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m„Rbkxj cÖkœ I DËi 

 


i. + O2 → CO2 + H2O +  

ii. 238U + On1 → 56Ba + 36Kr + 3On1 +

iii. Zn + CuCl2 → ZnCl2 + Cu + 

i iii

  1bs cª‡kœi DËi   

i.

ii.

ii

56Ba 36Kr

56Ba 36Kr



 

ii

i iii

i iii i

iii

i iii i

ii

i

iii

Zn(S) ⎯→ Zn2+(aq) + 2e¯ 

 -------------------------- 
Cu2+(aq) + 2e¯⎯→ Cu(s)

 Zn(s) + Cu2+(aq) ⎯→ Zn2+(aq)+Cu(s)

i iii

i iii



 



 

  2bs cª‡kœi DËi   

Pt

 

MgCl2

MgCl2, Mg2+ Cl¯

MgCl2(aq) ⎯→ Mg2+(aq) + 2Cl¯(aq) 

2Cl−(aq)  2e− →2Cl

2Cl→Cl2(g)

Mg2+ + 2e− → Mg

2Cl−-2e− → Cl2

Mg2+ + 2e− → Mg

MgCl2 Mg



 

ve ve MgCl2

Mg2+ Cl-

Mg Cl2



FeSO4 PbSO4 

Fe
e− e−

Pb

NO3
−NH4

+

COD

−

NH4
+ NO3

−

  3bs cª‡kœi mgvavb   
COD 

 

(OH−) 

(OH−) 

KOH(s) + H2O ⎯⎯→ K+ + OH−

NaOH(s) + H2O ⎯⎯→ Na+ + OH−



 

Pb PbSO4-

Fe FeSO4-

(NH4NO3) U-

Fe Fe2+ 

Pb2+(aq) (Pb) 

 

(NH4NO3)-

NH4
+ NO3

-

Fe2+(aq) (NH4
+) 

(NH4
+) 

Pb2+(aq) Pb 

(SO4
2−) 

Fe2+(aq), 

NH4
+ NO3

− 



+ −

Cr3+

SO
2−

4



 

BOD

 4bs cª‡kœi DËi  

BOD Biological Oxygen Demand 

BOD BOD 

i. (NaOH) 

(H2SO4) 

ii. Cr2 (SO4)3 

 (Cr3+) 

iii. 

Cr2(SO4)3(aq) → Cr3+
(aq) + SO4

2−
(aq) 

 Crs → Cr3+
(aq) + 3e− 

 Fe
2+

(aq)
 + 2e− → Fe(s) 

(i) (i) 



 

(ii) (ii) 

(iii) (iii) 

(iv) (iv) 

(v) (v) 



CaF2 

CaF2 



 

  5bs cª‡kœi mgvavb   


(electroplating) 

−

CaF2 CaF2 

CaF2 Ca2+ F− 

CaF2 ⎯→  Ca2+(aq) + 2F−(aq) 

(F) 

2F−(aq) − 2e− ⎯→  2F

2F ⎯→  F2(aq)

Ca2+ + 2e− ⎯→  Ca  

CaF2 

Na+ 

Na++e− ⎯→  Na 

 Na + Hg ⎯→  Na−Hg 



 

Na − Hg 

−

Na − Hg + H2O  ⎯→  NaOH + Hg + H2

 ‘A’  

C−H, O = O, H−O

414, 498, 464 KJ/mole

890 KJ

C = O

−

  6bs cª‡kœi mgvavb   
  

A 

CH4(g) + 2O2(g) ⎯⎯→ CO2(g) + 2H2O(g); H = − 890 kJ /mole 

C-H O = O = 414 

+ (2  498) = 1410 kJ/mole ..........(i) 

C = O O-H 

[(C = O) + 2 (464)] kJ /mole 

  = [928 + (C = O)] kJ /mole........... (ii) 

  H = 



 

890 = 1410 − [928 + (C = O) 

 890 − 1410 + 928 = (C = O) 

 ∴ (C = O) = 408 kJ /mole 

 C = O 408 kJ/mole  

CO2 

CO2 −

CO2 

CO2-

CO2

CO2 CO2

CO2

CO2

CO2



H H, Cl Cl   C Cl 435 kJ, 244 kJ 431 kJ  

kJ

H

300 kJ



 

  7bs cª‡kœi DËi   
kJ

H

H  

H H + Cl Cl → 2H Cl 

H H Cl Cl

= (435 + 244)kJ  

   = 679 kJ. 

