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GwmW-ÿvi mgZv 
Acid-base 

 

m„Rbkxj cÖkœ I DËi 



NH4Cl 

NO2

pH 7

‘X’

‘X’ 

  1bs cª‡kœi DËi   
NO2

pH 7 

pH 7 pH

7

CaO(s) + H2O(l) ⎯→ Ca(OH)2(aq) 

 pH

7

X 



NH4Cl CaO X NH4Cl

CaO

2NH4Cl(aq) + CaO(s) ⎯→ CaCl2(aq) + NH3(g) + H2O(l)

X NH3

NH3 NH3

NH
+
4 OH

–
NH3

(NH4Cl) (H2O)

NH
+
4(aq) + OH

–
(aq) + HCl(aq) ⎯→ NH4Cl(aq) + H2O(l)

X NH3 NH3

FeCl3 X (NH3)

NH4Cl Fe(OH)2 

 (NH
+
4)  

OH
–

FeCl3 + NH3(g) +  (H
+
 + OH

–
) ⎯→ NH4Cl(aq) + Fe(OH)3(s)

 



pH



  2bs cª‡kœi DËi   

pH 7 pH

pH 7

pH 7

 H2SO4

SO2(g) + H2O(l) ⎯→ H2SO3(aq) 

 SO3(g) + H2O(l) ⎯→ H2SO4(aq) 

2NO2(g) + H2O(l) ⎯→ HNO2 + HNO3(aq) 



 HNO2 HNO3-

(H2SO4 NHO3)

 16 A 

A B 

A −

B 

B 

−

  3bs cª‡kœi mgvavb   


A 

(SO2) A-

SO2(g) + H2O(l)  ⎯→  H2SO3(aq)

B 

SO2, 400−450C 

2SO2(g) + O2(g) 440 − 500C Pt/V2O5⎯⎯⎯⎯⎯⎯⎯⎯→ 2SO3(g);  

 H = − 197 kJ mol−1 



SO3 

450C 

SO3 

B 

H2SO4 

H2SO4-



pH 1.6 7.5

pH 5.5



  4bs cª‡kœi DËi   
(NH4)2SO4  

4 5% (CH3COOH)

(H
+
)

pH 5.5−6.5

pH 7

pH 5.5

pH

pH 2 pH 7.4

0.4

pH 1.6 pH 7.5

pH

pH





5 ppm

  5bs cª‡kœi DËi   
5ppm 5

Ca(HCO3)2 
 ⎯⎯→ CaCO3 + CO2 + H2O 

 

 

−

pH pH 4.5 9.4

pH pH pH

pH

100

20 24



−

Ca(OCl)Cl(s) + H2O ⎯→ Ca(OH)2 + 2[Cl] 

 2[Cl] ⎯→ 

(15 – 20

[K2SO4. Al2(SO4)3.24H2O]

 



  6bs cª‡kœi DËi   



H
+

(H2CO3)

(CH3COOH) 

(NaHCO3)

HCl

NaHCO3 + HCl → NaCl + H2O + CO2



NaOH 

NaOH HCl 



KOH

  7bs cª‡kœi DËi   

(KOH) 

NaOH + HCl ⎯→ NaCl + H2O

 

NaCl 

(NaCl) 

(Na+)] (Cl-)] 

(HCl)  (NaOH) 





HCl KOH 

  8bs cª‡kœi DËi   
 HNO3  

HCl KOH 

HCl KOH

H
+

OH
−
)

i. 2Na + 2HCl ⎯→ 2NaCl + H2 

 ii. 2K + 2HCl ⎯→ 2KCl + H2 

 iii. 2Fe + 6HCl ⎯→ 2FeCl3 + 3H2 

HCl HCl 

NaOH NaOH 

NaOH HCl 



NaOH + HCl ⎯→ NaCl + H2O 

  



KOH 

  9bs cª‡kœi DËi   

KOH 

OH−



H+ OH-

 



H 

Pb X 

  10bs cª‡kœi DËi   

NaOH OH¯ 

Pb Fe Fe FeCl2  



FeCl2 (aq) + 2NaOH(aq) ⎯→ Fe(OH)2(s) + NaCl   

  (

OH- 

OH- Al –

Cu NaOH 

CuCl2(aq) + 2NaOH (aq) ⎯→ Cu(OH)2(s) + NaCl(s) 

