9 3 4 5 6 7 8 9 10 11 12 Al Si P S Cl Ar
M e IVB VB viB vie Vil 1B 1] Alumi Sili Phasph Sulfi Chlori A
aﬁf;g;m 3B 4B 58 6B 7B ¥ 8 Y 1B 2B 2“(‘5“9%"2“1 ZBBQB% ;3?970‘;% 32“, 0;:5 35;’.‘:‘; 39’?9?8
20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
Calcium Scandium Titanium [+ Iron Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
40.078 44.956 47.867 50.942 51.996 54.938 55.845 58.933 58.693 63.546 65.38 69.723 72.631 74.922 78.971 79.904 83.798
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
Strontium Ytrium Zirconium Niobium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
87.6: 88.906 91.224 92.906 95.95 98.907 101.07 102.906 106.42 107.868 112.414 114.818 118711 121.760 127.6 126.904 131.294
56 57-71 72 73 74 75 76 i 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 Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
137.328 178.49 180.948 183.84 186.207 190.23 192.217 195.085 196.967 200.592 204.383 207.2 208.980 [208.982] 209.987 222.018
88 89-103 104 105 106 107 108 109 110 111 112 113 114 115 116 17 118
Ra Rf Db Sg Bh Hs Mt Ds Rg Cn Uut Fl Uup Lv Uus Uuo
Radium Rutherfordium  Dubnium Seaborgium Bohrium Hassium Meitnerium | Darmstadtium Roentgenium C L Flerovium L L L
226.025 [261] [262] [266] [264] 69] [268] [269] [272] [277] unknown [289] unknown [298] unknown unknown
57 58 59 60 61 62 63 64 65 66 67 68 69 70 7
Lanthanid
e Lla Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
L Cerium inii Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
138.905 140.116 140.908 144.243 144913 150.36 151.984 157.25 158.925 162.500 164.930 167.259 168.934 173.055 174.967
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
peiiie - Ac . Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
Actinium Thorium Protactinium Uranium Curium i Fermium La
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]
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Li
Lithium
6.941

Rb

Rubidium
85.468

Cesium
132.905

7

Fr
Francium
223.020

8

Periodic Table of the Elements

2 13 14 15 16 17 H e
1A 1A IVA VA VIA VIIA Helium
2A 3A 4A 5A 6A 7A 4.003

5 7 8 9 10
e B N O F Ne
dlium Boron rbon Nitrogen Oxygen Fluorine Neon
.012 10.811 12.011 14.007 15.999 18.998 20.180
13 15 16 17 18
3 4 5 8 9 10 11 12 Al Si P S Cl Ar
Mag e Ive VB Vil 1B e Alumi Sili Phasph Sulfy Chlori Arge
29305 3B 4B 5B ¥ 8 Y 1B 2B ;;gr\suzm ZBBQB% 303?970';% 32“0;:5 35.04'.‘?: 39’,90;8
0 21 22 23 26 27 28 29 30 31 32 33 34 35 36
Ca Sc Ti V Fe Co Ni Cu Zn Ga Ge As Se Br Kr
Calcium Scandium Titanium Vanadium Iron Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
40.078 44.956 47.867 50.942 55.845 58.933 58.693 63.546 65.38 69.723 72.631 74.922 78.971 79.904 83.798
8 39 40 41 44 45 46 47 48 49 50 51 52 53 54
Sr Y Zr Nb Ru Rh Pd Ag Cd In Sn Sb Te Xe
Strontium Yttrium Zirconium Niobium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
87.62 88.906 91.224 92.906 95.95 98.907 101.07 102.906 106.42 107.868 112.414 114.818 118711 121.760 127.6 126.904 131.294
56 57-71 72 73 74 75 76 ik 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 Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
137.328 178.49 180.948 183.84 186.207 190.23 192.217 195.085 196.967 200.592 204.383 207.2 208.980 [208.982] 209.987 222.018
88 89-103 104 105 106 107 108 109 110 111 112 113 114 115 116 17 118
Ra Rf Db Sg Bh Hs Mt Ds Rg Cn Uut FI Uup Lv Uus Uuo
Radium Rutherfordium  Dubnium Seaborgium Bohrium Hassium Meitnerium Darmstadtium Roentgenium Copernicium  Ununtrium Flerovium | L L L
226.025 [261] [262] [266] [264] [269] [268] [269] [272] [277] unknown [289] unknown [298] unknown unknown
57 58 59 60 61 62 63 64 65 66 67 68 69 70 7
Lanthanid
e La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
L Cerium y Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
138.905 140.116 140.908 144.243 144913 150.36 151.964 157.25 158.925 162.500 164.930 167.259 168.934 173.055 174.967
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
Actinid
e Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
Actinium Thorium Protactinium Uranium Curium i Fermium L
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]
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1A VIIA
1A . b 8A
—~PeriodiC TaDIe 01 (e LieTTeTts=— 2 z 39
H 2 13 14 9
A 1A IVA Vi A
g | I T ST S )
5 6 |'e 10
& FiNel ~
10.811 12.011 4“6%3; 15. wn Fllluogli;; 2’;";’30
1 12 13 14 5 6 |17 18
Na M 3 4 5 6 7 8 9 10 11 12 Al Si P S Cl Ar
Sod M e -] vB viB viie Vil 1B 1] Alumi Silic Phosph Sul Chlori Ar
22,3‘9’3 az?g.a;m 3B 4B 58 6B 7B ¥ 8 Y 1B 2B 2“319"8!;‘ 23,008?5 “303?970‘;“5 32,3;:5 35‘3{5":’? 39?9“4"8
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
Potassium Calcium Scandium Titanium Iron Cobalt Nickel Copper Zine Gallium Germanium Arsenic Selenium Bromine Krypton
39.098 40.078 44.956 47.867 50.942 51.996 54.938 55.845 58.933 8.693 63.546 65.38 69.723 72.631 74.922 78.971 79.904 83.798
37 38 39 40 4 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te Xe
Rubidium Strontium Yttrium Zirconium Niobium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
85.468 87.62 88.906 91.224 92.906 95.95 98.907 101.07 102.906 106.42 107.868 112.414 114.818 118711 121,760 127.6 126.904 131.294
55 56 57-71 72 73 74 75 76 i 78 79 80 81 82 83 84 85 86
Cs Ba Hf Ta W Re Os Ir Pt Au Hg TI Pb Bi Po At Rn
Cesium Barium Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
132.905 137.328 178.49 180.948 183.84 186.207 190.23 192217 195.085 196.967 200.592 204.383 207.2 208.980 [208.982] 209.987 222.018
87 88 89-103 104 105 106 107 108 109 110 111 112 113 114 115 116 17 118
Fr Ra Rf Db Sg Bh Hs Mt Ds Rg Cn Uut FI Uup Lv Uus Uuo
Francium Radium Rutherfordium  Dubnium Seaborgium Bohrium Hassium Meitnerium Darmstadtium Roentgenium Copernicium  Ununtrium Flerovium | L L L
223.020 226.025 [261] [262] [266] [264] [269] (268] [269] [272] [27 unknown [289] unknown [298] unknown unknown
57 58 59 60 61 62 63 64 65 66 67 68 69 70 7
Lanthanid
e La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
L Cerium Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
138.905 140.116 140.908 144.243 144913 150.36 151.984 157.25 158.925 162.500 164.930 167.259 168.934 173.055 174.967
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
e Ac ' Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
Actinium Thorium Protactinium Uranium Curium Fermium L
227.028 232.038 231.036 238.029 237.048 244.064 243.081 247.070 247.070 251.080 [254] 257.095 258.1 259.101 [262]
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Periodic Table of the Elements

3A

B Ne
Beryllium Baron Carbon Nitrogen Oxygen Fluorine Neon
- 9.012 10.811 12.011 B 14.007 15.999 i 18,998 J 20.180
12 3 14 15 16 17 18
M 3 4 5 6 7 8 9 10 11 12 Al Si S Cl Ar
M e -] vB viB viie Vil 1B 1] Alumi Silico Ph Sulf Chlori A
azﬁsgm 3B 4B 58 6B 7B ¥ 8 Y 1B 2B 2“%?9?2’“ 28,08% ! ;05?9";‘:“5 32.0%’6 35:1’5“; 395’11“8
21 22 23 24 25 26 27 28 29 30 1 32 33 34 ES 36
Sc Ti V Cr Mn Fe Co Ni Cu Zn |Ga Ge As Se Br Kr
Scandium Titanium Iron Cobalt Nickel Copper Zine Gallium Germanium Arsenic Selenium Bromine Krypton
44.956 47.867 50.942 51.996 54.938 55.845 58.9. 8.693 63.546 65.38 69.723 72.631 74.922 78.971 79.904 83.798
39 40 41 42 43 44 45 46 47 48 9 50 51 52 53 54
Y Zr Nb Mo Tc Ru Rh Pd Ag CdjlIn Sn Sb Te | Xe
Yttrium Zirconium Niobium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium ine Xenon
88.906 91.224 92.906 95.95 98.907 101.07 102.906 106.42 107.868 112.414 114.818 118711 121.760 127.6 126.904 131.294
57-71 72 73 74 75 76 i 78 79 80 1 82 83 84 |85 86
Hf Ta W Re Os Ir Pt Au Hg|TI Pb Bi Po At Rn
Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
A8 178.49 180.948 183.84 186.207 190.23 192217 195.085 196.967 200.592 204383 | 2072 | 208.980 | ([208.982] | 209.987 222.018
89-103 104 105 106 107 108 109 110 111 112 113 114 115 116 ik 118
Rf Db Sg Bh Hs Mt Ds Rg CnfUut FI Uup Lv Uus Uuo
Rutherfordium  Dubnium Seaborgium Bohrium Hassium Meitnerium Darmstadtium Roentgenium Copernicium l Ununtrium Fleroviu ctium
[261] [262] [266] [264] [269] [268] [269] [272] 1 unkn: unknown [298] unknown
57 58 59 60 61 62 63 64 65 66 67 68 69 70 7
Lanthanid
e La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
L Cerium Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
138.905 140.116 140.908 144.243 144913 150.36 151.984 157.25 158.925 162.500 164.930 167.259 168.934 173.055 174.967
89 920 91 92 93 94 95 96 97 98 99 100 101 102 103
pcnde - Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
Actinium Thorium Protactinium Uranium Curium Fermium L
227.028 232.038 231.036 238.029 237.048 244.064 243.081 247.070 247.070 251.080 [254] 257.095 258.1 259.101 [262]

