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1 The Group 1 and 2 elements

Sensitive test of hydrogen:

PdCly(aq) + Hy — Pd(s) + 2HCl(aq) (1)
Hydrogen atom has strong reducibility:
As+3H — AsHj; (2)
CuCly(s) + 2H — Cul + 2HCI (3)
Preparation of alkaline earth metal nitrides:
3Ca -+ N2 — Ca3N2 (5)
Sodium and magnesium are used as reducing agents in metallurgical industry:
TiCly + Na —— Ti+ 4 NaCl (6)
Si0g 4+ 2 Mg —— Si+ 2 MgO (7)
Equilibrium of alkali metals in liquid ammonia:
M(s) + (x + y)NH3(1) == M(NH3), " + ¢(NH3),~ (8)

There are stable sodium anions in gaseous sodium, and sodium anions also exist
in the following reactions:

Na + Cryp(Cryptand) + xNH;(l) == [Na(Cryp)]"[Na(NH;),|~ 9)
Quantitative preparation of alkali metals:
2MN; 25 2M + 3N, M=Na, K, Rb, Cs (10)
Preparation of lithium by electrolysis:
anode : 2ClI" —— Cly + 2¢e~ (11)
cathode : Lit + e~ — Li (12)

electrolysis

2 LiCl 2Li+ Clyt (13)
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Electrolytic magnesium chloride has a pre-operation:

sea : Mg®" + CaO + HyO — Mg(OH), + Ca?*

ground : MgO + Cl; + C — MgCl, + CO

Preparation of potassium by thermal reduction method:

K,CO3 +2C 22%C oK+ 1 3001

vacuum

1000~1500°C
S

2KF + CaC,

KCl + Na — NaCl + K1
Preparation of rubidium by thermal reduction method:
2RbCl + Ca — CaCly +2Rb 1
Preparation of cesium by thermal reduction method:
2 CsAlOy + Mg —— MgAl,O4 +2Cs T
Preparation of sodium oxide:
2Na + NayOy — 2Nay,O
preparation of potassium oxide:
10K 4+ 2KNO3 — 6 K20 4+ Ny

Preparation of rubidium oxide:

CaCO3 -2 Ca0O + COy 1
Preperation of cesium oxide:
2Sr(NO3)y — SrO +4NOy 1 + 0o 1
Preparation of alkali metal hydroxides:
M50 + H,O — 2MOH
Preparation of alkaline earth metal hydroxides:
MO 4 H,O — M(OH), M=Ca, Sr, Ba

Preparation of sodium peroxide:

180~200°C
—_—

step 1. 4Na + O, 2NayO

step 2. 2Nay,O + Oy 380~400°C, 9 NasO,

Sodium peroxide is used as an oxygen donor:
2 Na202 + 2 COQ — 2 Na2003 + OQ T
Sodium peroxide is used as a flux for ore:

MHOQ + Na202 — NaQMnO4

CI"203 +3 Na202 — 2 NaQCrO4 + NagO

CaF2+2KT +2C



Sodium peroxide shows reducibility when it encounters strong oxides:
5NayOs +2MnO,~ + 16 HT — 5051 + Mn?*" + 10 Nat + 8 H,0

Preparation of barium peroxide:

BaO + Oy 2BaOs
The strong oxidizing property of alkali metal superoxide:
2MO3 4+ 2H;0 — O21 + H02 + 2 MOH
Reaction of alkali metal superoxide with carbon dioxide:

4M02+2C02 — 2M2C03+3OQ

580~520°C

Potassium hydroxide reacts with ozone to prepare superoxide:
6 KOH + 403 — 4KO3 + 2KOH - HyO + Oy

Potassium peroxide reacts with water:

4KO3+2H,0 — 4KOH + 50,
Potassium superoxide and easy decomposition:

2KO3 — 2KO5 + O

Amphoteric of beryllium hydroxide:

Be(OH), + 2HT — Be®" + 2H,0

Be(OH); +20H™ — Be(OH),*~

(32)

(33)

(34)

(35)

(36)

(37)

(38)

(39)

(40)

Sodium hydroxide can dissolve zwitterionic metals and their oxides, as well as

many nonmetals and their oxides:

AlgOg +2NaOH — 2 NaAlOQ + HQO
Si+ 2NaOH + H,O —— NaySiO3 +2Hsy T

5102 + 2 NaOH —— NaySiO3 + HoO
Preparation of sodium hydroxide by causticizing method:
NayCOj(conc) + Ca(OH)y — CaCO3] + 2NaOH
Hou'’s process:

NH3 + COQ + HQO — NH4HCOg

NH,HCO3 + NaCl — NaHCO3 + NH,4Cl

9 NaHCO3 —25 NayCO;3 4+ COy 1 + Hy0

2NH,Cl + Ca(OH); — 2NHj3 + CaCl, + 2 H,0
Preparation of Grignard Reagent:

RX(alkylogenalkylogen) + Mg 2bsolute ether, RMgX



Preparation of magnesium chloride:
MgO + C + Cly 2 MgCl, + CO (51)

Hydrolysis of magnesium chloride hexahydrate by heating:
>135°C

MgCl; - 6 HoO ——— Mg(OH)Cl + HC11 + 5 H,O 1 (52)
Mg(OH)Cl 222 MgO + HCl1 (53)

Barium sulfate ( barite ) is a raw material for preparing barium compounds:
BaSO, +4C 2% BaS +4CO (54)
2BaS + 2H,0 — Ba(OH);, + Ba(HS) (56)

Barium chloride and barium carbonate were prepared from barium sulfide:

BaS + 2HCl — BaCl, + HyS 1 (57)
BaS + COQ + HQO — BaCO;; + HQST (58)
Preparation of hydrogen peroxide from barium peroxide and dilute sulfuric acid:
BaOQ —+ HQSO4 — H202 + BaSO4 (59)

2 The Group 13 elements

Boron can be used as deoxygenation:
700°C

4B+ 30y —— 2B,03 (60)
Amorphous boron reacts with water vapor under red heat:
2B 6H,0(g) = 2H;BO;3 + 3H, 1 (61)
Boron can be oxidized by oxidizing acid:
B +3HNO3; — H3BO3 + 3NOy 1 (62)
B + 3H,S0, — 2H3BO3 4+ 35S0, 1 (63)
Boron can react with strong alkali solution:
2B + 2NaOH + 2H,0 -2+ 2NaBO, + 3H, 1 (64)

Boron melts with strong base in the presence of oxidant:

2B + 2NaOH + 3KNO; 2% 2NaBO, + 3 KNO, + H,0 (65)

Preparation of boron:

e Metal reduction of boron oxide:

B,O3 + 3 Mg 2.9B+3 MgO metal=Na, K, Mg, Cu, Zn, Fe (66)

e Electrolytic reduction of molten borate.



e Hydrogen reduction volatile boride:

BBr; + gHQ (g) LXI0%C, 4 B(s) 4+ 3HBr(g) (67)
e Thermal decomposition of boride:
2 BI, 29T 9B 4 31, (68)
Preparation of borane:
Low yield : MgszBs +2H3PO4 —— Mgs(POy)s + BoHg (69)
hign yield : 3NaBH, + 4 BF; 22225, 3NaBF, + 2 B,Hg (70)
Borane burns violently in the air:
ByHg + 3 05 2% B,O5 + 3 H,0 (71)
Reaction of borane with ammonia:
3 ByHg + 6 NH; 2225 12 H, + 2 BsHyHg(Cyclotriborazane) (72)

