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SI

SI 
SI







km
      1  = 1.0x 103 = 1000   


1cm= 1/100 m

1cm = on 10-2 m

1m = 10-3 km

  SI
  m

  kg

  s

  A

  K

 (candela) CD

 mole mol



3

1m = 10-5 km

SI 
SI





SI

x

(i) 102(ii)


i) Ms ii) ms

   
 T  (Tm) =1.0 x 1012m

 G 109 (gm) =1.0 x 109m

 M 106 (mm) =1.0 x 106m

 k 103 (km) =1.0 x 103m

 h 102 (hm)=1.0 x 102m

 da 101 dmxm

 d 10-1 = 1 x 10-1m

 c  (cm) =1.0 x 10-2m

 m 10-3 (mm)=1.0 x 10-3m

 µ 10-6 (μ Tm)=1.0 x 10-6m

 n 10-9 (nm)=1.0 x 10-9m

 p 10-12 (pm)=1.0 x 10-12m
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2g1g


• 




• 
(2g1g



          

(Fe:S)
  (Fe:S)



Fe + S  FeS

(II)
(FeS)
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 vice versa. 
        
6.022045 x 10231mol = 6.022045

x 1023 
6.023 x 1023 





x1023  1 mol-1NA

 

x
NA=6.023x1023 mol-1.


kg

x
x
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x









C = 6.022 x 1023 C 
O

2
= 6.022 x 1023 O

2
 

H
2
O= 6.022 x 1023  H

2
O 

mole NaCl = 6.022 x 1023 NaCl  
Ba2+ = 6.022 x 1023 

  
 Na, K, Cu 
 O, N, H  

(O
2
), (N

2
), (H

2
)

 NH
3
H

2
OCH

4
 

 NaCu+2,Ag+ClO 
 NaCl, NaNO

3
K

2
SO

4 
 

 
H

2
O HO

NH
3

N H
NaCl Na+  -Cl ion

NaNO
3

Na+NO-
3
 ion

K
2
SO

4
K+SO-2

4
 ion

Ba
3
(PO

4
)

2
Ba2+ PO-3

4
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=x
1  O

2
 = 1 x (6.022 x 10)23) = 6.022 x 1023 O 

0.5 O
2
 = 0.5 x (6.022 x 10)23) = 3.011 x 1023 O

0.1 O
2
 = 0.1 x (6.022 x 10)23) = 6.022 x 1022 O 

2


 x



 x



 Cl

2
Cl

 
Cl

2 





=x

=x

x





 
CamuC
[]
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amu = 
mass of one C-12 atom

12

   
Da



C


        


 =

=

 O-16   C-12       
O-16 =1.333 x 12 = 15.996 ~ O-16

 

H

2
OH

2
O

= Hx+O
=x+x=+=








C-12


C-12
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O=

16 =

O= amu

O=amu


amu






NH 
NHNH

NH = N+H 
=[+x] amu

=amu

NaCl
Na+Cl-


NaCl =Na++ Cl
= 25 amu + 35.5 amu

= 58.5 amu

  Na+        23 amu 
Na

ClCl
amu

O
amu

O
C12
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x
=x

i


6.022 x 1023C-12g mol-1.


1616166.022x1023

O
g mol-1 







x


 
H 
 C 
N 
O 
Na 
P 
 S 
Cl 
K 
Fe 
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H

2
O

xg mol-1

H

2
O x H+O

= x g mol-1+g mol-1


iii
x


NaCl
NaCl =Na+ +Cl
=+

=


(i). KSO(ii)Ba(PO)

iK =x K++SO

   Molar

  
 amu g mol-1
O  
P  
S  
HO  
NH  
HCl  
CHCl  
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=x K++S+xO
=[x++x]]

= ++=

iiBa(PO)xBa+ +PO

= x Ba++P+xO
=[x++x]]

=+=



   x        

x=

x =
19

23

12 1 10

6.022 10 g

 


=x

NH g
NH=+=

g NHx

NH
236.022x10  molecule

= x100g
17g

=x 
=x

O  

xO=g.

O  = 23

16

6.022 10

g
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=x 

O
=xx g =x g.


HCl

6.634 x 10-26 kg


KNOK=

amu; N=amuO=amu

 NaPO. molNaPO

Na=amu, P=amu; O=amu



M=
x 
n xg
n

=

n =
m

M
 m = n x M


 
 Al =amu
Al =g mol-1
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=x
= xg mol-1 
=


Molar


=

STP
0OCK
STP 
*
L 
STPL
mol


CuCu

=

Au

=





     *STP(K
 atmL 

atm
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COSTPKbar





• C


• x
• 




• 
STPK


• 


• 
Mn
mn = m/M)

m M n

n =
m

M

     


 

Fe = amu
 

P = amu
x
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x
amu

g mol
iNaOH

iiCuSOHO

iiiNaCOHO

PCl
iPCl
iiPClCl 
iiiCl
iv PCl

x 1019 C12
Cg
CaCO


2 2 3N 3H 2NH  xN

iN
iiNHxN
iiiII STPNH


1. Kilogram

2. μ g

3. i) h ii) n

4. i) Megasecond, 106 s

    ii) millisecond, 10-3 s.