 H Cl = (431  2) kJ. = 862 

kJ. 
= (862  679) kJ = 183 kJ 

 183kJ 71g

  300 kJ    „  „   „               „   „    =  
71  300

183
  

                                            = 116.39g 
300 kJ 116.39g

= 679 kJ

= 862 kJ 

H

H = (679 − 862)kJ = − 183 kJ. H

−

H2(g) + Cl2(g) → 2HCl(g); H = −183 kJ 

−



 

1 mole (= 2g) 1 mole (= 71g) 2 

mole (= 73g) 183kJ

H



H2 + 
1

2
 O2 ⎯→ H2O  

H−H, O=O O−H 435, 498 

464kJ/mole. 

H

  8bs cª‡kœi DËi   
KCl

i.

 ii.

Pt

2H2O(1) → O2(g) + 4H+(aq) + 4e- 

4H+(aq) + 4e-→2H2(g)

 2H2O(1) → 2H2(g) + O2(g)
 



 

 

H2SO4

H 

H2 + 
1

2
O2 → H2O

 H−H + 
1

2
 (O = O) → H−O−H 

  1 mole H−H
1

2
mole O = O 2 mole 

O−H

1 mole H−H  = 435 kJ 

1

2
 mole O = O  = 

498

2
 kJ = 249 kJ 

  = (435 + 249)kJ = 684 kJ 

 2  O−H (464  2) kJ = 928 kJ 

< 

H

 H = (684 − 928) kJ 

  H = − 244 kJ

H 244 kJ  



CH3Cl + Cl2 = CH2Cl2 + HCl  C H,  

C Cl, Cl Cl  H Cl  415, 327, 244  431 kJ/mole

H



 

  9bs cª‡kœi DËi   

Cu/Cu2+(aq)

Zn/Zn2+(aq)

 

CH3Cl + Cl2 = CH2Cl2 + HCl 
  

 

 

 

H  C  Cl + Cl  Cl = H  C Cl + H  Cl 

 

 

H 
| 

| 

H 

Cl 
| 

| 

H  
 C H Cl Cl

C Cl  H Cl C H

Cl Cl = (415 + 244) = 659

C Cl H Cl = (327 + 

431) = 758 

H

⎯ = (659 - 758) 99

H 99

H

CH3Cl Cl2

CH2Cl2 HCl



 

  (E2)

(E1)



1 mole 

  10bs cª‡kœi DËi   

1 mole 891000

CO2 CO2

CO2 CO2

 

(E1) (E2)

E1  E2

(E1) (E2) E1  E2



 

  

H



i. C(s)+O2(s) ⎯→ CO2(g)+393.5kJ mol−1 

ii. N2(g) + O2(g) ⎯→ 2NO(g) 180.6kJ mol−1

  11bs cª‡kœi DËi   

 



 

C(s) + O2(g) ⎯→ CO2(g); H = 393.5 kJmol−1  

C 12

 12g = 393.5 kJ 

  1g = 
393.5

12
 kJ 

                                                      = 32.79 kJ 

 32.79 kJ

i. C(s) + O2(g) → CO2(g) + 393.5 kJmol−1  

ii. N2(g) + O2(g) → 2NO (g)  180.6kJmol−1  

i. ii. 

H

H





 

  12bs cª‡kœi DËi   

CO2

CO2 CO2

CO2 CO2

CO2

CO2 CO2

CO, N2O



 

 

 

 

 

  CNG 

 



  13bs cª‡kœi DËi   

 



 

NaCl

M+X−

  

M+X− M+X−

(M) (X)

M+

X−

2MX ⎯→ 2M+ + 2X¯

2X¯ ⎯→ X2 + 2e−

X

2M+ + 2e− ⎯→ 2M 

 



C(s) + O2(g) → A + 

C(s) + O2(g) → B + 

N S

B Global Warming

B

A

  14bs cª‡kœi DËi   



 

N S CO2

SO2, SO3 NO2

CO2

CO2 CO2

NO2 SO2 

CO2 

C(s) + O2 → CO2

 B CO2 CO2

CO2

CO2 

CO2 CO2 

CO2 

CO2 

B Global Warming-

A CO

CO B CO2

CO2

CO2, H2O

CO2 

CO CO

CO 

B A 



⎯⎯→ X + CO2



 

X

  15bs cª‡kœi DËi   

O2 → CO2 + H2O +  

X

⎯⎯→ CH3CH2OH + CO2 

 

i. 

ii.