© 2014 Todd Helmanstine
sclencenctes.org
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18
VIIA
1A L = 8A
. Periodic Table.o 2
2 1 4 5 16 17, -
Hydrogen 1A 1. A A VIA VIIA Helium
1.008 2A 3p A B6A 7A 4.003
3 4 5 6 7 8 9 10
= 5 \ ) 0
Lithium Beryllium Bgib rogen Oxygen Fluorine Neon
6.941 9.012 108 1.007 15.999 18.998 20.180
il 12 13 16 17 18
a M g 3 4 5 ; 7 8 9 Z - Ar
Sod M e -] VB viB viie Vil Al lic Pifisph 20
22,3‘9’:}‘ 32?55;'" 3B 4B 58 6B 7B ¥ 8 Y 2] ,og'(‘s ?97%“5 32 0;:5 35.011'5“?? 39.948
» 19 20 21 22 23 24 25 6§ 31 33 34 35 36
e .3 -
Se—eTi=—V_ Cr Mn Fe Co Gia=tko B :
— Potassium Calcium Scandium Titanium Iron Cobalt Gl lium Gefhanium ASsenic Selenium Bromine Krypton
39.098 40.078 44.956 47.867 50.942 51.996 54.938 55.845 58.933 6l 723 631 78922 78.971 79.904 83.798
) 37 38 39 40 41 42 43 44 45 46 47 49 50 51 52 53 54
Rb Srl Y Zr Nb Mo Tc Ru Rh Pd Ag &n &b Te Xe
Rubidium Strontium!| Yttrium Zirconium Niobium Rhodium Palladium Irflium in AntiShony Tellurium lodine Xenon
85.468 87.62 88.906 91.224 92.906 95.95 98.907 101.07 102.906 111818 118711 121760 127.6 126.904 131.294
55 56 57-71 72 73 74 75 76 i 78 81 82 83 84 85 86
Cs Ba Hf Ta W Re Os Ir | Pb Ei Po At Rn
Cesium Barium Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Thallum Le: Bisrfuth Polonium Astatine Radon
132.905 137.328 178.49 180.948 183.84 186.207 190.23 192217 204883 207@ 208 §80 [208.982] 209.987 222.018
87 88 89-103 104 105 106 107 108 109 110 113 114 115 116 17 118
Fr Ra Rf Db Sg Bh Hs Mt Ut FI Udp Lv Uus Uuo
Francium Radium Rutherfordium  Dubnium Seaborgium Bohrium Hassium Meitnerium Darmstadtium Roentgenium UnunfBum Flerovium | L L L
223.020 226.025 [261) [262] [266] [264] [269] 268] unknivn 9] unknown [298] unknown unknown
57 58 59 60 61 62 63 64 65 66 67 68 69 70 !
Lanthanid
e La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
L Cerium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
138.905 140.116 140.908 144.243 144913 150.36 151.984 162.500 164.930 167.259 168.934 173.055 174.967
89 920 91 92 93 94 95 96 97 98 99 100 101 102 103
e Ac ' Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
Actinium Thorium Protactinium Uranium Fermium L
227.028 232.038 231.036 238.029 237.048 244.064 243.081 251.080 [254] 257.095 258.1 259.101 [262]
© 2014 Todd Helmenstine

sclencenctes.org
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L4
: - P 2 A % 1
('0\]‘ Periodic Table of the Elements
H 2 13 14 15 16 17
pydrogen | 1A va® vag wvial
1008 2A 4A 5A 6A
4 > o
Li Be C N O F Ne
a Lithium Beryllium Carbon Nitrogen Oxygen Fluorine Neon
6.941 1 12.011 14.007 15.999 18.998 20.180
(\'J (‘9 ’ 1 12 14 15 16 17 18
v Na Mg 3 4 s T — i Si P S Cl Ar
X, ~Ae=a . Wy " W wm e 0 wWm i
Q 9 20 1 22 23 24 25 26 27 28 29 30 32 33 34 35 36
. A
K CailJSc Ti V Cr Mn Fe Co Ni Cu Zn Ge As Se Br Kr
Potassium Calcium Scandium Titanium i Chromi Iron Cobalt Nickel Copper Zinc Germanium Arsenic Selenium Bromine Krypton
39.098 40.078 44.956 47.867 50.942 51.996 54.938 55.845 58.933 58.693 63.546 65.38 72.631 74.922 78.971 79.904 83.798
7 38 39 40 41 42 43 44 45 46 47 48 50 51 52 53 54
Rb Srp, Y Zr Nb Mo Tc Ru Rh Pd Ag Cd Sn Sb Te | Xe
Rubidium Strontium Yttrium Zirconium Niobium { Rhodium Palladium Silver Cadmium Tin Antimony Tellurium lodine Xenon
85.468 87.62 \ 88.906 91.224 92.906 95.95 98.907 101.07 102.906 106.42 107.868 112.414 118.711 121.760 1276 126.904 131.294
5 56 Bi-71 72 -‘r w3 74 75 76 77 78 79 80 82 83 84 85 * 86
Cs Ba ydTa W Re Os Ir Pt Au Hg Pb Bi Po At Rn
Cesium Barium Haf#fum Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Lead Bismuth Polonium Astatine Radon
132.905 137.328 8.49 180.948 183.84 186.207 190.23 192.217 195.085 196.967 200.592 2072 208.980 [208.982] 209.987 222.018
88 103 04 105 106 107 108 109 110 111 112 114 115 116 17 118
Fr Ra Rf Db Sg Bh Hs Mt Ds Rg Cn FI Uup Lv Uus Uuo
ancium Radium Rutherfordium  Dubnium Seaborgium Bohrium Hassium Meitnerium Darmstadtium Roentgenium Coperniciun ynuntrium Flerovium L i
3.020 226.025 ' 61 266 264] [269] [268] [269] [272] 2771 Linknown [289] unknown [298] unknown unknown
4 58 59 60 61 62 6 o L — o -
{ .t La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Lanthanum Cerium i i i i i i Terbium | DysproSium = Holmium Erbium Thulium Ytterbium Lutetium
138.905 140.116 140.908 144.243 144913 150.36 151.964 157.25 158.925 162.500 164.930 167.259 168.934 173.055 174.967
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
‘Y Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
i Actinium Thorium Protactinium Uranium Curium C Fermium L
227.028 232.038 231,036 238.029 048 244084 243.061 247.070 247.070 251.080 [254] 257.09! 2 259.101 [262]
©2014 Todd Helmenstine
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NoN- META LS

Two Towels - Group A ~\ —
18
VIIA
8 %
2
. 14 15 16 1|7 He
1- . M IVA VA VIA VIIA Hell
r‘“" *‘ on s __4A  BA  6A 7A j.o%? |
6 7 8 [} 10
@ridae - v C N O F Ne
Lithium Beryllium \ g ro Carbon Nitrogen Oxygen Fluorine Neon
| 6. 9.012 12.011 14.007 15.999 18,998 20180
(11! 12 14 15 16 17 18
" Na Mg 3 4 5 6 8 0 10 11 Si P S Cl Ar
bk | R R £ % % & wem | wwe S | 4%
19 20 1 22 23 |24 25 26 27 28 29 32 33 34 35 36
K CalSc Ti V Cr Mn Fe Co Ni Cu Ge As Se Br Kr
Potassium Calcium Scandium Titanium Iron Cobalt Nickel Copper Germanium Arsenic Selenium Bromine Krypton
39.008 40.078 44956 47.867 50.942 51.996 54.938 55.845 58.933 58.693 63.546 72.631 74.922 78971 | 79.904 83.798
37 38 9 40 41 42 43 44 45 46 47 50 51 52 /583 /54
Rb Sr| Y Zr Nb Mo Tc Ru Rh Pd Ag Sn Sb Te Xe
Rubidium Strontium Yttrium Zirconium Niobium Rhodium Palladium Silver Tin Antimony Tellurium lodine Xenon
85. 87.62 88.906 91.224 92,906 95.95 98,907 101,07 102.906 106,42 107,868 118711 121,760 127.6 126,904 | 131.294
7-71 72 73 74 75 76 77 |78 79 82 83 84 85 86
Hf Ta W Re Os Ir Pt Au Pb Bi Po At Rn
Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Thallium Lead Bismuth Polonium Astatine Radon
178.49 180.948 183.84 186.207 190.23 192217 | 195085 | 196.967 | 200.502/l 204383 207.2 208980 | [208982] | 209.987 | 222.018
9-103 104 1105 106 107 108 109 110 111 112 113 114 115 116 1117 118
Rf Db Sg Bh Hs Mt Ds Rg Uut FI Uup Lv Uus Uuo
Francium Rutherfordium  Dubnium Seaborgium Bohrium Hassium Melrzmeearlum Darmstadtium Roentgenium Ununtrium Flerovium L E Ununoctiul
SN S
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
teree La  Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
L Cerium Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
138.905 140.116 140.908 144.243 144.913 150.36 151.964 157.25 158.925 162.500 164.930 167.259 168.934 173.055 174.967
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
e Ac ' Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
Actinium Thorium Protactinium Uranium Curium Fermium L
227028 | 232038 | 231036 | 238.029 | 237.048 | 244064 | 243061 | 247.070 | 247.070 | 251.080 [254] 257.095 258.1 259.101 [262]