1. Mole of N gas = 
23

23 -1

4.22 x 10  molecules

6.022 x 10  molecules mol

2. 0.25 Mole ClCl= 0.25 x 6.022 x 1023 
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= 1.5055 x 1023 
Cl2 Cl Cl = 2 x 1.5055 x 1023 = 3.011 x 1023


1.3

=H +Cl

+



2.  = 
    = 6.022 1023 
    = xkgx xmol-1

     =  39.95 xkg mol-1

     = 39.95g mol-1

3. KNO
3
 = K+ N +

’O’
amu

g mol-1 
KNO

3
 =x g+ g+ x g

 =g+ g+ g= 101.1g mol-1

4. 1Na3PO4  = xNa +P+
 x‘O’

= 3 x (23.0g) + 31.0 g + 4(16.0)g

= 69.0g + 31.0g +  64.0g = 164.0g

0.146 Na
3
PO

4  = 0.146  x 164.0g = 23.94g

1.4

3.05gCu = 1

3.05

63.5

g

gmol = 0.048 mol

Au = 1

12.6

197

g

gmol = 0.064 mol

STP = 22.7L (STP 298K, 1bar)

     STP 2.5  2CO = 2.5 x 22.7L = 56.75L
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• 






H
2
OCO

2
 

CH
4
N

2
O

5





H

2
O






C

6
H

12
O

6


 = XnX
n C

6
H

12
O

6 





C

12
H

22
O

11



P

4
, S

8


         NaCl 
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NaClNaCl
KCLNaNOMgO 





CH

4


NH
3


.



          







Al
2
O

3




  
 NH

3
NH

3

 CO2 CO
2


 C2H6 C2H6

 C6H12O6 C6H12O6

 S
8

S
8

 C6H6 C6H6

 — NaCl

 — CaO
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 =
mass of element in one molecular formula or in one emphirical formula

x100
molecular mass or emphirical formula mass of compound

 =
mass of element in 1 mol compound

x100
Molar mass of compound

Al
2
O

3


2 3

2 3

Mass of aluminium in 1 mol Al O
Percentage of aluminium = x100

Molar mass of Al O

Al
2
O

3 
 

 
= (2x27.0)g + (3 x 16.0)g = 102.0 Al 

2
O

3 


mol AlAl2 x 27.0 g = 54.0 g A1

54.0
Percentage of Aluminium x100 52.9%

102.0

g

g
 

. Al
2
O

3 
O

3 x 16.0g
3 16.0

Percentage of oxygen = x100 = 47.1%
102.0g

x g

C
4
H

8
O

2



C

4
H

8
O

2




   x      x  
x
 = 4 x 12.0g + 8 x 1.0g + 2 x 16.0g = 88.0g

C  = 
12

x100=13.63%
88

H=
8.0

100 9.1%
88.0

g
x

g


O=  
32.0

100 36.4%
88.0

g
x

g
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O=C+ H 

= 100 - (54.5 + 9.1 = 36.4%





;



           
  




H
O      H   g   



1mol of H atoms

1.0g H

 H = H
1mol of atoms

1.0g H
 H


1 mol of O atoms

16g O

gO =gO
1 mol of O atoms

16g O = O






24





11.11

5.55 
 5.55

1
5.55




H

2
O.


Fe

3
O

4
 FeO


(a) SrCO

3
 C b

 
H

2
SO

4
 SO

3




H
2
O

2
, C

6
H

12
, Li

2
CO

3
, C

2
H

4
O

2
, S

8
, S

2
, SO

2
H

6
, S

3
O

9
, N

2
O

3

......................................................................................................................................................












Fes+ 3O
2
(g)  Fe


O


s 
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i
ii







Fes+ 3O

2
(g)  Fe


O


s





Fes+ 3O
2
(g)  Fe


O


s 

Fe

O


2Fe


O











         Eq. 2.1a 
 N

A



Fes+ 3O

2
(g)  Fe


O


s 

Fe  O

   Fe


O


 

x N
A 

Fe x N
A
 O



Fe

O


s 4 atoms of Fe  3 mol O

2

x N
A
 Fe


O


s

2  Fe
2
O

3 
s
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Fes+ 3O

2
(g)   F


O


 

  4 mol Fe          3 mol O
2

            2 mol Fe
2
O

3

4
mol Fe 3 mol of O

2
  2 mol of  Fe

2
O

3




  


Fe = 

iiO

 

=×=

iiiFe

O


 =2 × 55.8 + 3×16.0

=

b


Fes + 3O
2
(g)   Fe


O


s

 4 mol Fe 3 mol O
2

             2 mol Fe
2
O

3

(4 x 55.8) g Fe (3 x 32) g O
2   (2 x 159.6) g Fe

2
O

3

223.2  Fe 96 g O
2

 319.2 g FeO
3




Fes + 3O
2
(g)   Fe


O


s

gFe 96g O
2

319.2g Fe
2
O

3


STP

C 
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O

2



Fes + 3O

2
(g)   Fe


O


s 

4 mol 3 mol   2 mol

(3 x 22.7) L at STP

STP L








Fes + 3O
2
(g)   Fe


O


s

  
 4 mol 3 mol 2 mol

  
STP L

STP


a 


 N
2
 (g) + 3H

2
 (g)  2NH

3
 (g) 

   
i mol 3 mol 2 mol

ii  (3x2.0) = 6.0g (2x17.0) = 34
iii 1 x 22.7 L  (3 x 22.7) (2 x 22.7)

