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 1539 2887 7.86

L -219 183 .002

M -113 45 0.79

N 117 444  1.96

CaCl2 

 

K L

M 

 

i.  

ii.  

iii. 

 

K i  ii L ii  iii

 i  iii N i, ii iii 

 

K 18 L 21



 22 N 24

 

i.  

ii.  

iii. 

 

K i L i  ii

M ii  iii  i, ii iii 

 SO3 98%

i.  

ii.  

iii. 

 

K i L i  ii

M ii  iii  i, ii iii 

 

 L

M N

 

K Al2O3 L ZnS

 SiO2 N PbS

 

K L

M 

 

 L

M N

 



 2050C L 2000C

M 1000C N 950C

 21

K 833 L 1250

 8750 N 9167

 

K 90% L 65%

M 35%  10%

 

K Cu  Zn

M Fe N Pb

 H2SO4

K 96%  98% 

M 99% N 100%

 A = 1s2 2s2 2p6 3s2 3p4

 A

i.  

ii.  

iii. 

 

K i ii L i iii 

M ii iii  i, ii iii 

(i) S + O2 ⎯→ X 

(ii) X + H2O ⎯→ Y

 Y

K 112%, 3595%, 6292% L 204%, 3265%, 6530%

 243%,3902%, 5853% N 344%, 5517%, 4137%

 

i. X

ii. Y



iii. Y

 

K ii  i ii 

M ii iii N i, ii iii 

 

K 

M N

 

 L

M N

 

K 

M N

 

K L

 N

 

K   

L   

M   

   

 

 L

M N

 

K Mg L Zn

M Ag  Au
 

K L

 N

 

K 



M N

 

 L

M N

 

K L

M 

 

K L

 N

 

K 

M N

 

K L

 N

 

K L

M 

 

 SiO2 L NaSiO3

M NiS N FeSiO3

 

K 

M N

 

 Al L Fe

M Ca N Na
 

K L

M 



 

 Au L Ag

M Sn N Na
 

K 

M N

 

K 72 L 108

 98 N 84

 Al

K Al

 Al

M Al

N Al

 

 75% L 50%

M 60% N 25%
 

K L

M 

 

K 

M N

 

K L

 N

 

K L

M 

 

K

L





N

 

 L

M N

 

 L

M N

 

K L

 N

 

i.  

ii.  

iii. 

 

K i  i  ii M i  iii N i, ii iii 

 

i.  

ii.  

iii. 

 

K i ii  i iiiM ii iii N i, ii iii 

 

i. Na, Mg, Al 

ii. Ag, Cu, Zn 

iii. Sn, Pb, Hg
 

K i L i  ii  ii  iii N i, ii iii 

 

i.  

ii.  

iii. 



 

K i  i  ii M i  iii N i, ii iii 

 Z

K 

M N

 X Q

i. SiO2 
ii. CaSiO3 
iii. CaCO3

 

 i ii L i iii M ii iii N i, ii iii 

Na, Mg, Al, Si, P, S, Cl 

 

 Na Mg L Al Si

M P S N S Cl 

 S Cl

i.  

ii.  

iii. 

 

 i ii L i iii M ii iii N i, ii iii 

 

 L

M N

 

K L

M 

 



 L

M N

 

K L

M 

 

K L

 N

 

K

L



N

 

 CaCO3 L Al2O3

M PbS N HgS
 

K → →

 → →

M → →

N → →

 

K

L



N

 

K 

M N

 

K L



M 

 

K L

 N

 

 L

M N

 

i.  

ii.  

iii. 

 

K i ii  i iiiM ii iii N i, ii iii 

 

i.  

ii.  

iii. 

 

 i  iiL i  ii M ii  iii N i, ii iii 

 

i.  

ii.  

iii. 

 

K i L i  ii M i  iii  i, ii iii 

 

 L

M N

 

i.  



ii.  

iii. 

 

 i ii L i iii M ii iii N i, ii iii 

 
 

 L

M N

 

K L

M 

 

K L

 N

 

K L

M 

 H2SO4 

K L

 N

 

K 

M N

 

K L

M 

 

 L

M N

 



K  

M N

 

K L

M 

 

K Au L C 

M S  Hg
 

K L

 N

 

i.  

ii.  

iii. H2SO4 

 

K i  ii L i  iii M ii  iii  i, ii iii 

X H2SO4 
 

Y

 X

 L

M N

 Y

i.  

ii.  

iii. 