© 2014 Todd Helmenstine
sclencenctes.org
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Metra\s
{‘ku”", Spa ven,

1
1A
1A

1

H

Hydrogen
1.00¢

3
Li
Lithium
6.941

11

Na

Sodium
22.990

19

K

Potassium
39.098

37
Rb

Rubidium
85.468

55
Cs

Cesium
132.905

87

Fr

Francium
223.020

2
1A
2A

4
Be

Berylium

9
Ca

Calcium
40.078

38
Sr

Strontium
87.62

56
Ba

Barlum
137.328

88Ra

Radium
25

Lanthanlde

3
11]=]
3B

s
Sc
Scandium

44.956
9

Y

Yttrium
88.906

f7-71

57
La

nf.sw"‘)
v,

4
IvB
4B

22
Ti

Titanium
47.867

40

Zr

Zirconium
91.224

72Hf

Hafnium
178.49

104
Rf

[261]

58
Ce

eyt

5 6 7 8 9 10
VB VIB viB — Vil ——
5B 6B 7B 8
23 24 25 26 27 28
V. Cr Mn Fe Co Ni
i Iron Cobalt Nickel
50.942 51.996 54.938 55.845 58.933 58.693
41 42 43 44 45 46
Nb Mo Tc Ru Rh Pd
Niobium n Rhodium Palladium
92.906 95.95 98.907 101.07 102.906 106.42
73 74 75 76 77 78
Ta W Re Os Ir Pt
Tantalum Tungsten Rhenlum Osmium Iridium Platinum
180.948 183.84 186.207 190.23 192.217 195.085
105 106 107 108 109 110
Db Bh Hs Mt Ds

Rutherfordium  Dubnium

[262]

Sea borgqm«

oY
Pr -

fwo {-wﬂ's)
Nen- Metals

1 12
B 1B
1B 2B
29 0
Cu Zn
Copper Zinc
63.546 65.38
47 48
Sllvg Cadmiumy
107.868 112.414
79 80
Au Hg
Gold Mercury
196.967 200.592
1 112

Ra Cn

Ca,\‘bo Nl + f’%e h}

OKV\C",C”""“ esc,

18
VIIA
8A

2
He

13 14 15 16 17
1A IVA VA VIA VIIA Helium
3A 4A 5A 6A 7A o
5 6 ¥ 8 9 10
B C N O F Ne
Boron Carbon Nitrogen Oxygen Fluorine Neon
10811 12,011 14,007 15.999 18.998 20.180
13 14 15 16 17 18
Al Si P 8 ClI Ar
Aluminum Silicon Phosphorus Sulfur Chlorine Argon
26.982 28,086 30.974 32.066 35.453 39.948
31 32 33 34 35 36
Ga Ge As Se Br Kr
Gallium Germanium Arsenic Selenium Bromine Krypton
69.723 74.922 78.971 79.904 83798
49 50 51 52 53 54
In Sn Sb Te | Xe
Indium Tin Antimony Tellurium lodine Xenon
114.818 118711 121.760 127.6 126.904 131.294
81 82 83 84 5 86
TI Pb Bi Po At Rn
Thallium Lead Bismuth Polonium Astatine Radon
204.383 207.2 208.980 [208.982] 209.987 222.018
113 114 115 116 117 118
\Uut FI 'Uup Lv 'Uus Uuo/
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Metra\s
Li v, Sodive,
nf.sw"‘)

wuv“‘;

3 4
.
Li Be
Lithium Beryllium
6.941 9.012
11
Na g
Sodium Magnes!
22.990 24305
19 20
K Ca
Potassium Calcium
39.098 40.078
37 38
Rb Sr
Rubidium Strontium
85.468 87.62
55 56
Cs Ba
Cesium Barium
132.905 137.328
87
Fr

Francium Radium
23.0;

Lanthanide

3 4
111} VB
3B 4B
21
Sc Ti
Scandium Titanium
44.956 47.867
;&9 40
Y | Zr

Yttrium Zirconium
88.906 91.224
k7-71 72

Hafnium
178.49

104

Rf

261]

57
La

58
Ce

eyt

fwo {-wﬂ's)

Nen- Metals

Coavbo

f‘/ Nl"" ro%e l\)

vE @oes wert

NOT A METAL), Ts GAS!

+o H

... S0, these tules ase mstly

6‘5\ des Hydwgu\ 73

VB VIB vilB — VIII —
5B 6B 7B
23 24 5 26 28
V Cr Mn Fe Co Ni
i Iron Cobalt Nickel
50.942 51.996 54.938 55.845 58.933 58.693
41 42 43 44 45 46
Nb Mo Tc Ru | Rh Pd
Niobium Rhodium Palladium
92.906 95.95 98.907 101.07 102.906 106.42
73 74 75 76 77 78
Ta W Re Os Ir Pt
Tantalum Tungsten Rhenium Osmium Iridium Platinum
180.948 183.84 186.207 190.23 192.217 195.085
105 106 107 108 109 110
Db He ' Mt | Ds

Rutherfordium  Dubnium
[

[262]

59
Pr

g Bh
Seaborg urm

18
VIIIA
8A
14 16 H e
1A IVA VA VIA Helium
3A 4A 5A 6A 2005
5 6 7 8 10
B C N O Ne
Boron Carbon Nitrogen Oxygen Fluorine Neon
10.811 12.011 14.007 15.999 18.998 20.180
13 14 15 16 i/ 18
12 Al Si P S Cl Ar
IB 1B Aluminum Silicon Phosphorus Sulfur Chlorine Argon
1B 2B 26.982 28.086 30.974 32.066 35.453 39.948
29 31 32 33 34 35 36
Cu Zn| Ga Ge As Se Br Kr
Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
63.546 65.38 69.723 72.631 74.922 78.971 79.904 83.798
47 48 49 50 51 52 53 54
Ag Cdl In Sn Sb Te | Xe
Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
107.868 112.414 114.818 118711 121.760 127.6 126.904 131.204
79 80 81 82 83 84 85 86
Au Hgl TI Pb Bi Po At Rn
Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
196.967 200.592 204.383 207.2 208.980 [208.982] 209.987 222.018
111 112 113 114 115 116 1a7: 118
Ra Cn\Uut FI 'Uup Lv Uus Uuo/

Oxvget\,cueﬂ'\t, ésc,




Non- Mera\s sometiwes
QNN wyisiior' elecrons

“\L‘\'u\s somelimeS
\ose an eledsdn
or two

Mow many electtons are each of tnese elements
QUROSED Yo have? Wow many do they RCTUALN have ¢




/7 R
¢ [ N
j{’ i
B8




QJr &
, S *ore.

Sfte-
lost o yoined

= @\mk(‘s
7 zodts = Hpro>#e™ 5

rodons 2 # desAtons . mato\3 A C
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VIIA -
1A - 8A
i 2
H 2 14 15 16 17 H e
Hydrogen 1A IVA VIA VIIA Helium
1.008 2A 3A 4A 6A 7A 4.003
3 4 5 6 9 10
Li Be B C O F Ne
Lithium Beryllium Boron Carbonj Nitrogen Oxygen Fluorine Neon
6.941 9.012 10.811 12.01 14.007 15.999 18.998 20.180
1" 12 13 14 6 17 18
Na Mg Al Si P S ClI Ar
Sodium Magneslum VvIB viiB Aluminum Silicon Phosphorus Sulfur Chlorine Argon
22.990 24.305 3B 4B 5B 6B 7B 8 1B 28 26.982 28.086 30.974 32.066 35.453 39.948
19 20 23 24 25 26 31 32 33 34 35 36
K Ca V. Cr Mn Fe Ga Ge As Se Br Kr
Potassium Calcium i Cl miurn Iron Gallium Germanium Arsenic Selenium Bromine Krypton
39.098 40.078 50.942 51.996 54.938 55.845 69.723 72.631 74.922 78.971 79.904 83.798
37 38 9 40 41 ’ 49 50 51 52 53 54
Rb Sr JY Zr Nb In Sn Sb Te | Xe
Rubidium Strontium Yttrium Zirconium Niobium Molybdenum = Technetium Palladium Silver Indium Tin Antimony Tellurium lodine Xenon
85.468 87.62 88.906 91.224 92.906 95.95 98.907 106.42 107.868 114.818 118.711 121.760 127.6 126.904 131.294
55 56 7-71 72 73 74 _ 78 81 82 83 84 85 86
Cs Ba Hf Re Os Ir TI Pb Bi Po At Rn
Cesium Barium Hafnium, Tungsten Rhenium Osmium Iridium Platinum Thallium Lead Bismuth Polonium Astatine Radon
132.905 137.328 178 183.84 186.207 190.23 192.217 195.085 X 204.383 207.2 208.980 [208.982] 209.987 222,018
87 88 4 105 106 107 108 109 110 11 113 114 115 116 117 118
Fr Ra Rf Db Sg Bh Hs Mt Ds Rg Uut FI Uup Lv Uus Uuo
Francium Radium Rutherfordium  Dubnium Seaborgium Bohrium Hassium Meitnerium Darmstadtium Roentgenium Copernici L ium | L L Ununseptium = Ununoctium
223.020 226.025 261] [262] 1266] [264] [269] 1268] [269] [272] 277] unknown [289] unknown (298] unknown | unknown
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2115