 = 22.7 L = 68.1 L = 45.4 L
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 vol vol vol

b 


2C
4
H

10
 (g) + 13O

2
 (g)  8CO

2
 (g) + 10H

2
O (g)

2 molecues 13  
mol mol mol mol

2x(4x12+10x1g) (13x32) g 8x(12+2x16) g 10x(2x1+16)g

g g g g

2x22.7=45.4L 13x22.7=295.1 L 8x22.7=181.6 L 10x22.7=227 L

vol vol vol vol





N
2
(g) + 3H

2
(g)   2NH

3
(s)




N
2
(g) + 3H

2
(g)   2NH

3
(s)

1 mol 3 mol 2 mol

 1x28g = 28  3x2g = 6.0  2x17g = 34 

 ===

NH
3
H




106 g NH
3
 56.0x106

1.76 10
34

g x g of H
2
.

x g
C

4
H

10


(O
2
)
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2C
4
H

10
 (g) + 13O

2
 (g)   8CO

2
    + 10H

2
O(s)

2mol 13 mol

2 x 58 = 116  13 x 32 = 416 



2

416x1000
g O

116


= O


= kg O

~ O



PbSPbO
SO




2PbS(s) + 2PbO(s) heat 3Pb( ) +SO (g)l


Pb = 207.0, S = 32.1;  O = 16.0


2PbS(s) + 2PbO(s) heat 3Pb( ) +SO (g)l
1 mol   1 mol   3 mol     1 mol

PbO=+=amu


PbO = -1

14.0g PbO

223.0g mol PbO xmol PbO

aPbOmolmol6.28 x

10-2 PBO

6.28 x 10-2 mol PbO x  
3 mol Pb

2 mol PbO
 = 9.42 x 10-2 mol Pb

b) Pb ; 
x 10-2Pb
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9.42 x 10-2 mol Pb x   
207.0g Pb

1 mol Pb
 = 19.5 g Pb

c) 9.42 x 10-2 Pb 
9.42 x 10-2 Pb Pb x 6.022 x% 1023=x 1022 Pb
dPbOSO




6.28 x 10-2  PbO
21 mol SO

2 mol PbO
x = 3.14 x 10-2 mol

SO
2

SO

= + = 

SO

=

SO
2 
x 10-2SO

2


3.14 x 10-2x 64.1  =

 NH

3


N2 (g) + 3H
2
 (g)   2NH

3
(s) (a) N  0.207 mol (b) H

2



 C

2
H

4
 (g) + 3O

2
 (g)   2CO

2
 (g) + 2H

2
O(l)

O

(a)(b) H


x O

C
2
H

4
 









2H
2

+ O
2 
   2H

2
O

2 mol 1mol 2mol



;
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(SO)

2
O




SO



i
ii SO


 

i
SO

2
 +O


SO




a2mol of SO

3
SO

2
mol

SO

 SO

2
mol 

= (3 mol SO
2
) 

3

3

2 mol SO
x 

2 mol SO  = 3 mol SO
3

bSO
3
O


 SO


 O






= O


) x
3

2

2 mol SO

1 mol O = 4 mol SO
3


SO




(ii)SO





STP (273 K,


i
ii
iii
iv)Na = 23, Cl

= 35.5)
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Nas + Cl
2
 (g)  2NaCl

STP 22.7 L

i  -1

2.3

23g mol

g
 = 

2 mol NaCl 2 mol Na

Na = 
2x0.1

2
=STP

mol NaCl=L

STPL = -1

2L

22.7L mol
=

mol Cl
2
 2 NaCl 

mol Cl
2
 2x 0.088 = 0.176 mol NaCl

iiiNaCl=mol iii
mol Cl


mol NaCl

NaCl1x0.1

2
=mol Cl

2

Cl

=

Cl

==

Cl

=x =

Cl

 =x=

iv)Cl

 =

  Cl

 


NaCl= 0.05

= 56.8%
0.088 x 100 

 MgCO
3
CaCO

3


Mg = 24, Ca = 40, C = 12, O = 16
MgCO


CaCO

3

=MgCO



be =  x g

CaCO

=xg

MgCO
3
 (g)   MgOs + CO

2
 (g) (i)

++ +
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CaCO
3
 (g)   CaOs + CO

2
 (g) (ii)

++ +
 


i

 MgCO
3
  =x g MgCO

3
 

= 40

84

x
g

ii
 CaCO

3
=

x g CaCO
3
= 56(2.0 )

100

x
g



 40 56(2.0

84 100

x x 
  

40 x 100x + 84 x 56 x 2 - 84 x 56x  = 84 x 100 x 1.04

      4000x +        9408    -    4704x = 8736

                            9408   -      8736 = (4704 - 4000)x

672 = 704x

MgCO

 = 672

704
x 


=

MgCO
3
 0.96

3
2.0

 x100 = 48%

CaCO

 ==


• 

(i)
ii

• 
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i
ii

• 
i
ii

• 
• 
• 
• 

 


• 



•  


• 




 CO, Na

2
NO


C


H

10
H


O


KCl


 CH


Oamu

amu

 NON

2
O
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 A

CO



H
2
O


 CO




H
2
O.