CO2

CO2



 

CO2, H2O

CO2 + H2O ⎯⎯⎯⎯→ C6H12O6 + O2  



M/M2+(aq)  N2+(aq)/N 

M N

  16bs cª‡kœi DËi   

CO2, H2O

CH4 + O2 ⎯→ CO2 + H2O + 

 

M/M2+(aq) N2+(aq)/N



 

M 2e− ⎯→ M2+

N2+ + 2e− ⎯→ N  

M/M2+(aq)∥N2+(aq)/N 

 M + N2+   M2+ + N 

 M N M N2+



i.  U-235 + → Sr-90 + Xe 143 + 3 H1 = 2  1013 J mol−1  

ii. H2(g) + 
1

2
 O2(g)→H2O(l); H2= 285850 J mol−1    

H2

  17bs cª‡kœi DËi   



 

U 235 Sr-90 Xe 143

U 235 + → Sr 90 + Xe 143 +  

2  1013 J mol
−1

285850J mol
−1

i. U-235 + → Sr 90 + Xe 143 + 3 H1 = 2  1013 

 ii. H2(g) + 
1

2
 O2(g) → H2O(l);H2 = 285850Jmol−1    

 H1 H2

 = 
21013

 285850
 mol 

                                       = 69.97  106 mol

69.97  106 mol

H2 O2

→ →

2H2O   ⎯⎯→H2SO4
2H2 O2   

 4H2O
H2SO4 ⎯⎯⎯→ 4H+ + 4OH¯ 

4OH¯  4e− → 2H2O + O2 

4H+ + 4e− → 2H2 

H2





 

  18bs cª‡kœi DËi   

NaCl

NaCl H2 Cl2

(Cl–) 

 Cl−  → Cl + e− 

 Cl + Cl → Cl2(g) 

(Na+) (H+) 

  Na+ + e− → Na 

  H+ + e− → H 

  2H → H2 

  Na + H2O(l) → NaOH(aq) + H2(g) 

 2H2O(l) → 2H2(g) + O2(g) 



 

 H+

OH−

(H) (H2) 

   H+ + e– → H 

  H + H → H2 

4H+ + 4e− → 2H2(g) 

(OH
–
) 

(SO4
2–) OH

–
 

  OH
–
 → OH + e– 

  OH + OH → H2O + O 

  O + O → O2 

4OH– → 2H2O(l) + O2(g) + 4e–



B



 

  19bs cª‡kœi DËi   

A

A A

 

B  

PbBr2 → Pb2+ + 2Br- 

Br- B 

Br Br Br2
 

 2Br- → Br + e 

 2Br → Br2  





 

  20bs cª‡kœi DËi   

Pb

PbO2 CoO2

 

  

AgNO3



 

AgNO3(aq) ⎯→ Ag+(aq) + NO3
¯(aq) 

 Ag(s) ⎯→ Ag+(aq) + 2e− 

Ag+(aq) + e− ⎯→ Ag(s)   



  21bs cª‡kœi DËi   

KCl

 



 

  





 

S N O2 ⎯→CO2 + NO2 + SO2 + heat

  22bs cª‡kœi DËi   

CO

 

CO2, SO2 NO2

CO2

CO2

CO2 H2O ⎯⎯⎯→ C6H12O6 + O6

S N CO2

SO2 NO2 NO2 SO2

NO2 + O2 + H2O → HNO3 

 SO2 + O2 → SO3 

 SO3 + H2O → H2SO4 [SO2  SO3- ] 



 

 

i.

ii.

iii.

iv.