18
, VIIIA
1A L 8A
b 2
H 13 14 15 16 17 H e
Hydrogen 1A IVA VA VIA VIIA Helium
1.008 2A 3A 4A 5A 6A 7A 4.003
3 4 5 6 y f 8 9 10
Li Be B C N O F Ne
Lithium Beryllium Boron Carbon Nitrogen Oxygen Fluorine Neon
6.941 9.012 10.811 12.011 14.007 15.899 18.998 20.180
" 12 13 14 15 16 17 18
Na 9 3 4 5 6 7 8 9 10 1 12 Al Si P S Cl Ar
Sodi M ns IvB VB VIB viiB Vi 1B 1B Alumi Sili Phosph: Sulft Chlori Al
2;.9“9"8 ;%h:ia;m 3B 4B 5B 6B 7B ¥ 8 ¥ 1B 2B ;é“g%‘ém 2833?5 ;5?9;;“ SZUvOErG 35:1’5:‘; 39’%‘31“8
19 20 21 22 23 24 25 26 27 28 29 30 3 32 33 34 35 36
K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
Potassium Calcium Scandium Titanium Cl Iron Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
39.098 40.078 44.956 47.867 50.942 51.996 54.938 55.845 58.933 58.693 63.546 65.38 69.723 72.631 74.922 78.971 79.904 83.798
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
Rubidium Strontium Yttrium Zirconium Niobium n Rutheni Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
85.468 87.62 88.906 91.224 92.906 95.95 98.907 101.07 102.906 106.42 107.868 112.414 114.818 118.711 121.760 127.6 126.904 131.294
55 56 57-71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba Hf Ta W Re Os Ir Pt Au Hg TI Pb Bi Po At Rn
Cesium Barium Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thalllum Lead Bismuth Polonium Astatine Radon
132.905 137.328 178.49 180.948 183.84 186.207 180.23 182.217 195.085 196.967 200.592 204.383 207.2 208.980 [208.982] 209.987 222018
87 88 89-103 104 105 106 107 108 109 110 11 112 113 114 115 116 117 118
Fr Ra Rf Db Sg Bh Hs Mt Ds Rg Cn Uut Fl Uup Lv Uus Uuo
Francium Radium Rutherfordium  Dubnium Seaborgium Bohrium Hassium Meitnerium Darmstadtium Roentgenium Copernicium ium L L n
223,020 226.025 261] [262] 266 1264] [269] 1268] [269] [272] 12771 unknown [289] unknown (298] unknown | unknown
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go.\(\ otC \ose ¢ - of ,_,/ A
Meradg —> IO‘S_S.. e C;“-‘ X Non- metals as
\‘\' / \ \)wnc(‘\a _ ‘\\

\* ' ’ x =¥
. ? P4
b\ - Nitrogen Oxygen Fluorine
p. 90 14.007 15.899 18.998
k V4 = 3’ 13 , 15 16 17 18 ae
\.s ’ ) 4 5 6 7 8 9 10 1 12 Al P S Cl Ar
p s IvB VB viB viiB Vi 1B 1B
b\ : 3B 4B 5B 6B 7B /_ 8 _\ 1B 2B Al;é“&??m ?&"5”33% Ph;g?sr[;ajus BSZUI(;ErG %wlsn:f 3‘9’%&"8
\ 1 22 23 24 25 26 27 28 29 30 3 32 33 34 35 36 -
Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga| Gel As Se Br| Kr >
Calcium Scandium Titanium Cl Iron Cobalt Nickel Copper Zinc Gallium Germaniuny Arsenic Selenium Bromine Krypton
40.078 44.956 47 867 50.942 51.996 54.938 55.845 58.933 58.693 63.546 65.38 69.723 72.631 74.922 | 78.971 79.904 83.798 L
\‘ 38 B9 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 CM&
\ E Sr ] Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In} SnjSb Te | | Xe
Strontium Yttrium Zirconium Niobium n Ruthenil Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
87.62 88.906 91.224 92.906 95.95 98.907 101.07 102.906 106.42 107.868 112.414 114.818 118.711 121.760 127.6 126.904 131.294
x 56 7-71 72 73 74 75 76 77 78 79 80 81 83 84 85
& Ba Hf Ta W Re Os Ir Pt Au Hg TI Bi Po At
\° / Barium Hafnlum Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Bismuth Polonium Astatine
137.328 178.49 180.948 183.84 186.207 180.23 182.217 195.085 196.967 200.592 204.383 : 208.980 [208.982] 209.987 222018
v 9-103 | 104 105 106 107 108 109 110 11 112 113 115 116 117 118
\f Rf Db Sg Bh Hs Mt Ds Rg Cn Uut Uup Lv |Uusf Uuo
Frag€ium Rutherfordium  Dubnium Seaborgium Bohrium L
223,020 226.025 261] 1

um Meitnerium Darmstadtium Roentgenium Copernicium
[262] 266 72 2771

Hassi Ununoctium
[264] [269] 1268] [269] 2721

L
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1A

H

Hydrogen
1.008

3
.
Li
Lithium
6.941

11Na

Sodium
22.990

19

K

Patassium
39.098

1

37
Rb

Rubidium
85.468

55
Cs

Cesium
132.905

7

Fr
Francium
223.020

18

VIIIA
8A
2
13 14 15 16 17 H e
1A IVA VA VIA VIIA Helium
2A 3A 4A 5A 6A A 4.003
4 5 6 y f 8 9 10
Be B C N O F Ne
Beryllium Boron Carbon Nitrogen Oxygen Fluorine Neon
9.012 10.811 12.011 14.007 15.899 18.998 20.180
12 13 14 15 16 17 18
9 3 4 5 6 7 8 9 10 1 12 Al Si P S Cl Ar
M s IvB VB viB viiB Vi 1B 1B Al S| P S Cl
;%h:la;m 3B 4B 5B 6B 7B /_ 8 —\ 1B 2B I;gga\ém 2!}3"83?5 h;ggl_;‘;us 32“‘(;;“6 3@‘:1’[’:‘; 3‘9’39‘3;\8
20 21 22 23 24 25 26 27 28 29 30 3 32 33 34 35 36
Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
Calcium Scandium Titanium Cl Iron Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
40.078 44.956 47.867 50.942 51.996 54.938 55.845 58.933 58.693 63.546 65.38 69.723 72.631 74.922 78.971 79.904 83.798
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
Strontium Yttrium Zirconium Niobium n Ruthenil Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
87.62 88.906 91.224 92.906 95.95 98.907 101.07 102.906 106.42 107.868 112.414 114.818 118.711 121.760 127.6 126.904 131.294
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 H TI Pb Bi Po At Rn
Barium Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
137.328 178.49 180.948 183.84 186.207 180.23 182.217 195.085 196.967 200.592 204.383 207.2 208.980 [208.982] 209.987 222018
88 89-103 104 105 106 107 108 109 110 11 112 113 114 115 116 117 118
Ra Rf Db Sg Bh Hs Mt Ds Rg Cn Uut Fl Uup Lv Uus Uuo
Radium Rutherfordium  Dubnium Seaborgium Bohrium Hassium Meitnerium Darmstadtium Roentgenium Copernicium vium | L L n
226.025 261] [262] 266 1264] [269] 1268] [269] [272] 12771 unknown [289] unknown (298] unknown | unknown
o 190110 | e 45 E uwu 3 i £ 1ue.ouu corouL s Lo S 3
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
fee Ac  Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr



1
1A
1A

1H.