 (i)CH





C

2
H

4
 (g) + 2O

2
 (g)  CO

2
 (g) + 2H

2
O (l)


iiCH





 H


+ Cl

2
HClCl

2
HCl

  H

      HCl  


H


O

2 
H

2
O


NaOH Na

2
CO

3


Ca(OH)
2
Na


CO

3
NaOHCa(OH)







CaH
2 
+H

2
OCa(OH)

2 
 + 2H

2

CaH
2 
 H

2 
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2Al + 3MnO   Al
2
O

3
 + 3Mn

g AlgMnO
(Al = 27, Mn = 55


KClO

4


Cl
2
 + 2KOH ? KCl + KClO + H

2
O

3KClO   2KCl + KClO
3

4KClO
3
   3KClO

4
 + KCl

 KClO

 


Cl


 

(K = 39, Cl = 35.5, O = 16, H = 1)


 Na

2
CO

3
 

NaHCO

3




 

Ca = 40, C = 12, O = 16, S = 32)



 Fe3O4  = 3 x 56.0 + 4 x 16.0

= (168.0+64.0) = 232.0 g mol-1

Fe  = 
168.0

232.0
 x 100 = 72.41%

O  = 
64.0

232.0
 x 100 = 27.59%

2. a) SrCO3   = 87.6+ 12.0+ 48.0 147.6 g mol-1

 SrCO3 C   = 
12.0

147.6
x 100 8.13%

b) H2SO4   = 2.0 + 32.1 +64.0 98.1 g mol-1

SO3   = 32.1+ 48.0 80.1 g mol-1

H2SO4 SO3  = 
80.1 100

98.1

x
x 81.65%
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H

2
O

2
HO

C
6
H

12
CH

2

Li
2
CO

3
CH

2
O

S
8

S

H
2
O H

2
O

B
2
H

6
BH

3

O
3

O
3

S
3
O

9
SO

3

N
2
O

3
N

2
O

3

4. = 53.1%

 = 46.9%

 = 
53.1

12.0
g =4.43 mol

 = 
46.0

16.0
 =2.93 mol

 
4.43 2.93

:
2.93 2.93



= 1.50:1 or 3:2

Empirical formula of the compound is C
3
O

2
.

C
3
O

2
.

2.2

1. 
N

2
 (g) + 3H

2
 (g)  2NH

3
(s)

1  3  2 
0.207  N

2
 gives 0.414  of NH

3

0.414  of NH
3
 = 0.414  x 17.0 g -1= 7.038 of NH

3

22.6 g  = 
22.6

2.0
= 11.3 

11.3  2/3 x 11.3  NH
3
 = 7.53
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NH
3
 = 7.53 x 17.0 g -1= 128.01

2. CH
2
 (g) +  30

2
 (g)  2CO

2
(g) + 2H,O(g)

1  3  2  2 
a) 4.16 x 10-2 C

2
H

4 
,  3 x 4.16 x 10-2 

= 12.48 x 0-2 = 1.248 x 10-1 O
2
.

b)  H
2
O, 2x4.16 x 10-2  H

2
O 

= 8.32 x 10-2  H
2
O



39












        








• 
• 
• 
• 
• 
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• 
• 


• 
• 
• 
• 
• 
• s,p d
• 
• 
• 
• 
• 
• 
• 
• 
• s, p,d 
• 
• 
• 
• 
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 e 9.109 389 x 10-31 - 1.602 177 x 10-19 -1

 p 1.672 623 x 10-27 + 1.602 177 x 10-19 +1

 n 1.674 928 x 10-27 0 0
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 - 


• 


• 
• 
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x ms



 
           








 m, cm, nm Angstrom (1Ao = 10-10 m)

.


  
( υ -1sec-1


 υ 
SI mcm
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1

v


 




c v  c
v = 

λ


x8 ms-1


 


E hv 


c
E=h  or E=hc

λ
v 





h = 6.626 x 10-34Js=Hz
 E = hv  

E = 6.626 x 10-34 Js x 1.2 x 1010 s-1 = 7.95 x 10-24 J





-34 3 -1
19

-9

(6.626 x 10 Js) x (3.0x10 ms )
3.71 x 10

535 x 10 m

hc
E hv
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(VIBGYOR)
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-1 1
H H2 2

1 2

1 1 1
v =  = R [ - ]cm R =109677cm

λ n n


n
1
n

2
 n

1
)< n

2 
RH  

          n
1
 



n

2



 n

1
n

2


   
   
Paschen   
   
Pfund    



n

2


H 2 2
2

1 1
= R  [ - ]

2 n


RH = 109,677 cm-1

 n
2 2 2

1 1 5
= 3: v=109.677 [ - ] = 109.677 

2 3 36
 
 
 

1
 λ =  

v
 36

: λ =
109.677 x 5

-5= 6.56 x 10 cm

= 656 nm

a
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• 
• 
• 
• 





E ν 


h  E ν ; E=h ν  
h = 6.6256 x 10-34 Js = 6.6256 x 10-27 erg.s

   


 
     




 
















λ
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• 


• 



* 
* 


* 
* 


* E = n.h ;n=

b
          




           



(E) 
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E = h ;n=

3.9.b



• 




• 


• (h )


h  = W+K.Eh =

W=



53

K.E = 

hv = h o + 1/2 m
e
V2

m
e
=;v=

 o=







 



 



Ei

E = h  = Ef - Ei
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Ef
h 





3.me,
h/2 

e

nh
m vr = 

2π

n
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 =-e2/r2





2mv

r
m

r


2 2 2
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2

-e -mv e
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nh
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2 2
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2 2 2

nh n h
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2πmr 4π m r
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2 2 2 2 2

