
Chemical properties of the elements 

from IIIA group 

Lecture 8 



The main topics of the lecture: 

 
1. Overall characteristic of the elements from III А group 

2. Chemical properties of boron 

3. Compounds of boron 

4. The usage of boron containing compounds 

5. Chemical properties of aluminum 

6. Compounds of aluminum 

7. The usage of aluminum containing compounds 

 





ns 

np 

Electron configuration of the outer shell of 

elements from IIIA group: 

 

ns2 np1 



Properties of elements from III A group 

Properties  B Al Ga In Tl 

The abundance in the Earth 

crust, % 

6∙10-4 6.6 1.5∙10-3 

 

1.5∙10-5 

 

4.5∙10-5 

Atomic radius, nm  0.083 0.143 0.135 0.166 0.171 

Ionic radius Э3+, nm  0.027 0.054 0.061 0.080 0.189 

Ionization energy, 

Эо – е = Э+, eV 

8.298 5.986 5.998 5.786 6.108 

Electronegativity  2.04 1.61 1.81 1.78 2.04 



Main minerals - borates:  

 

 

Na2B4O7∙10Н2О - borax 

Na2[B4O5(OH)4]·8H2O  

 

 

 

H3BO3 = В(ОН)3 – boric acid (sassolite) 

BN – boron nitride  



 

Na2B4O7    →  H3BO3 → B2O3 → B 

B2O3 + 3Mg → 3MgO + 2B 

2ВВr3 + 3Н2  → 6HBr + 2B 

13000 

B2H6  → 2B + 3H2 
t0 

 +H2SO4 t0 +Mg 

The ways to produce boron 



+ H2 ≠ 

+ N2, P(1000 – 12000C) → BN, BP 

+ C (20000C) → B4C 

+ O2, S (600– 7000C) → B2O3, B2S3 

+ Cl2, Br2, I2 (400 – 9000C) → BHal3 

B BF3 

F2(20-250C) 

+ F- 

[BF4]
- 

Chemical properties of boron 



+ H2O  ≠ (at room temperature) 

+ H2O  → B2O3 + H2↑ 

 

+ H2SO4(conc.) → H3BO3 + SO2↑ 

+ HNO3(conc.) → H3BO3 + NO2↑ 

 

+ HCl, HF ≠ 

B 

5500 

t 

t 



2B + 2KOH(conc.) + 2H2O → 2KBO2 + 3H2↑ 

potassium 

metaborate 

4B + 4NaOH + 3O2  →  4NaBO2 + 2H2O 
in the melt 

sodium metaborate 

Metaborates 



Me4B, Me2B, MeB, Me2B4, MeB2, MeB6 

6MgB2 +  12HCl → H2 + B4H10 + 6MgCl2 + 8B 

Borides of metals 
(lower ones are enriched by a metal; 

higher ones are enriched by boron) 



Hydroborons (boranes) 

from 2 until 20 boron atoms 

BnHn+4 and BnHn+6 

B2H6(diborane), B4H10(tetraborane) } gases; 

B3H9, B6H10 }liquids;  

В10Н14 – solid substances 



B2H6 - diborane 

Electronegativity: 

 

B                                 1.5 

 

H                                 2.1 



B4H10 – tetraborane 

«Electron deficiency» 



B2H6  + 3О2 → B2O3 + 3H2О 

B2H6  + 6H2O → 2B(OH)3 + 6H2↑ 
H3BO3 = B(OH)3 

B2H6  → 2B + 3H2↑ 
t 

2NaH + B2H6 → 2Na[BH4] 

Sodium tetrahydrogenborate 



BF3 + 3H2O → H3BO3  + 3HF 

H2O: +    BF3 = H2O-BF3 

 

 

4BF3 + 3H2O → H3BO3 + 3H[BF4] 

 

BF3 + HF → H[BF4] 

Halides of boron 



4B + 3O2 → 2B2O3 

2H3BO3 → B2O3 + 3H2O 
t 

t 

B(OH)3 + 2HOH ↔ [B(OH)4]
- + H+

         

H3BO3 → HBO2 → H2B4O7 → B2O3 

t t t 

metaboric acid tetraboric acid 

B2O3 + 3H2O → 2H3BO3  ↔ 2[B(OH)3] 

Boric anhydride, boric acid 



4H3BO3 + 2NaOH + 3H2O → Na2B4O7 ∙ 10H2O 

CaO + B2O3 → Ca(BO2)2 

Sodium tetraborate (borax) 

Calcium metaborate 

in the melt 



B(OH)3 + 3C2H5OH  →  B(OC2H5)3 + 3H2O 
H2SO4 

triethylborate 



One of the ways to decrease 

the water hardness: 

 