NO2 SO2



Ag+(aq)/Ag(s) 

Zn(s)/Zn2+(aq) 

(Zn) Ag

Trapping of heat

  23bs cª‡kœi DËi   

CO2

Trapping of heat

CO2

CO2 

Trapping of heat

Zn



 

(Zn) (Ag) Zn

Zn Ag+

Zn − 2e− ⎯→ Zn2+  

Zn Zn2+

Ag+/Ag  Zn/Zn2+

Zn/Zn2+ Ag+/Ag

Zn(s)/Zn2+(aq)∥Ag+(aq)/Ag(s); 

 

Zn(s) + 2Ag+(aq) ⎯→ Zn2+(aq) + 2Ag(s) 

 Ag+ Ag





 

  24bs cª‡kœi DËi   

CO2

 

 

ZnSO4

Zn(s)  2e− ⎯→ Zn2+ 

 

Zn(s)/Zn2+(aq)

Cu2+(aq)/Cu(s) Zn

Zn(s)/Zn2+(aq) ∥Cu2+(aq)/Cu(s) 

Zn(s)  2e− ⎯→ Zn2+(aq) 

Cu2+(aq) + 2e− ⎯→ Cu(s)

Zn(s)  Cu2+(aq) → Zn2+(aq) + Cu(s)

 





 

UV

  25bs cª‡kœi DËi   

UV

UV Ultraviolet

20−50km (O3)

UV  

H+ OH−

H2O 
H2SO4⎯⎯→ H+ OH− 

O2 H2

4OH− − 4e− ⎯→ 4OH 

4OH ⎯→ 2H2O + O2

4H+ + 4e− ⎯→ 2H2  

    2H2O  ⎯⎯⎯⎯→H2SO4
 2H2+ O2 



 

2 1

2 1

  

Na+ Cl−

NaCl → Na+ + Cl− 

H2O → H+ + OH− 

NaCl

NaOH

2Cl−  2e− → Cl2(g)

2H+ + 2e− → H2(g) 

Na+ + OH− → NaOH(l)

Cl2 Cl2 NaOH

NaOH + Cl2→NaCl + H2O + NaOCl 



+ O2 → A + B +

A B

A B



 

  26bs cª‡kœi DËi   

C6H12O6

C6H12O6 ⎯⎯→ 2CH3−CH2OH + 2CO2 

CO2, H2O


⎯→

+O2→CO2 + H2O +

  

CO2, 

H2O(g), CH4, CFC

CO2 H2O(g) A

CO2 B H2O(g) A B

A 

CO2



 

A



MnO2

  27bs cª‡kœi DËi   

MnO2 

NH4Cl, ZnCl2

MnO2 MnO2  Mn2O3

MnO2

MnO2

NH4Cl ZnCl2



 

Zn(s) → Zn2+(aq) + 2e− 

 

2NH4
+(aq) + 2MnO2(s) +2e− → 2NH3(g) + Mn2O3(s) + H2O(l) 

Zn(s)+2NH4
+(aq) + 2MnO2(s) → Zn2+(aq)+2NH3(g) + Mn2O3(s)+H2O(l) 



 



  28bs cª‡kœi DËi   
CH3 COOH

H

⎯→ H = (±)

⎯→ ± heat.  

NaHCO3 

CH3COOH + NaHCO3 ⎯→ CH3COONa + CO2 + H2O 

 NaHCO3 

CH3COONa, CO2

H H



 

CH3COOH NaHCO3

H 

CH3 COOH + NaHCO3 → CH3COONa + CO2 + H2O; H = (+) Ve  

CH3COOH H 

 (i) Zn + CuSO4 → ZnSO4 + Cu;  

 (ii) 
1

1
H + 

3

1
H → 

4

2
He 

i 

  29bs cª‡kœi DËi   

H2C = CH2 + H2O + [O] ⎯⎯→ 
KMnO4

 H2C    −   CH2

    |         |

    OH      OH  

 

(i) (ii) 



 

(i) 

Zn + CuSO4 ⎯→ ZnSO4 + Cu 

 

CuCu2+ ZnZn
2+ 



 

KCl U

(Zn) (Cu) 

(Salt bridge) 

K→ C
l 

e- e- 

ZnSO4  CuSO4  

Zn(s) ⎯→ Zn2+(aq) + 2e−

Cu2+(aq) + 2e− ⎯→ Cu(s) 

  Zn(s) + Cu2+(aq)⎯→Zn2+(aq) + Cu(s) 

 Zn(s) Zn2+(aq) 