2 2 2 2 2 2

-e mn h n h
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r 4π m r 4 me
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n
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n (r
n
)  = 

2 2

2 2

n h

4π me


h = 6.256 x 10erg.sec

 π=3.14

m = 9.1 x 10-28
e = 4.802 x 10-10 e.s.u

nth rn
 =0.529 x 10-8 n2 cm   n  = 1r=

xcm = 0.529 A0
n


n






 21
=  mv

2

mv
 = -e2 / r


2 2 2 2

2 21 -e e e e
= K.E + P.E = mv - = - = mv  = 

2 r 2r r r
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2 2
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n h
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n = E
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2 2 2
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2 4

n 2 2

-K 2π me
E =  where K = 

n n

m,e,h 
12 -10

2 2 2

-21.72 x10 -21.7x10 -13.ο
E = erg =  J or  eV

n n nn



E n




 n 2

-K
E =

n

nn
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(n) = α 

n = 1


 


Ei Ef   i fh E -E  .   
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h h

λ =   or     λ = 
mv p

(p= mv)   
h





=
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=380 x 10-3 kg=0.38 kg

=
= (140 x 1000) / 3600 = 38.89


-34

-1

h 6.626x10 JS
λ =   =  

mv (0.380kg)(38.89ms

=4.48 x 10-35 m (J = kg m)2 s-2)
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h
 x p     

4π
   

 x  p 
 x = 0  


h (6.626 x

10)-34
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pp 


l= 2 dd
 d

l = 3 fff
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ml

mlml +1
l = 1;ml
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-1/2

 +1 +1/2

-1/2

3 -2 +1/2
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 2s s 



i
ii


s






n, l ml
   


 





n 
nl
      n + l




69

n + l sn + l =

4 + 0 = 4) 3d(n + l = 3 + 2 = 5).

n + l n 
n + l = 3 + 2 = 5p
(n + l = 4 + 1 = 5)

1s < 2s < 2p < 3s < 3d < 4P < 5s < 4d < 5p < 6s <
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l = 1, ml = 1ms = +1/2
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 (n + l) 


 (n + l)

(n + l) 
(n + l) n 

i) 2p: 2p (n + l)  = 2 + 1 = 3}

3p: 3p (n + l)  = 3 + 0 = 3} 
ii) 4s : 4s n + l   = 4 + 0 = 4 }

3d : 3d n + l   = 3 + z = 5}
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iii.
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n
s, p, d, f




an
n=1
n=2,

n=1s
     1s1   1s2   K 1s2

n=2s
1s22s2

(2s2) L2p
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2p6 
  n=       3s 
3s3p

  n=       4s 
    4p    3d  
3d 
4s23d1 (Z = 21) 
3d (Z=30) 4s23d10 4p

n=yttrium (Z

= 39) 4d5p

n=6s, 4f, 5d6p

4f(Z = 58) (Z=71)


 n=77s, 5f, 6d 7p 
          

(Z = 89)5f5f
4f5f



b

ns1
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s’, ‘p’, ‘d’‘f’



  


          


i) s-
ii) p-
iii) d-


iv) f-
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i) s-

• nsns
s

• 
• 1++
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ii) p-p-
s-

• ns2np1  ns2np6 
• ns2np6 




• 


• 
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• 



• 


iii)d-


• d
d

• ns1-10(n-1)3d1-10  ns0-2.


• 



• (n-1)d10ns2 Zn, Cd Hg,  


• s



iv) f-
Ce (Z = 58) - Lu (Z = 71) Th (Z = 90) - Lr (Z = 103)

•  (n-2)f1-14(n-1)d0–1ns2 .

• f
• f 


• 
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Mn Zn  
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IUPAC
      IUPAC  CNIC  

IUPAC

       


= = = =  =
= = = = = 

ium



()   

 Unnilquadium Unq  Rf

 Unnilpentium Unp  Db

 Unnilhexium Unh  Sg

 Unnilseptium Uns  Bh

 Unniloctium Uno  Hs

 Unnilennium Une 
 Ununnillium Uun

 Unununnium Uuu

 Ununbium Uub

 Ununtrium Uul

 Ununquadiu Uuq

 mUnunpentium Uup
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= 1/2 d 
AA

 = r
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a 














1A0 1A0=cm= 10-10 m = 0.1 m

1 nm = 10-9 m

 Na = 3.72 A0

Na = 3.72/2 = 1.86 A0


• 


• 


• A0

= A0
• 
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Covalent 
• 
• 
•  1.98A

1.98/2 = 0.99A0 


 = AC = A1C = r = 1.8A0

 = AB = r = 0.99 A0

 = AA1  = 3.6A0

 = AA1 1/2 = 3.6/2 = 1.80 A0
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M (g)   M+ (g) + e- 
M (g) + e-    M- (g) 



 

          





Na+, Na Cl-, Cl

• 
Li+= 0.76 A0, Na+  = 1.02 A0, K+ = 1.38 A0, 


• 
Na+ = 1.02 A0, Mg2+ = 0.72 A0, Al3+ = 0.535 A0  


• 
O2- = 1.40 A0, F- = 1.33 A0 



IUPAC
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Na+Al3+,O2-,F-










kgmol-1

M(g) + IE    M+(g) + e-


  

           


kgmol-1
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a) 
b) 
c) 
d) s, p, d f )

i) 


ii) 
 

Mg+, Mg Mg+ 


iii) s, p, d f 
ps
ps
df
df
s > p > d > f  
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i. Li, Na, K, Rb, 


ii. He, Ne, Ar, Kr, Ze Rn



iii. B
BeAl
Mg O
N

• BeMg
s-

• N ON
p-

• 
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s > p > d > f




 Li   Be  C N F
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p-

s > p > d > f.