Cyclotriborazane is commonly known as inorganic benzene, and benzene is an
isoelectronic body:

| | |
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Figure 1: Cyclotriborazane
Borane has strong oxidizing property:
B2H6 +6 HQO — 2 H3B03 i + 6 Ho (73)
Preparation of alkali metal borohydride complex:
2LiH + BoHy — 2LiBH,4 (74)
4 NaH + BF3 — NaBH, + 3 NaF (75)
4 NaH + B(OCHj); — NaBH, + 3NaOCH; (76)

Nickel plating with sodium borohydride provides a hard protective layer that is
resistant to chemical corrosion:

(6 Ni3B + 2Ni) + 10 NaB(OH), + 20 NaCl + 35 H,

Boron halide is coordinated with water:

BCl3 + 3H,0 — H3BO3; + 2 HC1 (78)

BF; + 6 H,O — H3BO3; + 3H;01 + 3BF,~ (79)



Preparation of boron halide:

B,O3 + 6 HF —— 2BF31 + 3H50 (80)
Boron oxide is soluble in water:

B,03(s) + HyO(g) — 2HBO,(g) (81)

BQO3<S) + H,O (l) — 2 HgBOg(aq) (82)

The acidity of orthoboric acid is reflected by the lone pair electrons accepting
hydroxide in water(Its acidity will increase with the addition of polyhydroxy com-
pounds.):

B(OH)3 + H,O = B(OH),” +H" K,=58x10"" (83)
Boric acid meets strong acid and shows alkaline:

Test of boric acid:

1. Add methanol and concentrated sulfuric acid:

H,B0; + 3 CH,0H 22224 3(o0H,), + 3H,0 (85)

2. The boric acid ester generated by combustion will have a characteristic green
flame.

Boric acid is gradually dehydrated by heating, and finally boric anhydride is
formed:
4H;BO; —22% 4HBO, 2% H,B,0; =22 2 B,0, (36)
Preparation of sodium perborate:
H3BO3 + NayOy + HCl + H,O —— NaBOj - H,O + NaCl (87)
Industrial preparation of borax:

step 1. MgoB2O5 - H,O + 2NaOH —— 2NaBO, + 2 Mg(OH) | (88)

step 2. 4NaBOQ + C02 + 10 HQO — Na2B4O5(OH)4 -8 HQO + NaQCO;g (89)

Borax can dissolve metal in molten state, and different metals will produce differ-
ent colors, which is the borax-bead test:

NayB,07 + CoO —— 2NaBO, - Co(BOg), (90)
Borax is soluble in water and easy to hydrolyze:
B,O7;°” + TH,O == 4H3BO; + 20H" (91)
B4O5(0OH),*” + 5H,0 == 2H3BO3 +2B(OH),~ (92)
Borax can react with acid.
NayB4O7 + HoSO4 + 5 HoO —— 4 H3BO3 | 4+ NapSO, (93)
Preparation of boron nitride(white graphite):
NayB4O7 + 2NH,Cl — 2NaCl + B,O3 + 2BN + 4 H,0 (94)



Preparation of lithium aluminum hydride:
4 LiH + AlCly — LiAlH, + 3 LiCl (95)
Smelting of aluminium:

1. Alkali leaching of bauxite to form aluminum-containing compounds:

AlgOg(S) + Na2C03(S) — 2 NaAlO2(S) + CO T (97)

2. Aluminum hydroxide is produced from aluminum-containing compounds:

3. Calcination of aluminum hydroxide to produce electrolytically pure alumina:

2 Al(OH); <% A1,O4 + 3 H,0 (100)

4. Electrolytic alumina, adding combustion-supporting agent trisodium hex-
afluoroaluminate(cryolite):

2 ALOy —26 L 4 A1+ 30,1 (101)

electrolysis

Preparation of trisodium hexafluoroaluminate(cryolite):