 

K i  ii L i  iii M ii  iii  i, ii iii 



 

 L

M N

 

K L

M 

 

 L

M N

 

K L

 N

 

K



M

N

 

 L

M N

 

K L

 N

 

 L

M N

 

i. 

ii.  

iii. 

 



K i  ii L i  iii  ii  iii N i, ii iii 

A 

B 

C Al 

 C 

 L

M N

 B

i.  

ii.  

iii. 

 

K i L ii  i  iiN ii iii 

 

K 

M N

 



L

M

N

 

K 

M N

 

K 

M N

 

i.  

ii.  

iii. 



 

K i  ii L i  iii M ii  iii  i, ii iii 

 

i.  

ii.  

iii. 

 

 i  iiL i  iii M ii  iii N i  ii iii 

A B

 B

 L

M N

 A

i.  

ii.  

iii. 

 

 i  ii L i  iii M ii  iii N i, ii iii 

 

K L

 N

 

 L

M N

 

K 

M N

 

K L

M 

 

K L



 N

 

K TiO2  FeO.Cr2O3

M FeWO4 N Fe2O3

 

K Al2O3.H2O  Al2O3.2H2O

M Al2O3.3H2O N Al2O3

 

K L

M 

 

Mg 

Al 

Zn 

Fe 

Pb 

Al

 Mg L Zn

M Fe N Pb

 NaCl CaCl2 

K 700C  600C

M 801C N 901C
 

K Ca L Li

M Zn  K

 Na, Ca, Al, Zn 

 CaNaAlZn L CaAlNaZn

M NaCaAlZn N NaAlCa Zn 
 

K K  Pt  Li  Au

M Ca  Hg N Na  Cu

 



K Na L Al

M Cu  Fe

 NaOH

K 600-9000C   1500-20000C

M 800-10000C N 1000-12000C

 PbS 

 L

M N

 

K 

M N

 Na3AlF6

K 500-700C L 600-800C

 800-1000C N 1000-1200C
 

K 50% L 65%

M 100%  99.98% 

 

 Na3AlF6 L Na3Al3O3

M Na2AlF6 N NaAlF6

 

K CuCO3 L CaCO3

M FeCO3  ZnCO3

 

K L

M 

 

K L

M 

 

K FeS3 L FeCO3



 Fe2O3.3H2O N Fe3O4

 

K L

M 

 

K L

 N

 

K L

 N

 

 L

M N

 

K L

 N

 

 L

M N

 

K 

M N

 

K L

M 

 

K 1470C L 1700C 

 2050C N 3700C
 

K Zn L Cu M Fe  Al
 



K Cu, Fe, Pb, Al, Zn L Cu, Fe, Al, Pb, Zn

M Pb, Cu, Zn. Fe, Al  Cu, Pb, Fe, Zn, Al
 

K 

M N

 

K L

M 

 

 K, Zn, Cu, Ag L K, Cu, Zn, Ag

M K, Ag, Cu, Zn N K, Zn, Ag Cu
 

 L

M N

 

K Mg  Au

M Cu N Fe
 

K



M

N

 

K CaCO3 
⎯→ CaO + CO2

L Al2O3.2H2O ⎯→ Al2O3 + 2H2O

M Fe2O3.3H2O ⎯→ 2Fe2O3 + 3H2O

 2PbS + 3O2 
⎯→ 2PbO + 2SO2

 

K FeO.Cr2O3  TiO2

M FeWO4 N ZnS

 



 Zn L Al

M Na N Ca
 

 L

M N

 

K 

M N

 

K L

 N

 

K L

M 

 

K 

M N

 

 L

M N

 

K Cu2O L ZnO

 Cu2S N NiS
 

K Au  Zn

M Ag N Pt
 

i. NaCl- CaCl2 NaCl- 600C  

ii.  



iii. 

 

K i  i ii M ii  iii N i, ii iii 

 

i.  

ii.  

iii. 

 

K i ii L i iii M ii  iii  i, ii iii 

 PbO(s) + C(s) ⎯→ 2Pb(s) + CO2(g) 

i. ii.  

iii. 