        





(E) 



X 
(g)

  +  e-  X- 
(g)

X 
Cl (g) + e-      Cl- (g);  ΔE = -349 kJ mol-1


 


E
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F
kJmol-1
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2
)  F


 

      


HFHCl
FCl
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. Cs+,F-

H
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, Cl

2
 N

2





         




 


 

i) 
3
Li, 

11
Na ii) 

7
N, 

15
P iii) 

19
K, 

12
Mg iv) 

13
Al, 

14
Si

v)  
17

Cl, 
18

Ar vi) 
18

Ar  19k vii) 
13

Al 6C



Li Be B C N O F

      
Na Mg AI Si P S CI

      
K Ca Se Ge As Se Br

      
Cs Ba
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BeB MgA1 
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3s1
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Li, Be
         




s-
p-


 
 
(2s  2p 
3s, 3p, 3d
 [BF

4
]  
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 [AlF

6
]-3    p  

pπ – pπ  
C = C, C   C, N = N, N   Ν)C = O, C = N, C 
N, N = O) π.





 

  Note
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2
O
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2
O
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2
O

3
  CO, NO, N

2
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3d
f
s p-



         
  





• 
• 


• 
• 
• 
• 
• s, p, d f  s, p,

d f 
• 


• 


• 
• 
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i) 
ii) 
iii) 
iv) p-
v)  S 
vi) 
vii) 7s, 7p, 6d 5f




 
 


FCl







   

Sn, Pb, C Si, Ge

Sb, Bi N,P AS

Te, PO O,S Se

 
 i) ii) iii) iv) v)Np, Lw, No, Rf, Hs.



106


 s > p > d > f

 


 



 Al3+, Na+, F-, O2-


i) s>p>d>f

ii) 


iii) 

 
 i)


Li ii)


N iii)

12
Mg iv)

 14
Si v)

18
Ar vi)

18
Ar vii)

6
C

 Be1s2 2s2 B1s2 2s2 2p1. Be 
s B p

Be BMgAl 
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• (VSEPRT)
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• 
• s, p d 
• Sp, Sp2, Sp3, dSp2 dSp3
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4
,
 
C

2
H

4
,
 
C

2
H

2 
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2
, N

2
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2
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Na  CI  Cl

2
, F

2
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• 


• 


• 
ns2np6 
octet)

• 



    

 
(Na+)


+ -Na Na  + e H = 493.8 kJ mol-1
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  (H

Cl- 


Cl + e-              Cl-   H = 397.5 k J mol-1

2,8,7              2,8,8




 Na +  Cl  Na + Cl-

 2,8,1 2,8,7  2,8        2,8,8








           
IP 519.82 kJ. mol-1 
495.57 kj. mol-1 k+ , Na+ 
          




Na+ > Mg+2 >Al+3
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Ca+2 (2,8,8) Zn+2 (2,8,18) Ca+2 



Cl- > O2-  > N3-

 



ON

Cl + e-                 Cl-  > O2-  > N3-


 EN
NaCl


a) 
Na (s) Na (g) ΔH = 108.7 kJ mol-1

b)
Na (s)  Na+(g) + e- ; ΔH = 493.8 kJ mol-1

c)
   Cl(g) ; ΔH = -120.9 kJ mol-1

d)
Cl(g) + e-   Cl-(g) ;  ΔH = -379.5 kJ mol-1

e)NaCl
Na+(g) + Cl-(g)  Na+ Cl-(s) ; ΔH = -754.8 kJ mol-1


U
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Nas+   Cl (g) Na+ Cl(s) ;      H = -4109. kJ mol-1


ΔH = (180.7 + 493.8 + 120.9 - 379.5 - 754.8) = -410.9 kJ mol-1

NaCl
          



 


i). 
ii). 
iii). 


• 


• 


• 


• 



SO

2
, O

2
 O

2
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- ++Na+Cl-  AgCl + Na+ NO
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y
p

y 
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x
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[
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sp
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 2s 2p 
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sp3sp3-

 sp3 
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P-Cl 
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C-C σ
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p sp - sp sp - sp
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MOσ2s2, σ*2s2, π2p
x
2, π2p

y
2, σ2s

z
2,

    [6] = 3     

MO
MOe diamagnetic MO
paramagneticO

2
 MO

σ2s2, σ*2s2, π2s
z
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y
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y
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x
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y
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1 1
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2 2
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2
  = 1 1

 [4-4] =  [0] = 0
2 2
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2
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 V α 1 / p  1 1 2 2p V  = p V Tn 
V

p,1/V
 pV   x- 
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298K 1 atm 25 mL 
atm 


V = 25 mL p
1
 = 1 atm

V
2
 =? p

2
 = 1.25 atm

p
1
 V

1
 = p

2
 V

2

p
1 
vp

2


2

(1 atm) (25mL)
v  =  = 20 mL

(1.25 atm)