2 Al(OH)3 + 12 HF + 3NayCoz — NagAlFs + CO, 1T + 9H,0 (102)
Aluminum has oxygen affinity:
2 Al + FesO3 —— Al,O3 + 2 Fe (103)
High temperature cermets are made of aluminum:
4 Al + 3TiO, 4+ 3C <% 9 AL, 04 + 3 TiC (104)
Aluminum is amphoterism:
2A14+6HCI — 2AICI3 + 3Hy 1 (105)
2A1+20H" +6H,0 — 2AIl(OH),~ +3Hy 1 (106)

Reacyions pf aluminum with oxidizing acid:

2 Al + 6 HySO4(hot, conc) — Aly(SOy)3 + 3 SO, 1 + HaO (107)

Al+ 6 HNO3 — AI(NO3)3 + 3NO2 + 3H,0 (108)
~v-alumina is soluble in acid and alkali:
AlLO3 + 6 HY —— 2 APt + 3H,0 (109)
Al,O3+20H™ + 3H,0 — 2 A1(OH),~ (110)
Preparation of Aluminum Hydroxide:
2 Al(OH),~ + Coy — 2A1(OH)3 ] + CO3*™ + HyO (111)



Amphoteric of aluminum hydroxide:
+H20

A" + OH™ == AI(OH)3 or HsAlO3 == = H* + Al(OH),~ (112)
Preparation of aluminum salt and aluminate:

[Al, Al,O3 or A1(OH)3] + HCl —— AlCI3 (115)

[Al, Al,O3 0r Al(OH)3] + NaOH —— NaAl(OH)4 (116)

Aluminum salt hydrolysis:

under water : Al(H;0)6*t + HoO == [Al(H,0)5(OH))** + H;O" (117)

under carbonate : 2 AI*" +3CO3*™ + xH,0 — (118)
AlgOg . XHQO \l/ + 3 C02 T

Aluminate hydrolysis:

Al(OH),~ == AI(OH)3 + OH™ (119)

Preparation of anhydrous aluminum sulfate:
2 Al(OH)g +3 HQSO4(COHC) — A12(804)3 + 6 HQO (120)
Al,O3-2Si05 - 2 HyO(clay) + 3 HySO4(conc) (121)

— AlQ(SO4)3 + 2H,4Si04 i + H,O

Gallium is distributed in aluminum ore, and gallium can be prepared by electrolysis
of gallium hydroxide in aluminum hydroxide(Aluminum does not interfere with
gallium electrolysis.):

cathode : Ga(OH),” +3e~ — Ga] +40H™ (122)
Gallium is amphoterism:
2Ga+ 2NaOH 4 2H,0 — 2NaGaO, + 3 H, (123)

The sixth period element characteristics, 6s electron pair is not easy to lose, once
lost, the tendency to recapture the electron pair is very strong(strong oxidizing):

Tlg(SO4)3 + 4F€SO4 — TIQSO4 + 2 FGQ(SO4)3 (124)
TI(NO3)3 + SOy + 2Hy0 —— TINO3 + HySO,4 + 2 HNO3 (125)
TI(NO3)3 + 3KI — 3KNO3 + Tl + I (126)
2T +35% —— T1,S | (strong bluse) 4+ 2S (127)
TICl; —— TICI1 + Cl, (128)
Thallium chloride is dissolved in sulfuric acid:
TICl 4+ H,SO, —— TIHSO, + HC1 (129)



Reaction of gallium indium thallium with non-oxidizing acid:

2Ga+3 HQSO4 — Gag(SO4)3 + 3 H2
2In+3 HQSO4 — IHZ(SO4)3 + 3 H,

2TI+ 3 HQSO4 — TIQSO4 + H,
Reaction of gallium indium thallium with oxidizing acid:

2Ga+6 HN03 — Ga(N03>3 +3 N02 +3 HQO
2In + 6HN03 — IH(NOg)g + 3N02 + BHQO

Tl +2HNO3 — TINOj3 + NO; + H;O
Reaction of indium sulfate with hydrogen sulfide:

IHQ(SO4)3 + 3HQS — In283 +3 HQSO4

(130)
(131)

(132)

(133)
(134)

(135)

(136)
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