 

 i  iiL i  iii M i  iii N i, ii iii 

 

 L

M N

 

K L

M 

 

 L

M N

 

K L

 N

 

K L

 N

 

K L

M 



 

K 

M N

 

K L

M 

 

K L

M 

 

K Fe2O3.H2O L Fe2O3.H2O2

 Fe2O3.nH2O N Fe3O2.nH2O

 3000 1000

 L

M N

 

K Si  Sn 

M Sr N Sb
 

K Ca L Zn

M Si  C
 

 Fe, Ni, Cr, CL Fe, Zn, Ca, C

M Fe, Cr, Na, Sn N Fe, Na, Ca, Zn
 

K C L Si

 Ni N Cu
 

K Cu  Cr 

M Ca N C
 

K 



M N

 

 L

M N

 

K L

 N

 

K L

M 

 

 CuCO3.Cu(OH)2 L CuCO3 . Cu2O

M Cu(OH)2. Cu2O N CuCO3 . CuSiO3 

 

K L

 N

 ⎯⎯⎯→

K 

M N

 

K Cu L Fe

M Al  Pt
 

K L

M 

 

 L

M N

 

K Cu 65%, Sn 35%  Cu 65%, Zn 35%

M Cu 90%, Sn 10% N Cu 90%, Zn 10%
 



K Cu 65%, Zn 35% L Cu 65%, Zn 35%

 Cu 90%, Sn 10% N Cu 99%, Sn 1%
 

 L

M N

 5000 3000

K 

M N

 

K

L



N

 24

K 8.33% L 87.5%

M 91.67%  100% 

 22 

K 87.5%, 12.5%  91.67%, 8.33%

M 94.6%, 5.4%  N 98.98%, 2.02%

 

K 

M N

 

i. Fe = 0.1% 

ii. Zn = 35% 

iii. C = 1% 

 

K i ii L i iii  ii iii N i, ii iii 

 

i.  

ii.  



iii. 

 

 i  iiL i  iii M ii  iii N i, ii iii 

 22 

i. 91.67% 

ii. 8.33%  

iii. 8.33% 

 

 i  iiL i  iii M ii  iii N i, ii iii 

 

i.  

ii.  

iii. 

 

K i  i  ii M ii  iii N i, ii iii 

 

i.  

ii. Fe, Cr, Ni  

iii. 

 

 i  iiL i  iii M ii  iii N i, ii iii 





 

K L

M 

 

i.  

ii.  

iii. 



 

K i  ii L i  iii M ii  iii  i, ii iii 

 

 5% L 10% 

M 20% N 50% 
 

K 

 M N  

 

K L

  N  

 

K 110 – 140 L 100 – 130 

 M 150 – 180  120 – 150 

 

K 5%  21% 

M 35% N 60%
 

K 5% L 50%  60% N 70%
 

i.  

ii.  

iii. 

 

K i  ii L i  iii M ii  iii  i, ii iii 

 

i. 60%  

ii. 21%  

iii. 

 

 i  iiL i  iii M ii  iii N i, ii iii 



Al, Fe, Cu, Zn, Pb 

 21% 

K Al L Fe M Zn  Cu
 

i.  60% 

ii.  

iii. 

 

K i  ii L i  iii M ii  iii  i, ii iii 

 



L

M

N

 

K 

M N

 

K 78.3%  119C

M 180C N 210C
 

K C  S

M P N N
 

K CO2  SO2

M NO2 N SiO2

 

K NO2 L CO 

M P2O5  SO2

 

K H2SO3 L H2CO3



M HNO3  H2SO4 

 H2SO4 

K 5.5% L 7.0%

M 17%  19% 
 

K



M

N  

 

 2SO2(g) + O2(g)  2SO3(g) 

 SO3

K 

 

M 

N 

 

K



M

N

 SO3 98% H2SO4 

K H2SO4

 H2SO4

M H2SO4 SO2

N H2SO4

 



K H2SO4 L H2S2O5

M H2S2O6  H2S2O7

 

 SO2 L N2O

M NO N CO 
 

K HNO3  H2SO4

M HCl N H3PO4

 

 L

M N

 

 L

M N

 

K L

 N

 H2SO4 

K 5.5%  6%   

 M19% N 21%

 SO3 

K MnO2 L AlO3 

 V2O5 N P2O5

 

 2SO2(g) + O2 → 2SO3(g) L SO2(g) + O2 → 2SO3(g)

M 2SO2(g) + O2(g) → SO3(g) N SO3(g) + H2O(1) → H2SO4(aq)

 Pt V2O5 400C ⎯ 500C 

SO2

K SO2 + 2O2 = S + SO3 2SO2 + O2 = 2SO3

M SO2 + O2 = SO4 N SO2 + O2 = H2SO4

 



K C L P 

  S N Fe

 SO3 

 H2SO3 L H2SO4 

 M SO3 N H2S

 

K H2SO4  H2SO3

M H2S N H2O3

 

K

L

 S H2SO3 

N

 SO 
2 ⎯

i.  

ii.  

iii. 