1.25 atm (298 K20 ml




= V
1

= p
1

V
2
 = V

1
/5

= p
2
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1
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 = p

2
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1 1 1 1
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T 

0
1 0 0 0

v t 273+t
v = v  + Xt = v 1+ = v

273 273 273
   
   
   

 0t = -273 C 

1 0

273 273
v  = v  0

273

   
 


(-273 °C) 
K




-273°C 


t /°C + 273 = T/K

 T=
t =

15°C K





p α T

P= kT

1000°C

0°C 



V
1
 = 2  T

1
 = 1000 + 273 = 1273 K

V
2   

= ? T
2
 = 0 + 273 = 273 K
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/T

1
= V

2
 / T

2
V

2
= (V)

1
/ T2


V

2
 = (V)

1
 T

1
) x T

2
 = (2L / 1273 K) x 273 = 0.4291 L

1
2 2

1

v
v  =  x T

T

 
 
 

 


 

 


v  N 
VN


 N α n

n   V α n

 V/n = 
 V

1
/n

1
 = V

2
/n

2

273K
6.022 x 10 
(N

A
) 

(22.4 (273 K1 atm 
(6.022 x 10).23) 

298 K/1 atm 5.0L 
1.80  

 V

1
n

1
 = V

2
n

2
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2 2

1

V n (5.0L)(1.8mol)
=

n (0.965mol)

2V  = 9.33 L



 O = 16-1 = 0.5 

N 

= 14-1 = 0.5 





 


 0.20 atm mL10mL 

(ATM)














V α  1/p 
V α T 
V α  n 
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V α  nT/P  pV α  nT  pV = x nT


RpV = RT

 n   pV = n RT     



pV/T = 1 1 1 2 2 2p v /T  = p v /T

p
1
 V

1
T

1
 p

2
, v

2
T

2


R
STP  T = 273.15 K, p = 1 atm (n = 1), V = 22.414 L.

R = pV/nT = (1 atm) (22.414L) / (1) (273.15K)

= 0.082057 L atm -1 K-1

R pV = nRT 



R = 0.082057 L atm K-1 mol-1     0.0821 L atm K-1 mol-1) 


R = 8.314 x 107 erg K-1 mol-1

R = 8.314 J K-1 mol-1

R = 1.987K-1 mol-1

273 K 224 L
R = 0.0821 L atm mol-1 K-1.

pV = nRT 
n = 10 mol

R = 0.0821 atm L K-1 mol-1 V = 224 L
T = 273 K p =?

p = nRT/V = (10 x 0.0821 atm L mol-

1 K-1 x273 K) / 224L = 0.99998 atm = 1 atm.
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0.027 atm
atm


P = P
A
+P

B
+P

C
 + ........

P
A
P

B
P

C
........ A, B, C 


X

A
X

B




A B
A B

n n
X   =   and X  = 

n n

n
A
n

B
A Bn = n

A
 + n

B
.


P

A
 = n

A
 RT/V, P

B
 = n

B
 RT/V, p = n RT/V, 

P
A
 = X

A
 p P

B
 = X

B
p

    (Composition)    


        
1 atm 



-1
N2 N2n  (P ) = 76.8 g / 28 g mol  = 2.74 mol
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-1
o2 o2n  (P ) = 23.2 g / 32 g mol  = 0.725 mol



N2 o2

2.74 0.725
X  =  = 0.791;  X  =  = 0.209

2.74 0.725 2.74 0.725 



N2P  =  0.791x 1 atm = 0.791 atm

o2P  =  0.209 x 1 atm = 0.209 atm


 


           








 


At
A


Bt
B
,

A B B A A Bt /t = (rate)  / (rate) = P /P

 ρ
A
ρ

B
AB


 A B B A A B A Bt / t = (rate)  / (rate)  = ρ  / ρ  = M /M

M
A
M

B
AB
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 CO

2
O

3 
 0.29, 0.271 O

3 


CO
2



 0C





  


 
 


 


 
 


  
 




21
pV = mNC

3

 p  Vm
N C
RMS.
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RMS (Root Mean square velocity)

RMS 

RMS = 
2 2 2

(C +C +....C )/N
1 2 N

C
1
, C

2
..... C

N
  




PV = 1/3 mnc2

a)PV = 1/3 mnc2 P 


PV= 2/3 (1/2 mnc)2) ‘m’mnc2.


1/2 mnc2  = KT

K 
PV = 2/3 KT .......... (1)

(T) = PV = 


b)(1) PV = 2/3 KT........... (1)


V =2KT ......... (2)

3 P

(P) V =x T v T (p n 
c)


Pv = 1/3 m
1
N

1
c

1
2 

Pv = 1/3 m
 2
N

2
c

2
2 

 1/3 m
1
N

1
c2  = 1/3 m

2
N

2
c2 ............ (3)

Pv 
T
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2 2
1 1 2 2

1
i.e.  m c =m c

2
 





2 2
1 1 1 2 2 2

1 2
2 2

1 1 2 2

1 1
m n c m n

3 3=  (or) n =n
1 1

m c m c
2 2

c

 

d)V
‘n

1
‘m

1'
‘c1 RMS



2
1 1 1

1

1
m n c

3p  = 
V



2
2 2 2

2

1
m n c

3p  = 
V

 p
2


m
2
, 

N
2 


C
2 
 RMS 

‘P’


2 2

1 1 1 2 2 21/3 m n c 1/3 m n cpv  

2 2
1 1 1 2 2 2

1 1
m n c m n c

3 3p =  
V V

  or P + P
1
 + P

2
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dN/N dN
N
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mp

2RT
U  =

M

RMS

rms av mpU  = : U :U :: 3: 8 / : 2 



rms av mpU  U >U

 u
MP

 




           
 
pV/nRT 

observed

ideal

Vp
=  = Z

nRT V

V
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nb
(V-nb). 
            