NaOH 

     Cu(OH)2 ⎯⎯⎯⎯→ Cu (OH)2 



X 

Y 

Y X 



X 

Y 

X 

Y-

  11bs cª‡kœi DËi   
H+

HCl H+ HCl 

X

Y

H H2 

X

Y

X Y 

Mg(s) + 2HCl (aq) ⎯→ MgCl2 (aq) + H2(g) 

 Mg(s) + H2SO4(aq) ⎯→ MgSO4(q) + H2(g) 

X Y 

X HCl Y 

H2SO4  HCl 

X HCl  Y H2SO4 

H2SO4(aq) ⎯→H2O + SO2 + [O] 

 



 Cu + [O] ⎯→ CuO 

 CuO + H2SO4 ⎯→ CuSO4 + H2O 



X(g) + H2O(l) ⎯→ H2CO3(aq) 

2NO2(g) + H2O(l) ⎯→ Y(aq) + Z(aq) 

A(g) + H2O(l) ⎯→ H2SO3(aq) 

SO3(g) + H2O(l) ⎯→ B(aq) 

X, A 

Y, Z B 

pH 

  12bs cª‡kœi DËi   

X A 



CO2 

Y Z 

 CO2(g) + H2O(l) ⎯→ H2CO3(l) 

 2NO2 (g) + H2O(l) ⎯→ HNO2(aq) + HNO3 (aq) 

 B 

 

 SO2(g)+ H2O(l) ⎯→ H2SO3(aq) 

 SO3(g) + H2O(l) ⎯→ H2SO4(aq) 

 pH 

4 4-  

 Y, Z B pH 

 



Na2CO3(s  aq) + X(aq) ⎯→ Na2SO4(aq) + H2O(l) + Z(g) 

Y + HCl(aq)  ⎯→ CaCl2(aq)   + H2O(l)  + CO2(g) 

HNO3 CaO

Z- X-



X- Y

  13bs cª‡kœi DËi   

(H
+
)  

 HNO3 CaO

HNO3(aq) + CaO(s) ⎯→ Ca(NO3)2(aq) + H2O(l) 

 Z- CO2 X

→

X Z

X Y HCl

Y

X- Y

 CaCO3 + H2SO4 ⎯→ 

X Y



H2SO4

H2SO4



H2SO4

−

  14bs cª‡kœi DËi   
 

pH 7.35 7.45

Ca(OH)2 H2SO4

Ca(OH)2 H2SO4  CaSO4

 H2SO4               +         Ca(OH)2      ⎯→      CaSO4       +    H2O 

 

 

[Ca(OH)2]

H2SO4

H2SO4  +  Ca(OH)2   ⎯→ CaSO4  +  H2O 

[Ca(OH)2] Ca (H2SO4)  

CaSO4



CaSO4

H2SO4 Ca(OH)2 CaSO4 H2O

 



−

  15bs cª‡kœi DËi   
 

Ca, Mg, Al, Fe Ca, 

Mg Al

 

Ca, Mg, Fe  Ca, 

Mg, Fe



Ca, Mg Fe

Ca, Mg Fe

R-COONa + H2O ⎯→ R-COO- + Na+  
 

2R-COO- + Ca2+ ⎯→ (R-COO) 2Ca 
 

  

Ca, Mg Fe



0 14



  16bs cª‡kœi DËi   

pH

pH

pH  

pH  pH pH

pH

pH 2

pH

pH 6 pH 7.35 7.45

pH

pH 5.5 pH 5.5 6.5

pH pH

4 6

pH 6

 

pH

pH  0–3 pH 11–14

H2SO4(aq) + NaOH(aq) ⎯→ Na2SO4(aq) + H2O(l) 

   

pH 0–3 pH  7–11

HCl(aq) + NH4OH(aq) ⎯→ NH4Cl(aq) + H2O(l) 



      

pH  3–7 pH 11–14

 

CH3COOH(aq) + NaOH(aq) ⎯→ CH3COONa(aq) + H2O(l) 

  

pH  3–7 pH 7–11

 

 CH3COOH(aq) + NH4OH(aq) ⎯→ CH3COONH4(aq)  + H2O(l) 

  



(III)

pH 

  17bs cª‡kœi DËi   
pH 5.5



(III) 

(III)

 2Fe(OH)3(aq) + 3H2SO4(aq) ⎯→ Fe2(SO4)3(aq)    + 6H2O(l) 