Cu2+(aq) 

Zn2+
(aq)

 

Cu2+(aq) 

{K+(aq)} {Cl−(aq)} 

 H2SO4 SO3 H2O

  30bs cª‡kœi DËi   



 

S + O2 ⎯→ SO2 

 2SO2 + O2 ⎯→ 2SO3 
 

SO2 + H2O ⎯→ H2SO3 

 SO3 + H2O ⎯→ H2SO4 
 

400 – 450C 

2SO2(g) + O2(g) 440–500CPt/V2O5⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯→  2SO3(g) 
 SO3 98% H2SO4 

H2SO4      +    SO3 ⎯→ H2S2O7 
    (l)     (g)         (l) 
 H2O H2SO4-

H2S2O7   +    H2O L 2H2SO4 
    (l)     (l)         (l) 
 SO3 

H2SO4 



 



H2(g) + 
1

2
 O2→ H2O(g); H = (−) 244 kJ

H−H, O = O O−H

435, 498 643

kJ/mole

H 

H

  31bs cª‡kœi DËi   

H2(g) + 
1

2
 O2 ⎯→ H2O(g) 

 

(kJ/mol)  

 H − H 435 

 O = O 498 

 O − H 643 

1 mole H−H 
1

2
 mole O = O 2 mole O−H 

 H = −

= 








1  435 + 
1

2
  498  – 2  643 kJ/mole 



 

         H = –602 kJ/mole 

 H −602 kJ/mole

H = 

− ................... (i) 

 

= 








1  435 + 
1

2
  498

  = 684 kJ/mole 
 

= 2  643 = 1286 kJ/mol 

  < 

 (i) → H = (684 – 1286) kJ/mol 

  = – 602 kJ/mol 

 H 



  32bs cª‡kœi DËi   



 

C(s) + O2(g) ⎯→ CO2(g) + 

H2(g) + I2(g) ⎯→ 2HI(aq) − 

(Na+) (Cl−) 

Na
+
 + e

−
 = Na 

Cl− − e− = Cl 

Cl− = Cl + e−

2Cl = Cl2 
 

Na+ 

Na 

Na+ + e− ⎯⎯→ Na 

 Hg + Na ⎯⎯→ Na − Hg 

Na−Hg 

Na − Hg + H2O ⎯→ NaOH + H2 + Hg   





 

 
kJ/mole 

 
kJ/mole 

C − 

H
414

Cl− 

Cl
244 

C − 

Cl
326

H − 

Cl
431 

CH4 + Cl2 → CH2Cl2(g) + 

2HCl H

NaCl

  33bs cª‡kœi DËi   

H H 

CH4(g) + 2Cl2(g) → CH2Cl2(g) + 2HCl 



 

 

H − 

H

|

C

|

H

− H(g) + 2Cl − Cl(g) → H − 

Cl

|

C

|

H

− Cl(g) + 2H − Cl(g) 

 C − H Cl − Cl 

C − Cl H − Cl 

C − H = 414 kJ/ 

Cl − Cl = 244 kJ/ 

 C − Cl = 326 kJ/ 

H − Cl = 431 kJ/ 

= (2  414 + 2  244) kJ 

  = (828 + 488) kJ 

  = 1316 kJ 

       = (2  326 + 2  431) 

kJ 

  = (652 + 862) kJ 

  = 1514 kJ 

 −

= (1316 – 1514) kj 

  = –198 kj 

 198 kj 

 A 1.6g C 1.2g H 0.4g 8

2g MgO Mg

A



 

235U 1

A

(C − 

H, O = O, C = O O − H

414, 

498, 843 464 KJ)

  34bs cª‡kœi DËi   

2Mg(g) + O2(g) ⎯→ 2MgO(s) 

 2 2 

2  24  2(24 + 16) 

 = 48g  = 80g 

 80g   MgO 48gMg 

 2g  „         „         „   „    
48  2

 80
 " 

 = 1.2g Mg 

A = 1.6g 

  C = 1.2g 

  H   „ „ = 0.4g 

 A 

C = 
1.2

1.6
  100 

   = 75% 

  H = 
0.4

1.6
  100  

   = 25% 

 A C = 75% H = 25% 

 



 

C = 
75

12
  = 6.25 H = 

25

1
 = 25  

 