 

 i  iiL i  iii M ii  iii N i, ii iii  

 

i. H2SO4  

ii.  

iii. 

 

K i L i  ii M i  iii  i, ii iii 

 SO2 + O2 
400 – 450C

 
  2X  

 X + 98% H2SO4 → Y 
 

i.  197 kJ 

ii.  



iii. Pt V2O5 

 

K i ii L i iii M ii  iii  i, ii iii 

 Y 

K H2SO3  H2S2O7

M H2SO7 N H2SO4 

X X 

 X 

i.  

ii.

iii. 

 

K i ii L i iii 

M ii  iii  i, ii iii 

 

 SO2 L SO3

M H2SO3 N H2SO4

 

K FeWO4  TiO2

M SiO2 N MnO2

 

K 112% L 3596%

 6292% N 6530%
 

K 60%  35%

M 45% N 95%
 

 SiO2 L SO2

M CaO N SiO3



 

 CaCO3 L PbS

M Al2O3 N HgS
 

K 99%  74%

M 65% N 1%
 Fe

 SiO2 L CaO 

M CaCO3 N MnO
 

K Cu+2
 Ag+

M Fe+2
N H+

 

 Cu L Al

M Na N Ca
 

K 2638%  3596%

M 3832% N 4035%
 

K 65% L 35%

 90% N 10%
 

 FeO L Fe2SO4

M FeS N Fe3O4

 

 L

M N

 

 4% L 1%

M 35% N 8%
 NaCl

K NaCl L KCl

M MgCl2  CaCl2



 

K Cu95%, Mn, mg, Fe10% L Cu90%Mn, Mg, Fe1%

M Al95%MnMgFe10% Al95%,Mn, Mg,Fe1%

 H2SO4

K 25% L 19% 

 55% N 15% 
 

 S L N

M P N O
 

K L

 N

 Al2O3 Al Al2O3

K CaCl2 L AlCl2

M NaOH  Na3AlF6

 

 18% L 74%

M 8% N 80%
 

K L

 N

 

K 45-50% NaCl 62-65% CaCl2 

 40-42% NaCl  58-60% CaCl2 

M 58-60% NaCl 40-42% CaCl2 

N 50-52% NaCl 53-52% CaCl2 

 (SiO2)

K Al2O3 L SiO2

 CaO N FeO

 30g

K 12g  105g

M 15g N 205g
 



K C L Si

 Ni N Cu
 

K CuFeS2  Na3AlF6

M Al2O32H2O N Fe3O4

 

K H2SO4 L H2SO3

M H2S  H2S2O7

 

K FeCO3 L TiO2

 FeWO4 N TiO3

 H2SO4 S

K 2 L 4

 6 N 8
 

K Fe L Zn

 Sn N Ca
 

K Fe2O3 L CuO

 ZnO N MgO
 WO3 W(s)

 H2(g) L CO(g)

M C(s) N CO2(g)

 CaO + SiO2 → CaSiO3;

 CaO L SiO2

M CaSiO3 N CaO  SiO2 

 

K SiO2 L CaSiO2

 FeO N CaO
 

K 74% L 37%

 18% N 8%
 

 Al L Pb



M Zn N Na
 

K K2SO4.Al2(SO4)2 L MgCO3

 CaCO3.MgCO3 N FeSO4. MgSO4

 

 L

M N

 H2SO4 15%

K L

 N

 

 L

M N

 

K Li, K, Ca, Na L K, Ca, Na, Mg

 K, Zn, Cu, Ag N Li, Ca, Na, Ag
 Al

 95% L 90%

M 80% N 92%

 SO2(g) + H2O(l) →  A 

 L

M N

 Na, Ca, Al, Zn

K Ca > Na > Al > Zn L Ca > Al > Na > Zn
 Na > Ca > Al > Zn N Al > Al > Ca > Pt 

 Al2O3.2H2O ⎯→? + 2H2O

 Al2O3 L CaO

M Fe2O3 N SiO3

 

 Zn L Sn

M Ni N Cr
 

K CaCO3 L Al2O3



M PbS N HgS
 

K 

M N

 

K L

M 

 

K L

M 

 

K 

M N

 

 FeWO4 L TiO2

M FeO.Cr2O3 N Fe2O3

 