Hydrogen
1.008

3
.
Li
Lithium
6.941

11Na

Sodium
22.990

19

K

Potassium
39.098

37
Rb

Rubidium
85.468

55
Cs

Cesium
132.905

87
Fr

Francium
223.020

18
VIIA
8A
O 2
2 K 13 14 15 16 17 He
A h A IVA VA VIA VIIA Helium
2A 3A 4A 5A 6A A
4 5 7 8 9 10
Be B C N O F Ne
Beryllium Boron Carbon Nitrogen Oxygen Fluorine Neon
9.012 10.811 12.011 14.007 15.999 18.998 20.180
12 13 14 15 16 17 18
9 3 4 5 6 7 8 9 10 1 12 Al Si P S Cl Ar
M 113 VB VB vie ViiB vii 1B n Alumi Sili Phosph Sulft Chiorl Al
%305 | 3p 4B 5B 6B 7B v 8 Y 1B 28 2658 | oBOB | m0oTe | 3066 | asasy | 39048
20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
Calcium Scandium Titanium i Iron Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
40.078 44.956 47.867 50.942 51.996 54.938 55.845 58.933 58.693 63.546 65.38 69.723 72.631 74.922 78.971 79.904 83.798
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
Strontium Yitrium Zirconium Niobium i Rhodium | Palladium Silver Cadmium Indium Tin Antimony | Tellurium lodine Xenon
87.62 88.906 91.224 92.906 95.95 98.907 101.07 102.906 107.868 112.414 114.818 118.711 121.760 127.6 126.904 131.294
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
Barlum Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
137.328 178.49 180.948 183.84 186.207 190.23 192.217 195.085 196.967 200.592 204.383 207.2 208.980 [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 Fl Uup Lv Uus Uuo
Radium Rutherfordium ~ Dubnium Seaborgium Bohrium Hassium Meitnerium  Darmstadtium Roentgenium  Copernicium = Ununtrium Flerovidm | L L L 1
226.025 [261] [262) [266] [264] [269] [268] [269] [272] 2771 unknown 1289] unknown [298] unknown | unknown
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
Lanthanid:
‘e La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Lanthanum Cerium  Praseodymium Neodymium | Promethium i pi i Terbium | Dysprosium | Holmium Erbium Thulium Ytterbium Lutetium
138.905 140.116 140.908 144.243 144.913 150.36 151.964 157.25 158.925 162.500 164.930 167.259 168.934 173.055 174.967
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
Actinid
cinee - Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
Actinium Thorium | Protactinium | Uranium Curium c Fermium La
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]
© 2014 Todd Helmenstine
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Periodic Table of the Elements

2
Q 17 He

Hydrogen 1A IVA VA VIA VIIA Helium
1.008 2A 5A B6A 7A 4.003
4 7 8 9 10
Li Be B N O F Ne
Lithium Benyllium Boron Nitrogen Oxygen Fluorine Neon
6.941 9.012 10.811 14.007 15.999 18.998 20.180
11 12 13 . 15 16 17 18 e
Na 9 3 4 5 6 7 3 9 10 11 12 Al Si P S Cl Ar
Sodi M; ne VB VB viB vie Vil B 1B Alumi Sili Phosph Sulf Chlori Al
2;.9“9‘8 azing.f&;m 3B 4B 5B 6B 7B ¥ 8 % 1B 2B ;é“QnBuZm 28.8‘2’3’(‘3 3“5?97“1;”5 32"!0;{3 35.“4’5:‘; 39’%?8
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K CajJ Sc Ti V Cr Mn Fe Co Ni Cu ZnjGa Ge As Se Br Kr
Potassium Calcium Scandium Titanium i Chromi Iron Cobalt Nickel Copper Zinc Gallium | Germanium Arsenic Selenium Bromine Krypton
39.098 40.078 44.956 47.867 50.942 51.996 54.938 55.845 58.933 58.693 63.546 65.38 69.723 72631 74.922 78.971 79.904 83.798
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Srf Y Zr Nb Mo Tc Ru Rh Pd Ag CdfIn Sn Sb Te | Xe
Rubidium Strontiun Yttrium Zirconium Niobium n Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
85.468 87.62 88.906 91.224 92.906 95.95 98.907 101.07 102.806 106.42 107.868 112.414 114.818 118.711 121.760 1276 126.904 131.204
55 56 57-71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba Hf Ta W Re Os Ir Pt Au Hgjl TI Pb Bi Po At Rn
Cesium Barium Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
132.905 137.328 178.49 180.948 183.84 186.207 190.23 192.217 195.085 196.967 200.592 204.383 207.2 208.980 [208.982] 209.987 222.018
104 105 108 107 ann 111 112 113 114 115 116 117 118
57 58 59 60 61 62 63 64 65 66 67 68 69 70 7
Lanthanid
e La Ce Pr Nd Pm Sm Eu Gd Tb Dv Ho Er  Tm Yb Lu
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-

13 14 - ‘
1A IVA VA Helium
2A 3A 4A 5A H0d
% 4 ‘ - ) 5 6 7 10
Be N B- C N F  Ne
Beryllium Boron Carbon Nitrogen Oxygen Fluorine Neon
’ 9.012 ‘ 10811 12.011 14.007 16.999 08 20.180
13 14 15 17 18
4 5 6 7 8 9 10 11 12 Al Si ' P S Cl Ar
{1]:) IVB VB viB viie vin B 1B Alumi Sili Phosph Sulfy Chlori A
x\ 3B 4B 5B 6B 7B ¥ 8 v 1B 2B 2“6"‘9'%‘3“2m 28,8?3% ;3?9;;“5 32“.0%’6 35?4’5“3" SE;%TB
® 21 22 23 24 25 26 27 28 29 30 31 32 33 34 36
L\ Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
Potassium Calcium Scandium Titanium Cl M Iron Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
39.098 40,078 44.956 47.867 50.942 51.996 54,938 55.845 58.933 58.693 63.546 65.38 69.723 72631 74.922 78.971 79.904 83.798
37 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 I Xe
Rubidium Strontium Yttrium Zirconium Niobium Rhodium Palladium Silvel Cadmium Indium Tin Antimony Tellurium lodine Xenon
85,468 87.62 88.906 91.224 92.906 95.95 98,907 101.07 102.906 106.42 107.868 112.414 114.818 118.711 121.760 1276 126,904 131.204
55 56 57-711 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba Hf Ta W Re Os Ir Pt Au Hg TI Pb Bi Po At Rn
Cesium Barium Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
132.905 137.328 178.49 180.948 183.84 186.207 190.23 192.217 195.085 196.967 200.592 204,383 2072 208.980 (208.982] 209.987 222,018
87 88 89-103 | 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
Fr Ra Rf Db Sg Bh Hs Mt Ds Rg Cn Uut FI Uup Lv Uus Uuo
Francium Radium Rutherfordium  Dubnium Seaborglum Bohrium Hassium Y Roentgenium [ Flerovium L L
223.020 226.025 [261] [262] [266] [264] [289] [268] [269] [272] [277 unknown [289 unknown (298] unknown unknown
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
Lanthanid:
owee La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Lanthanum Cerium P dymit Samarium Europium Gadolinium Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
138.905 140.116 140.908 144.243 144913 150.36 151.964 157.25 158.925 162.500 164.930 167.259 168.934 173.055 174.967
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
Actinid
o Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
Actinium Thotium Protactinium Uranium I A Curlum Ce Fermium
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]
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Rubidium
85.468

55
Cs

Cesium
132.905

87
Fr

Francium
223.020

ECRE

VIIA
8A
O 2
K 13 14 17 He
h A IVA VA VIA VIIA Helium
3A 4A LY TA ahas
5 6 9 10
B C O F Ne .
Boron Carbon Nitrogen Oxygen Fluorine Neon
10.811 12.011 14.007 15.999 18.998 20.180
13 14 16 17 18
9 3 4 5 6 7 8 9 10 1 12 Al Si P S Cl Ar
113 VB VB vie ViiB vii 1B n Alumi Sili Phosph Sulfu Chiorl Al
4 305 35 4B 5B 6B 7B e 8 N 1B 28 2658 | oBOB | m0oTe | 3066 | asasy | 39048
v 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
Calcium Scandium Titanium i Iron Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
40.078 44.956 47.867 50.942 51.996 54.938 55.845 58.933 58.693 63.546 65.38 69.723 72.631 74.922 78.971 79.904 83.798
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
Strontium Yitrium Zirconium Niobium i Rhodium | Palladium Silver Cadmium Indium Tin Antimony | Tellurium lodine Xenon
87.62 88.906 91.224 92.906 95.95 98.907 101.07 102.906 107.868 112.414 114.818 118.711 121.760 127.6 126.904 131.294
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
Barlum Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
137.328 178.49 180.948 183.84 186.207 190.23 192.217 195.085 196.967 200.592 204.383 207.2 208.980 [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 Fl Uup Lv Uus Uuo
Radium Rutherfordium ~ Dubnium Seaborgium Bohrium Hassium Meitnerium  Darmstadtium Roentgenium  Copernicium = Ununtrium Flerovidm | L L L
226.025 [261] [262) [266] [264] [269] [268] [269] [272] 2771 unknown 1289] unknown [298] unknown | unknown
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
Lanthanid:
‘e La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Lanthanum Cerium  Praseodymium Neodymium | Promethium i pi i Terbium | Dysprosium | Holmium Erbium Thulium Ytterbium Lutetium
138.905 140.116 140.908 144.243 144.913 150.36 151.964 157.25 158.925 162.500 164.930 167.259 168.934 173.055 174.967
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
Actinid
cinee - Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
Actinium Thorium | Protactinium | Uranium Curium Fermium La
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]

© 2014 Todd Helmenstine
sclencenotes.org






oML BondS V5. Covalent Bonds

1
1A
1A

1H.