Ca2+ + Na2B4O7 → CaB4O7 ↓ + 2Na+  

 

Mg2+ + Na2B4O7 → MgB4O7 ↓ + 2Na+ 



The usage of boron and its 

compounds 

10
5B + 10n → 42He + 73Li 

B – the «catcher» of neutrons 

Boric acid is a well known antiseptic 

 

Because of its toxicity it is prohibited for pregnant women and 

children 



Standardization of HCl by 

Na2B4O7 · 10H2O 

Na2B4O7 + 7H2O ⇄ 2NaOН + 4Н3ВО3  

2NаOH + 2НСl = 2NaCI + 2Н2О  

Nа2В4О7 + 2НСl + 5Н2О = 2NaCl + 4Н3ВО3  



Cyanoboronhydrate of sodium 

NaCNBH3 

 

A «soft» reducer 



 bauxite Al2O3 ∙ nH2O  

sapphire, ruby Al2O3 

 

 

emerald 3ВеО · Al2О3 · 6SiO2 

  kaolinite Al2O3 ∙ 2SiO2 ∙ 2H2O 

Al4[Si4O10](OH)8  

Minerals of 

aluminum 



+ O2 → Al2O3 

+ S → Al2S3 

t 

+ Cl2 → AlCl3 

+ N2 → AlN 

+ C → Al4C3 

+ P → AlP 

+ H2 ≠ 

Al t 

t 

t 

Al2S3 + 6H2O → 2Al(OH)3↓+ 3H2S↑ 

Chemical 

properties of 



The burning of aluminum dust 



Cr2O3 + 2Al → Al2O3 + 2Cr 

2Al + 6HCl + 12H2O → 2[Al(H2O)6]Cl3+ 3H2↑ 

 

2Al + 6KOH + 6H2O → 2K3[Al(OH)6] + 3H2↑ 



Reaction of aluminum and 

water proceeds after the 

removal of alumina layer 
Al2O3 + H2O ≠ 

Al2O3 + 6KOH + 3H2O → 2K3[Al(OH)6] 

2Al + 6KOH + 6H2O → 2K3[Al(OH)6] + 3H2↑  

2Al + 6H2O → 2Al(OH)3↓ + 3H2↑ 

So, really, aluminum itself (without 

Al2O3) is an active metal 



Reaction between aluminum 

and water 



AlF3 + 3NaF → Na3[AlF6] - cryolite 

 

 

 

 

AlCl3 + NaCl → Na[AlCl4] 

Complexes with halide ions 



Reaction between aluminum 

and iodine 

Al2O3 + I2 ≠ 

I2 + H2O → HI + HIO 

6HI + Al2O3 → 2AlI3 + 3H2O 

Al + I2 → AlI3 



Reaction between aluminum 

and iodine 



Al2Cl6 



Aluminum oxide: Al2O3  

α - Al2O3 

(corundum) 

γ - Al2O3  

Al2O3 + 2NaOH → 2NaAlO2 + H2O 

Al2O3 + K2CO3 → 2KAlO2 + CO2↑ 

Al2O3 + CaO → Ca(AlO2)2 

In the melt: 



[Al(H2O)6]
3+ ↔ Al(OH)3 ↔ [Al(OH)6]

3- 

OH- 

H+ 

H+ 

OH- 

Al(OH)3 + 3HCl → AlCl3 + 3H2O 

Al(OH)3 + NaOH → Na[Al(OH)4] 

Al(OH)3 + 3NaOH → Na3[Al(OH)6] 

Aluminum hydroxide 



Aluminum hydride (alane)  - AlH3 

3Li[AlH4] + AlCl3 → 4AlH3 + 3LiCl 

2AlH3 → 2Al + 3H2↑ 
t 

Al2H6 

4LiH + AlCl3 → Li[AlH4] + 3LiCl 



AlCl3 ∙ 6H2O,   Al(NO3)3 ∙ 9H2O, 

Al2(SO4)3 ∙ 18H2O and others 

Me+Me3+(SO4)2 ∙ 12H2O 

Me+ - K+, Rb+, NH4+; Me3+ - Al3+, Cr3+, Fe3+ etc. 

KAl(SO4)2 ∙ 12H2O – potassium alum 

KAl(SO4)2  – burnt alum 

Salt hydrates 



Adjuvants for vaccines based 

on salts of aluminum 

Aluminum hydroxide 

Al(OH)3 

Aluminum hydroxy phosphate 

(AlOH)3(PO4)2 

Potassium aluminum sulfate 

KAl(SO4)2 

Aluminum hydroxy phosphate sulfate 

Al2OHPO4SO4 



Antacids 

Aluminum hydroxide 

Al(OH)3 

 

Aluminum phosphate 

AlPO4 

 



Thank you for listening! 