K FeO.Cr2O3 L TiO2

 Al2O3 N FeWO4

 

 Fe2O3 L Fe3O4

M FeS2 N FeCO3

 

 L

M N

 FeWO4 

 L

M N

 

K ZnSiO3  FeSiO3

M CaSiO3 N CuSiO3

 

K Mn L Mg



 Hg N Fe
 

K CuPS2 L CuCrS2

 CuFeS2 N CuK2S 
 

K 

M N

 

K 10% L 74% 

 90% N 95%
 

 3000 1000 L 3000 2000

M 5000 2000N 5000 3000

 

K 10% L 35%

 65%  N 90% 
 4%

 L

M N

 

K L

M 

 

K   L 

M   

 

K Fe L Zn

 Sn N Ca
 

 L

 M N

 

K Sn  Al 

M Mg N Zn 



 

 SO2 L SO3

M H2SO4 N H2SO3 

 SO2

K Cl2 L H2S

M HNO3  O2 

 

 L H2SO4

M SO2 N SO3 

 1500C − 2000C  Al2O3.2H2O NaOH

i. TiO2 

ii. FeO 
iii. SiO2

 

K i ii L i iii M ii iii  i, ii iii 

 SO2 98% H2SO4

H2SO4

i.  

ii. 

iii. 

 

 i L i ii M ii iii N i, ii iii 

 Fe

i.  

ii.  

iii. 

 

K i ii L i iii  ii iii N i, ii iii 

 SO2

i. H2SO4

ii.  

iii. 

 



K i ii L i iii M ii iii N i, ii iii 

 

i.  

ii.  

iii. 

 

 i ii L i iii M ii iii N i, ii iii 

 H2SO4

i.  

ii.  

iii. 

 

K i ii L ii iii M i iii  i, ii iii 

 SO2

i. H2SO4

ii.  

iii. NaCl

 

K i iii L ii iii  i ii N i, ii iii 

 

i.  

ii. 119C

iii. 

 

K i ii L i iii M ii iii  i, ii iii 

 

i.  

ii.  

iii. 

 

K i  ii L i  iii M ii  iii  i, ii iii  

 

i.  

ii.  



iii. 

 

 i  iiL ii  iii M i  iii N i, ii iii 

 

i. H2S2O7 

ii. H2SO4 

iii. 98% H2SO4 SO3 

 

K i L ii M i  iii  i, ii iii 

ZnO + C ⎯→ Zn + CO 
 

K L

M 

 

i.  

ii.  

iii. 

 

 i ii L i iii M ii iii N i, ii iii 

PbO(s) + CO(g) ⎯→ Pb(s) + CO2(g) 

 

K PbO  CO 

M Pb N CO2 

 PbO Pb

K 

M N

X

X Y

 Y Y  

K L



M 

 KI Y Y

 L

M N

 10% Sn

K 

M N

 

i.  

ii.  

iii. 

 

K i ii L ii iii  i iii N i, ii iii 

X- NaOH 

Y- NH4OH 

Z- KOH 

 Z  

K L

 N

 X

i.  

ii.  

iii. 

 



K i  i ii M i iii N i, ii iii 

 Y-

K 2 L 3

 5 N 7

80 g A B A B

 A B  

i.  

ii.  

iii. 

 

K i L ii  iii N ii iii 

 A

K 8 g L 28 g

M 52 g  72 g

6X, 28Q, 24R

 

K L

 N

 

K Fe L Ni(28Q)

M Cr(24R) N C(6X)

2SO2 + O2 450 − 550C                         2X; H = kJ/mol X + 98%
 

i. 197 kJ

ii.  

iii. Pt V5O5

 

K i ii L i iii M ii iii  i, ii iii 

 Y  



K H2SO3  H2S2O7 M H2SO7 N H2SO4

 

i. CuSO4→Cu2+ + SO4
2– 

ii. Cu2+ + 2e−→Cu 

iii. Cu – 2e− →Cu2+

 

 i  iiL i  iii M ii  iii N i, ii iii 

 Cu 

K 95% L 98%

 99.9% N 99%

 

K L

 N

 

i. Na Ca 

ii.  Mg 

iii. 

 

K i  ii  ii  iii M i  iii N i, ii iii 

 

i.  

ii.  

iii. 
 



K i  ii L i  iii M ii  iii  i, ii iii 
 

i.  
ii.  
iii. 
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i. C + O2 → CO2

ii. FeO3  + CO → Fe + CO2

iii. CaO  + CO2 → CaCO3
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