Hydrogen
1.008

a3
.
Li
Lithium
6.941

11Na

Sodium
22.990

19

K

Potassium
39.098

7
Rb
Rubidium
85.468

55
Cs

Cesium
132.905

87
Fr

Francium
223.020

3

[
18
VIIA
8A
2 K 13 14 15 16 17 He
A h A IVA VA VIA VIIA Helium
2A 3A 4A 5A 6A A
4 5 6 7 8 9 10
Be B C N O F Ne
Beryllium Boron Carbon Nitrogen Oxygen Fluorine Neon
9.012 10.811 12.011 14.007 15.999 18.998 20.180
12 13 14 15 16 17 18
9 3 4 5 7 8 9 10 11 12 Al Si P S Cl Ar
M ne VB VB vie ViiB vii 1B n Alumi Sili Phosph Sulft Chiorl Al
%305 | 3p 4B 5B 6B 7B v 8 Y 1B 28 2658 | oBOB | m0oTe | 3066 | asasy | 39048
20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
Calcium Scandium Titanium i Iron Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
40.078 44.956 47.867 50.942 51.996 54.938 55.845 58.933 58.693 63.546 65.38 69.723 72.631 74.922 78.971 79.904 83.798
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
Strontium Yitrium Zirconlum Niobium y i Rhodium | Palladium Silver Cadmium Indium Tin Antimony | Tellurium lodine Xenon
87.62 88.906 91.224 92.906 95.95 98.907 101.07 102.906 107.868 112.414 114.818 118.711 121.760 127.6 126.904 131.294
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
Barlum Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
137.328 178.49 180.948 183.84 186.207 190.23 192.217 195.085 196.967 200.592 204.383 207.2 208.980 [208.982] 209.987 222.018
88 89-103 104 105 106 107 108 109 110 gk} 112 113 114 115 116 117 118
Ra Rf Db Sg Bh Hs Mt Ds Rg Cn Uut Fl Uup Lv Uus Uuo
Radium Rutherfordium ~ Dubnium Seaborgium Bohrium Hassium Meitnerium  Darmstadtium Roentgenium  Copernicium = Ununtrium Flerovium | L L L 1
226.025 [261] [262) [266] [264] [269] [268] [269] [272] 2771 unknown 1289] unknown [298] unknown | unknown
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
Lanthanid:
‘e La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Lanthanum Cerium  Praseodymium Neodymium | Promethium i P i Terbium | Dysprosium | Holmium Erbium Thulium Ytterbium Lutetium
138.905 140.116 140.908 144.243 144.913 150.36 151.964 157.25 158.925 162.500 164.930 167.259 168.934 173.055 174.967
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
Actinid
cinee - Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
Actinium Thorium | Protactinium |~ Uranium | Neptunium | Plutonium | Americium Curium Berkelium | Californium | Einsteinium | Fermium La
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]

© 2014 Todd Helmenstine
sclencenotes.org
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oNiC CoMdS Vo, Covalent %o(\&

dic Table of the Elemenis fon- MQ'\'\\ 5

13 14 15 16
Hydrogen 1A IVA
002 2A A
3 4 6 7
Li Be B C N O F Ne
Lithium Beryllium Boron Carbon Nitrogen Oxygen Fluorine Neon
6.941 9.012 10.811 12.011 14.007 15.999 18.998
13 14 15 16 17 18
N a 9 3 4 5 6 7 8 9 10 1" 12 AI S I P S C I Ar
Sodi M 113 VB VB vie ViiB vii 1B ns Alumil Sill Phosph Sulfi Chiori A
2;.9“9"8 agne 3B 4B 5B 6B 7B ¥ 8 ¥ 1B 2B 26082 28 8%?5 ggpg;“rus 3; 0%’6 35.04'5? 39’.%;4“8
19 20 21 22 23 24 25 26 27 28 29 30 32 33 34 35 36
K Ca Sc Ti V Cr Mn Fe Co Ni Cu ZnjiGa Ge As Se Br Kr
Potassium Caleium Scandium Titanium i Iron Cobalt Nickel Copper Zine Gallium Germanium Arsenic Selenium Bromine Krypton
39.098 40.078 44.956 47.867 50.942 51.996 54.938 55.845 58.933 58.693 63.546 65.38 69.723 72.631 74.922 78.971 79.904 83.798
39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cdf In Sn Sb Te | Xe
Rubidium Strontium Yttrium Zirconium Niobium i Rhodium Palladium Silver Cadmiul Indium Tin Antimony Tellurium lodine Xenon
85.468 87.62 88.906 91224 92.906 95.95 98.907 101.07 102.906 107.868 112.414) 114.818 118711 121.760 127.6 126.904 131.294
56 57-71 72 73 74 75 76 77 78 79 80 82 83 84 85 86
Cs Ba Hf Ta W Re Os Ir Pt Au Hg)l TI Pb Bi Po At Rn
Cesium Barium Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury| Thallium Lead Bismuth Polonium Astatine Radon
132.905 137.328 178.49 180.948 183.84 186.207 190.23 192.217 195.085 196.967 200.5924 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
Fr Ra Rf Db Sg Hs Mt Ds Rg CnjUut FlI Uup Lv Uus Uuo
Francium Radium Rutherfordium ~ Dubnium Seaborgium Elohrlum Hassium Meitnerium | Darmstadtium Roentgenium Coperniciu Ununtrium Flerovium
223.020 226.025 [261] [262] [266] [264] [269] [268] [269] [272] 1277] unknown 289

unknown (298] unknown unknown

59 61 62

57 58 63 66 68
tomee La | Ce  Pr Nd Pm Sm Eu Gd Tb Dy Ho

Lanthanum Cerium  Praseodymium Neodymium | Promethium
138.905 140.116 140.908 144.243

70

69 71
Er Tm Yb Lu

pi Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
144.913 150.36 151.964 157.25 158.925 162.500 164.930 167.259 168.934 173.055 174.967

91 92 93 94 95 96 97 98 99 100 101 102 103
ponie. Ac 0 Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
Actinium Thorium Protactinium Uranium Curium C

Fermium
227.028 232,038 231.036 238.029 237.048 244,064 243.061 247.070 247.070 251.080 [254] 257.095

La
258.1 259.101 [262]

© 2014 Todd Helmenstine
sclencenotes.org
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s W\C— CO\\,M“ * '\'é\\$ YOU\. Casbon- G galence e~

co\uma Y

A - ONLY
1 COVALENT- 0!

1A

A on-mexa\s 4

1 H Periodic Table of the Elements
L 2

Hya A =
i il Oxy ke
3 4
Li Be Ao
Lithium Beryllium Fluorine Neon o
6.941 9.012 18.998 20.180
1 12 18
Na 9 3 4 5 6 7 8 9 10 11 12 Ar
Sodi M 113 VB VB vie ViiB vii 1B ns Sulf Chiori A
2;.9“9"8 azingggm 3B 4B 5B 6B 7B ¥ 8 ¥ 1B 2B 3; 0%’6 35.04'5"3e 39’.%04“8
19 20 21 22 23 24 25 26 27 28 29 30 36
K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Br | Kr
Potassium Caleium Scandium Titanium i Iron Cobalt Nickel Copper Zine Gallium Germanium Selenium Bromine Krypton
39.098 40.078 44.956 47.867 50.942 51.996 54.938 55.845 58.933 58.693 63.546 65.38 72.631 79.904 83.798
37 38 39 40 41 42 43 44 45 46 47 48 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd 1 | Xe
Rubidium Strontium Yttrium Zirconium Niobium i Rhodium Palladium Silver Cadmium Antimony lodine Xenon
85.468 87.62 88.906 91.224 92.906 95.95 98.907 101.07 102.906 106.42 107.868 112.414 114.818 121.760 126.904 131.294
55 56 57-71 72 73 74 75 76 77 78 79 80 81 82 B 84 B5 6
Cs Ba Hf Ta W Re Os Ir Pt Au Hg| TiI] Pb | B At | Rn
Cesium Barium Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
132.905 137.328 178.49 180.948 183.84 186.207 190.23 182.217 195.085 196.967 200.592 204.383 208.980 [208.982] 209.987 222.018
87 88 89-103 104 105 106 107 108 109 110 111 112 118
Fr Ra Rf Db Sg Bh Hs Mt Ds Rg Cn sjUuo
Francium Radium Rutherfordium ~ Dubnium Seaborgium Bohrium Hassium Meitnerium | Darmstadtium Roentgenium  Copernicium{Sll Ununtrium Ununoctium
223.020 226.025 [261] [262] [266] [264] [269] [268] (269] 272] [277] i unknown
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
Lanthanid
‘e La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Lanthanum Cerium Praseodymium Neodymium = Promethium i pil i Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
138.905 140.116 140.908 144.243 144.913 150.36 151.964 157.25 158.925 162.500 164.930 167.259 168.934 173.055 174.967
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
Actinid
cinee - Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
Actinium Thorium Protactinium Uranium Curium C. Fermium Lan
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]

© 2014 Todd Helmenstine
sclencenotes.org
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TomC BoMds Vs, Covaletr Bonds