KOH(aq) + CH3COOH(aq) ⎯→ CH3COOK(aq)   + H2O(l) 

Fe2(SO4)3(aq) + 6CH3COOK(aq) ⎯→ 3K2SO4(aq) + 

2(CH3COO)3Fe(aq) 

 



BOD 



  18bs cª‡kœi DËi   
BOD Biological Oxygen Demand 

(0.01

RCOONa + H2O ⎯→ RCOO− + Na+;  

  

2RCOO
−
 +   Ca2+ ⎯→     (R – COO)2Ca 

 

pH 5.6



 CO2(g) + H2O(l) ⎯→ H2CO3(aq) 

 2NO2(g) + H2O(l) ⎯→ HNO2(aq) + HNO3(aq) 

SO2 
Aw·‡Rb/I‡Rvb⎯⎯⎯⎯⎯→ SO3(g) 

 SO3(g) + H2O(l) → H2SO4(aq) 

 

pH 4 4



S + O2 ⎯→ X 

NO + O2 ⎯→ Y 

C + O2 ⎯→ Z 

Al Ca

Z

X Y



  19bs cª‡kœi DËi   
(NaOH)

(Ca)

Ca Al

Al Al Ca

Z

(CaCO3) (CaCO3.MgCO3)

CO2(g) + H2O (l) ⎯→ H2CO3(aq) 

CaCO3(s) + H2CO3(aq) ⎯→ Ca(HCO3)2(aq) 

MgCO3(s) + H2CO3(aq) ⎯→ Mg(HCO3)2 (aq) 

CO2

X Y (SO2)

(NO2)

(SO3)

SO2(g) + H2O (l) ⎯→ H2SO3(aq) 

SO2 (g) + O2(g) ⎯→ SO3 (g) 

SO3 (g) + H2O (l) ⎯→ H2SO4 (aq) 

(NO2)

(HNO3)



4NO2 + O2 + 2H2O ⎯→ 4HNO3 

PH

4 4



SO3(g) + H2O (l) ⎯→ P(aq) 

P (aq) + CuO ⎯→ CuSO4(aq) + H2O(l) 

Q (aq) + P (aq) ⎯→ Na2SO4 (aq) + 2H2O (l) + R (g) 

pH

'P'

'P'

'R'

  20bs cª‡kœi DËi   

pH

i. pH

ii. pH

SO3(g) + H2O (l) ⎯→ H2SO4 (aq) 
P H2SO4

P



(Na2SO4)

Na2CO3 + H2SO4 ⎯→ Na2SO4 + CO2  + H2O 

CaCO3 + H2SO4 ⎯→ CaSO4 + CO2  + H2O 

CO2

Ca(OH)2(aq) + CO2(g) ⎯→ CaCO3(s) + H2O (l) 



HCl 

250

ml 0.5m

l 

400 
ml 01 

m 

(i) (ii) 

Na2CO3 

(i) Na2CO3

  21bs cª‡kœi DËi   



(i)

 Na2CO3 400mL 

= 01M 

Na2CO3 106 

   1 mol Na2CO3 = 106 g 

1000ml 1M  Na2CO3 106g Na2CO3 

    400 ml  01M   "       "                "         "         "  
106  400  01

1000
 

  = 424g Na2CO3 

(i)- 424g Na2CO3

(i) (ii)

Na2CO3 + HCl ⎯→ 2NaCl + CO2 + H2O 

(HCl) (Na2CO3)

(NaCl)

(i) (ii)



Ca (OH)2 + 2NH4Cl ⎯→ CaCl2 + X + Y 

X



Y

  22bs cª‡kœi DËi   

X (NH3)

NH3(g) + H2O (l) ⎯→ NH4
+(aq) + OH−(aq) 

Y (H2O)

R−COONa + H2O ⎯→ R-COO− + Na+ 

2R−COO− + Ca2+ ⎯⎯→ (R−COO)2Ca 

 







A(aq) + CuO ⎯→ CuSO4(aq) + H2O 

B(s) + A (aq) ⎯→ Na2SO4(aq) + H2O + C(g)

pH 

HNO3

A 

A-

C 

  23bs cª‡kœi DËi   
pH H+

HNO3 

A H2SO4 CuSO4 

H2O CuO 

CuSO4 SO
2¯

4

A H2SO4  



H2SO4(l) + ⎯→ H2SO4(aq)  

