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Properties of the Group 3A Elements

Wi Property Boron  Aluminum

Gallium

' Valence electron configuration 2522;71 15 3p1
| Common oxidation states 13 13
| ff  Atomic radis (pm) 83 14
A M fonic radius (pm) 51
| Firstionization energy (k] /ml) 801 o7
Electronegativity 20 15
o Redox potential, E (V) fo -087 -1.66

M (ag) +3e™ - M(s)

740 "E*for the eaction BOH)y(ag) + 3H* () + 3¢ =Bs) + SH,0()
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Ultrapure
silicon

Molten zone

Heating coil
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Repeating unit, Si2064"

(d)



Properties of the Group 4A Elements

Property Carbon Silicon Germanium Tin Lead
Valence electron configuration 25% 2p° 35 3p* 4 4p? 55 5p? 6s° 6p*
Melting point (°C) >3550° 1414 938 232" 327
Boiling point (°C) 3265 2833 2602 1749
Density (g/cm’) 351" 233 532 7.26" 113
Abundance in Earth’s crust (mass %) 0.020 28.2 0.0005 0.0002 0.0013
Common oxidation states +2, +4 +4 +4 +2, +4 +2, +4
Atomic radius (pm) 77 117 122 140 175
First ionization energy (k] /mol) 1086 786 762 709 716
Electronegativity LD 1.8 1.8 1.8 1.9
Redox potential, E° (V) for -0.14 -0.13

M?*(aq) + 20~ —>M(s)

Diamond
"White Sn
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Nitric Acid, HNO22 ° 1198058 & aio03 S0 s Sawl dgs S s
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White phosphorus
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Properties of the Group 5A Elements

Property Nitrogen  Phosphorus  Arsenic ~ Antimony  Bismuth

Valence electron configuration 5t 2’ 32 3’ syt 5 5p3 bs’ 6p3
Melting point (°C) -210 Y 14’ 631 7

Boiling point (°C) -1% 280 1587 1564
Atomic radius (pm) 75 110 120 140 150
First ionization energy (k]/mol) 1402 1012 947 834 703
Electronegativity 3. 21 20

White phosphorus
Sublimes
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Ozone Molecule

0 =116.5°
d =128A

q=20 e ; G'G = a cos(}ar)
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FeS(s) + YHCIl(aq) ——> H,S(g) + FeCl,(aq)

5 ot e ey 5 0aiSaas (K0 Sl 558 SOy 3,5 55 S ) (o0
’J-,‘:'LS‘ ‘_’....5.23 ,_5\}’;.-
S(s) + Oy (g)—> SO (g8)




Sulfur dioxide
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Sulfur trioxide
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Properties of the Group 6A Elements

Property Oxygen Sulfur Selenium Tellurium Polonium
Valence electron configuration 25> 2p* 35 3p 4% 4p* 552 5p* 6 6p*
Melting point (°C) -219 113 217 450 254
Boiling point (°C) -183 445 685 988 962
Atomic radius (pm) 66 104 116 143 167

X*~ ionic radius (pm) 132 184 191 211

First ionization energy (kJ/mol) 1314 1000 941 869 812
Electron affinity (kJ/mol) -141 —200 —195 —190 -183
Electronegativity 3.5 2.5 24 21 2.0

Redox potential, E°(V) for 1.23 0.14 -040 =079 —

X + 2H* + 2¢” > HyX

"Rhombic S
'Gray Se
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Oxoacids of the Halogens

Oxidation  Generic Name

State (formula) Chlorine Bromine Iodine

11 Hypohalousacid (HXO) ~ HCIO ~ HB:O  HIO

13 Halous acid (HXO,) HCIO,  — —

+5 Halic acid (HXO3) HCO3 HBI‘03 HIOg

7 Perhalic acid (HXO4) HCO4 HBI’O4 HIO4, H 5106

e —
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Bromide, Br~ Bromo Ammonia, NH; Ammine
Carbonate, CO32' Carbonato Water, H,0 Aqua
Chloride, C1~ Chloro Carbon monoxide, CO Carbonyl
Cyanide, CN ™ Cyano Ethylenediamine, en Ethylenediamine
Fluoride, F~ Fluoro
Glycinate, gly Glycinato
Hydroxide, OH™ Hydroxo
Oxalate, C,0,%~ Oxalato
Thiocyanate, SCN ™~ Thiocyanato

Isothiocyanato’
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“Right-handed”

[Co(en), 2+

“Left-handed”

[Co(en), 5=

Symmetry plane
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