C = 
625

625
 = 1 H = 

25

625
 = 4  

 C H 1 : 4 

 = CH4 

 = (CH4)n 

 = 8 

            = 8  2 

   = 16 

 (CH4)n = 16 

 (12 + 1  4)n = 16 

 16n = 16 

 n = 
16

16
  

  n = 1 

 = (CH4)1 = CH4 

A CH4

235U 1 2.0  1013
 

CH4 

CH4 + 2O2 ⎯→ CO2 + 2H2O 
 

H −

 H

 |

 C

 |

 H

 − H + 2(O = O) ⎯→ O = C = O + 2(H − O − H) 

 4 C − H 2 O = O  

 = 4(C−H) + 2(O = O) 

  = 4  414 + 2  498 

  = 1656 + 996 



 

  = 2652 kJ. 

 2 C = O 4 O − H 

= 2(C = O) + 4 (O − H) 

  = 2  843 + 4  464 

  = 1686 + 1856 

  = 3542 kJ 
 

H = (2652 – 3542) kJ 

  = –890 kj 

  = –890000 j 

 −235 

 = (2.0  1013  890000) 

  = 225  106  

225  106  A (CH4) 



NaCl 

 

Fe2+

Pt

NaCl

  35bs cª‡kœi DËi   



 

FeCl2 Cl2 Fe2+ e¯ Fe3+

FeCl2 + Cl2 ⎯→ FeCl3

Fe2+ + e¯ ⎯→ Fe3+

FeO, C Fe

FeO + C ⎯→ Fe + CO

Fe2+ + 2e¯ ⎯→ Fe

Fe2+

H+ 

Na+ 

OH¯ 
Cl¯ 

H+, Na+ H2

NaCl 

Pt

2H+ + 2e¯ ⎯→ H2

2H+, Cl¯ O2

4OH¯ + 4e¯ ⎯→ O2 + 2H2O

Pt NaCl

H+ 

Na+ 

OH¯ 
Cl¯ 

Na+  Cl¯ Na+

Na Cl¯ Cl2

Na+ + e− -⎯→ Na

2Cl− − 2e¯ -⎯→ Cl2



 

Na,

Na + Hg ⎯→ Na − Hg

 (i) CH4 + 2O2 → CO2 + H2O;  H = − 890 kJ 

C = O, C − H, O = O 843 kJ mole, 414 kJ/mole 

498 kJ/mole. 

(ii) N2 + 3H2 → 2NH3;  H = − 92 kJ 

3 5

(i) O−H

(i) 

ii)

  36bs cª‡kœi DËi   

(P) 15

P(15) ⎯→ 1s22s22p63s23p33d0

P 3 d

P 3 P 3s

1 d

5 P 5

(i)

CH4 + 2O2 ⎯→ CO2 + H2O; H = − 890 kJ



 

kJ/mole 

C = O 

C − H 

O = O 

O − H (x) 

843 

414 

498 

? 

H = 

- 890 = (4  414 + 2  498) - (2  843 + 2  x) 

- 890 = 2652 - 1686 - 2x

2x = 2652 - 1686 + 890

2x = 1856 

  x = 928 kJ/mole

(i) CO2 (ii)

NH3 130°−150°C

CO2 + 2NH3 ⎯→ (NH2)2C = O + H2O

NH3 CO2 NH3

NH4
+

OH¯

NH4
+

(NH2)2C = O + H2O ⎯⎯⎯→ 2NH3 + CO2

NH3 + H2O == NH4OH 

 NH4OH + H2O == NH4
+

(aq) + OH
−

(aq) + H2O





 

A

  37bs cª‡kœi DËi   

Cu/Cu2+(aq) 

Zn/Zn2+(aq) 

Zn(s) → Zn2+(aq) + 2e− 

Cu2+(aq) + 2e− → Cu(s)

 Zn(s) + Cu2+(aq) → Zn2+(aq) + Cu(s)
  

(KCl) U

Zn Zn2+(aq) 

Cu2+(aq) Cu

A

Zn2+(aq)

Cu2+(aq) Cu Zn2+(aq)

Cu2+(aq) 



 

Zn2+(aq)

Cu2+(aq) Cu

Zn2+(aq)

K+(aq) Cl¯(aq)

 