 H2SO4(aq) ⎯→ 2H+(aq) + SO
2¯

4 (aq) 

 H+

H2SO4 A H2SO4 

A H2SO4 (B)

(C)

(B)Na2CO3 (s) + (A) H2SO4(aq) → Na2SO4(aq) + H2O(l) + (C)CO2(g) 

 (C)

CO2 

Ca(OH)2(l) + CO2(g) → CaCO3(aq) + H2O(l) 

CO2 C



CaCl2 2NaOH

X + Y 

pH 

X 

X NH4Cl  

  24bs cª‡kœi DËi   



pH

pH pH 7 7

7  pH pH

pH

pH

X Ca(OH)2

CaCl2(aq)+2NaOH(aq)⎯→Ca(OH)2(s)+NaCl(aq) 
  

CaCl2

NaOH

 Ca2+(aq) + 2OH¯(aq) ⎯→ Ca(OH)2(s) 
              

Ca(OH)2

Ca(OH)2(s) 

Ca

Ca 

  

X Ca(OH)2

NH4Cl 

2NH4Cl(aq) + Ca(OH)2(aq) ⎯→ NH3(g) + CaCl2(aq) + H2O(l) 

NH
+
4 (aq) + OH¯(aq) ⎯→ NH3(g) + H2O(l) 

NH4Cl

NH3(g) + NaCl(aq) + H2O(l) ⎯→ NH4Cl(aq) + NaOH(aq) 

X NH4Cl 

  





  25bs cª‡kœi DËi   

CaSO4.2H2O  

CO2(g) + H2O(l) ⎯→ H2CO3(aq) 
 

Ca, Mg, Al 

Fe 

R − 

O



C
 
− ONa   + CaCl2 → 2NaCl +

 








R − 

O



C
 − O 2

 
Ca

  

  



Ca(OCl)Cl + H2O ⎯→ Ca(OH)2 + 2[Cl] 

 + 2[Cl]       ⎯⎯→     

(15–20

1 {K2SO4.Al2(SO4)3.24H2O} 



  26bs cª‡kœi DËi   



CO2 

CO2 

CO2 

CO2 CO2 

CO2 CO2 

CO2 

CO2 

CO2), SO2 NO2

CO2(g) + H2O(l) ⎯→ H2CO3(aq)

NO2(g) + H2O(l) ⎯→ HNO2(aq) + HNO3(aq)

SO2(g) + H2O(l) ⎯→ H2SO3(aq) 

SO3(g) + H2O(l) ⎯→ H2SO4(aq)

H2CO3, HNO2, HNO3, H2SO3  H2SO4 





4P 12Q 20R 24S 38T 

P, Q, R, S T

  27bs cª‡kœi DËi   

4P 1s
2
2s

2
 2 

12Q 1s
2
2s

2
2p

6
3s

2
 2 

20R 1s
2
2s

2
2p

6
3s

2
3p

6
4s

2
 2 

24S 1s
2
2s

2
2p

6
3s

2
3p

6
3d

5
4s

1
 1 

38T 1s
2
2s

2
2p

6
3s

2
3p

6
3d

10
4s

2
4p

6
5s

2
 2 



4P, 12Q, 20R, 38T

24S

np3, np6, nd5, nd10, nf7

nf14

d4s2 d5s1 d9s2

d10s1
24S

1s22s22p63s23p64s23d4 1s22s22p63s23p64s13d5 24S = 

1s22s22p6 3s23p63d54s1



FeCl2(aq) + X (aq) ⎯→ Fe(OH)2 + NaCl 

                                    (

Y(aq) + 3NaOH (aq) ⎯→ Z(s) + NaCl 
                            

X 

X  Z 

  28bs cª‡kœi DËi   

HCl 

Mg(OH)2 MgCO3, Mg(HCO3)2



X 

 NaOH 

FeCl2+ 2NaOH ⎯→ Fe(OH)2 + 2NaCl 
                                

X 

 ZnCl2(aq) + 2NaOH(aq) ⎯→ Zn(OH)2(s) + NaCl  

Zn(OH)2 
 NaOH ⎯⎯⎯⎯→ Na2Zn(OH)4

X NaOH 

Z 

 FeCl3 (aq) + 3NaOH ⎯→  Fe(OH)3(s) + NaCl 

 (Y)                                (Z) 

OH– 

OH–

X Z 

X- Z-

X- Z- 


