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Table 2.3 Physical properties of group 13 elements

Property Boron | Aluminum | Gallium Indium | Thallium
Elysics sttt [ oot Solid Solid Solid Solid
293 K
Atomic Number 5 13 31 49 81
ISOtopeS llB 27A1 69Ga llSIn ZOSTl
ALOIIE Mass 10.81 26.98 69.72 114.81 204.38
(g.mol™" at 293 K) ; i i ; i
= 10 2 10 2 4
Electrom.c [Hel2s 2p! | [Ne]3s? 3p [Ar]3dl 4s* | [Kr] 4dl 5s [)lie] zlf’ |
configuration 4p 5p 5d" 6s® 6p
Atomic radius (A) | 1.92 1.84 1.87 1.93 1.96
. -3
Density(g.omat |- 54 2.70 5.91 7.31 11.80
293 K)
Melting point (K) | 2350 933 302.76 429 577
Boiling point (K) | 4273 2792 2502 2300 1746
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Atomic radius (pm) 85 143 135 167 170
Ionic radius {prmYy M=+ | 27 £E3.5 | 62.0 | 80.0 [ 28.5
Density (g cm™3) 2,35 [=2.70 [ 5.90 [ 7.31 [ 11.8G
Ionization energy I|800 | 577 | 578 EE8 | 59O
(k1 mal-I} II | 2429 | 1816 | 1979 | 15820 ( 1971

III | 3659 | 2744 | 2962 | 1704 | 2877
Electranegativity 2.0 1.5 1.6 1.7 1.8
Melting point (K} 2453 [ 933 [ 303 [ 420 | 576
Boiling point (K3 3023 [ 2740 [ 2676 | 2353 | 1720
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4Al(s)+30,(8) — Al O4(s)
2Al(s)+N,(g) 2AIN(s)

2) 3 BBe® »nm» a®cwm ©w®® (HCI)
2Al(s) +6HCl(agq) — > 2AlCl;(aq) +3H,(g)

DB
3) 2Al(s) + 3H,SO,(aq) ——= Al,(SO4), (aq)+ 3H,(g)

C x| wsYg
2Al(s) + 6H,SO,(aq) —> Al,(SO4), (aq)+ 3H,0 (1) +350,(g)

3) @ic®Be® vd® wO®

2Al(s) +20H(aq) +6H,0() — 2[Al(OH),] (aa)+ 3H,(g)
2Al(s) +2NaOH(aq) +6H,0(l) — 2Na[Al(OH),] (ag)+ 3H,(g)



cveen 8 (Al,O;,PbO, PbO, ,Sn0O SN0,

/n0,)
Al,O;(s) + 6HCl(ag) —— 2AlCl;(aq) + 3H,0()
A|203(s) + 2NaOH(ag) ——  2NaAlO,(aq) + H,0()

AlO, awmw SEw @dxewd 30ABsTeny [AI(OH),] eceass .

Al,O5(s) + 2NaOH(aqg) + 3H,0() —— 2Na[Al(OH),]" (aq)

Na*!  [AI(OH),]

l

+3



. OH2
Standard Enthalpy of Hydration Al H,0., | OH,
AN

3+ ~
Al + 6QH2 E— Hzo/ | \OHz
lewis lewis t "
acid base B QHZ
AlB@g)+ aq ——> Al*3aq) AH®, , -4690kjmol* [AI(H,0)613*

Al(g) +6H,0 —> Al[(H,0)g1*3(aq) AH®, , -4690kjmol*

O-H bonds
weakened

shifts toward

electron density
o AlI*3 2wl B8OAD) E DO . aluminum ion HK%
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Al[(H,0)g 1*3(aq) + H,0 () ——— AIl[(OH)(H,0)s ]** (aq) +H;0" (aq) S

(b)




[AI(H,0)g]**

3+

H,0

AI[(OH)(H,0); **(aq) + H,0 ()

NS
_

[Al(H,0);OH]**

20 ¢60f NaOH 918 »&®ws dmn »eewisy

AIL(OH),(H,0); ] (5) |

AI(OH),(s)

50 ¢60f NaOH 918 »&®wx dmn »eewisy
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2+

+

AI[(OH),(H,0),]** (aq) +H;0* (aq)

Al[(OH);(H,0); ] (aq) + OH-(aq) FA Al[(OH),(H,0),] (aq) +H,0 (I)
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Use of Aluminium

Aluminium is used in a huge variety
of products including:

cans
foils
kitchen utensils

Uses of Aluminium in 2005

Electrical
2%

Packaging

18%
Consumer Goods

Building &

window frames Construct 8%
aeroplane parts. k vl
Coins Machinery &
Aluminium is a good electrical z Equipment
condugtor and is often_ usefj in iy Transport g,
electrical transmission lines. - 315
Aluminium coatings have many Other
uses, including N 6%
telescope mirrors ;-&%m :
decorative paper f‘ﬁm—ﬂn
packages f _
toys. bottle tops tube trains
saucepan% ‘i\ / / bicycle
cans < | 5 foil
ALUMINIUM g
aircraft / ladder

power lines clamp stands
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Table 2.4 Physical properties of group 14 elements

Property | carbon  |silicon | Germanium | Tin Lead
Physical state at : : . : :

293 K Solid Solid Solid Solid Solid
Atomic Number |6 14 32 50 82
Isotopes HEL PEME | 8, 98I 5e, 71Ge 2%Sn 22Pb
Melie s 12.01 28.09 72.63 118.71 207.2
(g.mol™ at 293 K)

Electronic s o 0«2 4 | [Kr]4d®® 58 | [Xe] 4f*
configuration L35 2p SINe e Jp | IATio S a8 0 5p? 5d' 6s? 6p*
Atomic radius (A) |1.70 2.10 2.11 217 2.02
Density (g.cm™ at

293 K) 3.51 2.33 5.32 7.29 11.30
Melting point (K) | Sublimes at | 1687 1211 505 601
Boiling point (K) [4098 3538 3106 2859 2022




Physical properties of group 14 elements

Element Carbon Silicon Germanium Tin l Lead

Classification

Valence electron

Atomic
adius(nm)

Melting point( "‘(.‘) 3 ’7()()

Boiling Point(°C) 462 2680

First ionisation

v 788
energy(kJ mol™) (

, . Non- )
Conductivity (Heat) oridiia Conductor . ’
Diamond (X) [ conductor Good conductor ol

Conductivity Graphite (V) : heat and electricity

, Semiconductor
(Electrical)

Slllhlhly Ul‘ U_\]dulu)n S“lhllll\' U" '4 U.\l(hlu“n state dt‘Cl‘t‘ilse

TS Stability of +2 oxidation state increase
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Structure of diamond Structure of graphite
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U.S. Graphite Consumption

Natural and synthetic on the basis of weight
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