Nlon -metels QNLY
N_Q_'.Y \oNsS —>I\_LC_) dnatoes

Periodic Table of the Elements

—
o wer | e | s aneoxhec Q:"Q(Y\ =
13 15 Je o
7 8 9 10 11 12 Al Si P S e \ s
Vi viil 1B e
e —vi—— B e | wmn | st || s § e e o S electrion
25 26 27 28 29 30 31 32 33 34 o 6 |
Mn Fe Co Ni Cu Zn] Ga Ge As Se Br | Kr eact\n bon
Manganese Iron Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine | Krypton
54.938 55.845 58.933 58.693 63.546 65.38 69.723 72.631 74.922 78.971 79.904 83.798
43 44 45 46 47 48 40 50 51 52 53 4 “
Tc Ru Rh Pd Ag Cdj In Sn Sb Te | |Xe
n Technetium  Ruthenium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
98.907 101.07 102.906 106.42 107.868 112.414 114.818 118711 121.760 1276 126.904 131.204
75 76 77 78 79 80 81 82 83 84 85
Re Os Ir Pt Au Hgl TI Pb Bi Po At
Rhenium Osmium Iridium Platinum Gold Mercur’ Thallium Lead Bismuth Palonium Astatine
186.207 190.23 192.217 195.085 196.967 200.59; 204.383 207.2 208.980 [208.982] 209.987 T }
107 108 109 110 111 112 113 114 115 116 117 -
Bh Hs Mt Ds Rg Cny Uut FI Uup Lv Uus Q& H
n Bohrium Hassium Meitnerium ' Darmstadtium Roentgenium Coperniciur Ununtrium Flerovium | L L L g ufr
[264] [269] [268] [269] [272] 277] nknown [289] unknown [298] unknown 2 M S
61 62 63 64 65 66 67 68 R0 7 —
Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
dymium | P Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
14.243 144913 150.36 151.964 157.25 158.925 162.500 164.930 167.259 168.934 173.055 174.967

101 102 103

93 94 95 96 97 98 99 100
U Np Pu Am Cm Bk Cf Es Fm Md No Lr
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;LON d Covoalent
«Tons ONnly *NoN Tons (2ero charoes)
(@d\u%o. and @dn&“%') | ¢, Between NON-METALS ONLY
= Gerween a N\ETI\L. Vo @ ¢ ‘Cooperate’ = S\hate electrons
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--..u.‘

Rowk = 0rbive\s | < @)

Evu'\ww Y I . .

VIIIA
1A L 0 8A
a New or\\hp\ d 0] Periodic Table of the Elements
a H 2 13 14 15 16 17 H e
Hydrogen 1A 1A IVA VA VIA VIIA Helium
1.008 2A 3A 4A 5A 6A 7A 4.003
0 BB 5 6 7 8 9 10
Li e B C N O F Ne
’ Lithium Beryllium Boron Carbon Nitrogen Oxygen Fluorine Neon
o c 2 6.941 9.012 10.811 12.011 14.007 15.999 18.998 20.180
- * 13 14 15 16 17 18
1’0&0'\& o Na 9 3 4 5 6 7 8 ) 10 1 12 Al Si P S Cl Ar
=
=padrs m g vgse| W W Ve v ve w8 ] o e o | Sm | i
- 1* *o “s ? 19 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
=V#hero K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
5?*““*".“5 Plo0es | 007 | 449% | 47867 | 'soeaz | 5reo | skl | sos4s | 58033 | 5893 | 6atae | eo38 | cores | 7oedi | 7aeps | 7ner | 79804 | 89768
- . 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
-taor\:\\«\s Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
Rubidium Strontium Yttrium Zirconium Niobium n Rutheni Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
85.468 87.62 88.906 91.224 92.906 95.95 98.907 101.07 102.906 106.42 107.868 112.414 114.818 118.711 121.760 1276 126.904 131.294
== a:?o M 57-71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
XS Cs Ba Hf Ta W Re Os Ir Pt Au Hg TI Pb Bi Po At Rn
e Cesium Barium Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
% 132.905 137.328 178.49 180.948 183.84 186.207 190.23 192.217 195.085 196.967 200.592 204.383 207.2 208.980 [208.982] 209.987 222.018
LRK&EK 87 88 89-103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118

Fr Ra Rf Db Hs Mt Ds Rg Cn Uut FI

Francium Radium Rutherfordium  Dubnium | Seal rggum thrlum Hassium
[261]

D: Coper v wnt rovl L L L
223020 | 226025 [262] [zse] [264] [269] 1268] [269] [272] 277 unknown [289] unknown [298) unknown | unknown
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
Lanthanid
e La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Lanthanum Cerium y P Samarium | Europium | Gadolinium Terbium Dysprosium | Holmium Erbium Thulium Ytterbium Lutetium
138.905 140.116 140.908 144.243 144,913 150.36 151.964 157.25 158.925 162.500 164.930 167.259 168.934 173.055 174.967
89 90 91 92 93 95 96 97 98 99 100 101 102 103
Actinid
cmie Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
Actinium Thorium Protactinium Uranium Neptunium Plutonium Americium Curium C: Fermium | M L
227028 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]

©2014 Todd Halmenstine
sclencenotas.org
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18
NA VIIA
A 8A
1 —— 2
H ﬂ 15 16 17 He
Hydrogen VA VIA VIIA Helium
1.008 A 3A 4A 5A 6A 7A 4.003
-’ 6 7 8 10
Li e B C N O F Ne
Lithium Beryllium Boron Carbon Nitrogen Oxygen Fluorine Neon
6.941 9.012 10.811 12.011 14.007 15.999 18.998 20.180
1" 12 13 14 15 16 17 18
Na 9 3 4 5 6 7 8 9 10 11 12 Al Si P S Cl Ar
Sod| M, B IvB VB VIB vie Vil 1B 1B Alumi Sili Phosph Sulfs Chlori A
2%9”9% azgdng:’;m 3B 4B 5B 6B 7B ¥ 8 Y 1B 2B 2“5’" 9‘!‘!“2’“ 28 8?!% 5’85;5“ 3;0%% 353:5:‘32 39’5?8
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
Potassium Calcium Scandium Titanium cl Iron Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
39.098 40.078 44.956 47.867 50.942 51.996 54.938 55.845 58.933 58.693 63.546 65.38 69.723 72631 74.922 78.971 79.904 83.798
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
Rubidium Strontium Yttrium Zirconium Niobium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
85.468 87.62 88.906 91.224 92.906 95.95 98.907 101.07 102.906 106.42 107.868 112.414 114.818 118.711 121.760 1276 126.904 131.294
55 56 57-71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba Hf Ta W Re Os Ir Pt Au Hg TI Pb Bi Po At Rn
Cesium Barium Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
132.905 137.328 178.49 180.948 183.84 186.207 190.23 192.217 195.085 196.967 200.592 204.383 2072 208.980 [208.982] 209.987 222.018
87 88 89-103 104 105 106 107 108 109 110 11 112 113 114 115 116 117 118
Fr Ra Rf Db Sg Bh Hs Mt Ds Rg Cn Uut FI Uup Lv Uus Uuo
Francium Radium Rutherfordium  Dubnium Seaborgium Bohrium Hassium Ce L U Livermorium L
223020 | 226.025 261] 1262) [266] [264] 269] [268] [269] 1272] [277] unknown 289] unknown 298] unknown | unknown
57 58 59 60 61 62 63 64 65 - 69 70 71
Lanthanid: - e
e La  Ce Pr Nd Pm Sm Eu Gd Tb . . Er Tm Yb Lu
Lanthanum Cerium P F Samarium Europium Gadolinium Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
138.905 140.116 140.908 144.243 144913 150.36 151.964 157.25 158.925 162.500 164.930 167.259 168.934 173.055 174.967
100 101 102 103

Fm Md

No

Lr



Mmonr€ orbivra\s

<

1
1A vv VIIA
1A ’ BA
1 ” 2
H 2 13 14 15 16 s 17 H e
Hydrogen A 1A IVA VA VIA Helium
1008 2A 3A 4A 5A 6A 4 4803
4 5 6 7 8
Li Be B C N O Ne
Lithium Beryllium Boron Carbon Nitrogen Oxyge! Fluorine Neon
6.941 9.012 10.811 12.011 14.007 i 18.998 20.180
" 13 14 15 18
N a 9 3 4 5 6 7 8 9 10 11 12 Al C | AI"
Sodi M ne IvB VB vie ViiB Vil 1B {113 - il Phosph: Sulfi Chiori A
22950 Zﬁ““o 3B 4B 5B 6B 7B v/ h \ 1B 78086 | 30874 | 37066 | 35455 | 33548
19 21 22 23 24 25 26 27 28 29 30 33 34 35 36
K Ca Sc Ti V Cr Mn Fe Co Ni n Ga Ge As Se Br Kr
Potassium calcium Scandium Titanium i Iron Cobalt Nickel Zinc Gallium | Germanium Arsenic Selenium Bromine Krypton
39.098 40.078 44 956 47.867 50.942 51 996 54938 55.845 58.933 .| 65.38 69.723 631 74.922 78.971 79.904 83.798
37 38 39 40 41 43 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc Ag Cd In Sn Sb Te | Xe
Rubidium | Strontium Yitrium Zirconium Nioblum | Molybdenum | Techggig Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
85.468 87.62 92.906 85.85 101.07 102.906 106.42 107.868 112.414 114.818 118.711 121.760 6 126.904 131.294
55 56 75 76 g 78 79 80 81 82 83 84 85 86
Ba W Re Os Ir Pt Au Hg TI Pb Bi Po At Rn
Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
137.32 180.948 183.84 186.207 1980.23 192.217 195.085 196.967 200.592 204.383 207.2 208.980 [208.982] 209.987 222.018
7 B8 105 106 107 108 109 110 111 1312 113 114 115 116 117 118
Fr Db Sg Bh Hs Mt Ds Rg Cn Uut FI Uup Lv Uus Uuo
Francium Radium Rutherfordium  Dubnium Seaborgium Bohrium Hassium itneril D: fum i Copernicium | Ununtrium Flerovium | Ununpentium | Livermorium Ununseptium Ununoctium
226.025 26 [262] [266] [264] [269] [268] [269] [272] [277] unknown [289] unknown [298] unknown unknown
57 58 59 60 61 62 63 64 65 66 67 68 69 70 7
Lanthanid.
B\%es" e |3 Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Lanthanum Cerium  Praseodymium Neodymium  Promethium | Samarium | Europium | Gadolinium | Terbium | DysproSium = Holmium Erbium Thulium Ytterbium Lutetium
138.905 140.116 140.908 144.243 144.913 150.36 151.964 157.25 158.925 162.500 164.930 167.259 168.934 173.055 174.967
89 90 91 2 93 94 95 99 100 101 102 103
Actinid
ciee  Ac ' Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
Actinium Thorium | Protactinium | Uranium | Neptunium | Plutonium | Americium ini Fermium | Mendelevium  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 58.1 259.101 [262]
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Hydrogen
1.008

3
.
Li
Lithium
6.941

Sodium
22.990 24.305
19 0
Potassium Calcium
39.098 40.078
37 38
Rubidiu Strontium
85 463 7.62
55 56
C Ba
Ces Barium
. 137.328
88
Ka
Radium
226.025

leasX ..

Actinide
Series

1 8
Na g
agnesium

geries

89
Ac

Periodic Table of the Elements

4 5 6 7
Ve VB viB vie
4B 5B 6B 78
22 23 24 25
Ti V.  Cr Mn
Titanium Ci i
47.867 50.942 51.996 54.938
40 Py 42
Zr Nb MG Tc
Zirconium Niok
o6 95.95 98.907
72 73 74 75
Hf Ta W Re
Hafnium Tantalum Tungsten Rhenium
178.49 180.948 183.84 186.207
104 105 106 107
Rutherfordium  Dubnium SeabOIgQJm Bohrium
[261] [262] [266] [264]
57 58 59 60 61
La Ce Pr Nd Pm
Lanthanum Cerium i i
138.905 140.116 140.908 144.243 144913

Meitnerium  Darmstadtium Roentgenium Copernicl
[

2 63 64 65 66
Sm Eu Gd Tb Dy

9 9

0
Th

92

1 93
Pa U Np

Actinium Thorium Protactinium Uranium

4 95 96 97
Pu Am Cm Bk

227.028 232.038 231.036 238.029 237.048

13
na
3A

5

Boron
10811
4
Al  Si
1B Aluminum
28 26.982
30 31 32
Zn) Ga
Zinc Gallium Germanium
65.38 69.723

49

48
Cdf In

Cadmiuny Indium
114.818

[277]

Terbium Dysprosium
158.925 162.500

98

&

6

Ho

Holmium
164.930

99
Cf Es

Fluorine Neon
; 20,180 ‘\0

Bromine Krypton
79.904 83.798

lodine Xenon
126.904 131.294

5
Astatine Radon
209.987 222.018

el

C No¥ _ne

17 He msT

Kr

54
Xe

8|

6
Rn

118

Yb “Lu

247.070 251.080

[254]

nNe
Lutetium

174.967

103

LLr

[262]
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Meral\ic Chasocke RS
) u»‘* r"

1A 8A
1 Periodic Table of the Elements 2
H 2 13 17 He
Hydrogen A 1A . VIIA Helium
1.008 2A 7A 4.003
3 4 b 9 10
Li Be F Ne
Lithium Beryllium Boron Carbon Nitrogen Oxygen Fluorine Neon
6.941 9.012 10.811 12.011 14.007 15.999 18.998 20.180
11 12 13 14 15 16 17 18
Na M 9 3 4 5 6 7 8 Al Si P S Cl Ar
Sodium Magnesfum 111:3 ve VB viB viiB Aluminum Silicon Phosphorus Sulfur Chlorine Argon
22.990 24.305 3B 4B 5B 6B 7B ¥ 1B 28 26.982 28.086 30.974 32.066 35.453 39.948
19 20 21 22 23 24 25 26 28 29 30 31 32 33 34 35 36
K Ca Sc¢c Ti V Cr Co Ni Cu Zn Ga Ge As Se Br Kr
Potassium Calcium Scandium Titanium Vanadium Chromium Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
39.098 40.078 44.956 47.867 50.942 | 51.996 55.845 58.933 58.693 63.546 65.38 69.723 72.631 74.922 78.971 79.904 83.798
37 38 39 40 41 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr 0 Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
Rubidium | Strontium Yitrium o Obium i Rhodium | Palladium Silver Cadmium Indium Tin Antimony | Tellurium lodine Xenon
85.468 87.62 92.906 95.95 98.907 101.07 102.906 106.42 107.868 112.414 114.818 118.711 121.760 127.6 126.904 131.294
55 56 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ta W Re Os Ir Pt Au Hg TI Pb Bi Po At Rn
Cesium Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
178.49 180.948 183.84 186.207 190.23 192.217 195.085 196.967 200.592 204.383 207.2 208.980 [208.982] 209.987 222.018
03 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
Rf Db Sg Bh Hs Mt Ds Rg Cn Uut Fl Uup Lv Uus Uuo
Radium Rutherfordium ~ Dubnium Seaborgium Bohrium Hassium Meitnerium  Darmstadtium Roentgenium  Copernicium = Ununtrium Flerovium | L L L 1
226.025 [261] [262) [266] [264] [269] [268] [269] [272] 2771 unknown 1289] unknown [298] unknown | unknown
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
Lanthanid:
‘e La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Lanthanum Cerium  Praseodymium Neodymium | Promethium i pi i Terbium | Dysprosium | Holmium Erbium Thulium Ytterbium Lutetium
138.905 140.118 140.908 144.243 144.913 150.38 151.964 157.25 158.925 162,500 164.930 167.259 168.934 173.055 174.967
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
Actinid
cinee - Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
Actinium Thorium | Protactinium | Uranium Curium c Fermium La
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]
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18
1A VIIIA
1A B . 8A

1 Periodic Table of the Elements 2
H 2 13 14 15 16 17 He
Hydrogen A na va ¢ va VIA VIIA Helium
1.008 2A 3A 4A 4 5A 6A 7A
4 5 6 V7 8 9 10
Li Be B C N 0) F Ne
Lithium Beryllium Boron Carbon ,  Nitrogen Oxygen Fluorine Neon
6.941 9.012 10.811 12.011 & 14.007 15.999 18.998 20.180
11 13 14 115 16 17 18
Na 9 3 4 5 6 7 8 9 10 1 12 Al Si' P S Cl Ar
Sodi M 111:3 ve VB viB viiB Vil 1B ne Alumi Sili « Phosph Sulf Chlori| Al
5000 | 2450 38 48 5B s 78 "4 o N 18 28 20085 | 28086 L S0.74 | az0B6 | 35455 | 29048
19 1 22 23 24 25 26 27 28 29 30 31 32 433 34 35 36
K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge, As Se Br Kr
Potassium Calcium Scandium Titanium i Iron Cobalt Nickel Cnpper Zinc Gallium Germanlum Arsenic Selenium Bromine Krypmn
39.098 40.078 44.956 47.867 50.942 51.996 54.938 55.845 58.933 58.693 63.546 65.38 69.723 72.631 74.922 78.971 79.904 83.798
37 38 39 40 41 42 43 44 45 46 47 48 49 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd |In Sn Sb Te | Xe
Rubidium Strontium Yttrium Zirconium Niobium it Rhodium Palladium Silver Cadmium Indium ' Antimony Tellurium lodine Xenon
87.62 88.906 91.224 92.906 95.95 98.907 101.07 102.906 107.868 112.414 114.818 118711 s 121.760 1276 126.904 131.294
55 56 57-71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba Hf Ta W Re Os Ir Pt Au Hg TI Pb: Bi Po At Rn
Cesium Barium Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead ' Bismuth Polonium Astatine Radon
132.905 137.328 178.49 180.948 183.84 186.207 190.23 192.217 195.085 196.967 200.592 204.383 207.2 208.980 (208.982] 209.987 222.018
87 88 89-103 104 105 106 107 108 109 110 111 112 113 114 J115 116 117 118
o
Fr Ra Rf Db Sg Hs Mt Ds Rg Cn Uut :Uup Lv Uus Uuo
Francium Radium Rutherfordium ~ Dubnium Seaborgium Elohrlum Hassium Meitnerium | Darmstadtium Roemgenium Copernicium | Ununtrium Flerovium 0L
223.020 226.025 [261] [262] (266] [264] [269] [268] [269] (272 [277] unknown [289] ; unknown (298] unknown unknown
57 58 59 61 62 67 68 69 70 7
Lanthanid
emmenice La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Lanthanum Cerium Praseodymlum Needymmm Promethium Terbium Dyspmsmm Holmium Erbium Thulium Ytterbium Lutetium
138.905 140.116 140.908 144.243 144.913 150.36 151.964 157.25 158.925 162.500 164.930 167.259 168.934 173.055 174.967
89 90 91 92 93 94 95 96 97 98 100 101 102 103
Actinid
cinee - Ac ' Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
Actinium Thorium Protactinium Uranium Neptunium Plutonium Americium Curium Berkelium Californium Einsteinium Fermium La
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]
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