2

ideal real 2

an
p =P +

V
2 2an /v

Pan2/V2 


2

2

an
p + (V-nb) = nRT

V

 
 
 




Vs 




164








CO

2


           
321K
294K
 atm





294KK
 
  CO

2
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 K atm
H

2
O  

SO
2

 
NH

3
 

HCL  
CO

2
 

O
2

 
N

2
 

H
2
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Catm RMS 





• 
• 
• 




• 
• 


• 


• 


 

a) pVTn
b)1/T pTn
c)TV.p 

 STP



167

 atm

i) 1atm ii)atm. 

 


 STP)

 
 35°C  CO

2
 

 ATM  K

K


 STP°C2 ATM 


 






p
1
V

1
= p

2
V

2

(0.20 atm) (500 mL) = p2 (10 mL) )

p2 = (0.20 atm ) (500 ?mL) / 10mL

p2 = 10 atm.


O

2


-1

2.00g 1.75g
=

32gmol Molecularweightofunknowngas



 
11.75 32

28
2.00

x
gmol 
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 2

3

1/2

CO3

2 O

MrO
=

rCO M

 
  
 

3

1/2

O

0.271 44
=

0.290 M

 
  
 



3

2

2
O

(0.271) 44
 = 

(0.290) M

3O

44x0.29x0.29
M  = 50.4

0.271x0.271


O3 = 


pV=nRT

p   x 1.0 = (5.0 mol) (0.0821 L atm K-1 mol-1) 320K

-1 -1(5.0 mol) (0.0821 L atm K  mol ) 320K
p = 

1.0 L
p = 131.3 atm



B

3. 
3RT

Umrs = 
M

= 
-1 2 2 -1 -1

-1 -1

3.(8.314JK )(293K) (8.314Kgm s- K mol )(293K)

(0.048mol ) 0.048kgmol )


= 390.3 ms-1
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• 


• 
• 


• 
• (Surface tension) 
• 
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 H
2
O        




Van der Walls J.  





kJ. mol-1). 





NaCl

Na+Cl-


‘z’,‘μ’ E = zμ/r2 
‘r’            
NaCl
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3-4 kJ 



1/r
1/rr 





1/r2
‘r’ 
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Vs


   




(C)

()()()
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7.1C 
7.1)





7.1)
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 i) 

ii) 
iii) 





 




 



 





 



i) 
ii) 
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20°C 
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torr100 °C torr 97.7 °C 

1 atm  torr
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Column I Column II

1.   
  


  




i)


ii)


A, BC0 0C0C 0C







           







γ    SI  (N m-1)  CGS    
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1 Nm-1 = 103 









(JmNm-1 (1J = 1Nm 







i) 
ii) 
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i)

          
 
        

ii)
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iii)







i) 
ii) 
iii) 
iv) 
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iv)
           






    (a)             (b)


 


 

    









184






 

f 

i) A
ii) dx
iii)du


du

f =  ηA 
dx

n  du/dx  


A = 1 du=

dx = cm,f = η

     cm2   cm s    cm



f 

(dx du


CGSP
SI N m-2s Pas.

Pas= 10 P

Poise (p)(1 cP = 10)-2

P) (1 mP = 10)-3 P)(1 mP = 10)-6 P) 
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i) 
ii) 
iii) 
iv)




v) YX YX


i) 


ii)





• 

 


• 


• 
• 
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• 


• 




 

i) ii) iii) iv)
 
 i) ii)
 
 
 CGSSI
 
 
 
 
 
 ABC1C2 C1 > C2,  


 A


 
 
 
 CGSSI
 i) (ii) (iii)
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7.1

 (i) (ii) (iii) 
 (i) (ii)
  >  > 

7.2

 (i) (ii) (iii)  (iv) (v)
 (i)N m-1; (ii)1. Nm-2s
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• 
• 
• 
• 
• 
• 
• 
• 
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• 


• 
• 
• 
• 
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krustallos krustallos











 
  (anisotropic) 
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• 
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• 


• 




















(m.p = 1077 K)


m.pK
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(a)(b)



(b)
  
         

 









 

    

XY 
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  A

 B 








X Y 
 
 




XY







(a) (b)
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(a)

(b)

(a) (b)














B    
AB ABAB AB 
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C
ABC ABCABC

ABCABAB
(hcp)ABC ABC....

(ccp) 

ABC ccp
fcc 

(HCP).



  




HCP ccp
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Na+ Cl-
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* P = I =F =C =





(a, b b(α, β γ) 




(F) 
(I) 
(C)




XX

    X      
 
(10).-10 m) 
X

X
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X
   



X


λ,X


X



       X   



DFH, EF + FG AB 
CHEF + FG = nλ. ‘n’
CH 

EF + FG = nλ

n 


BE  DF   BEF  90° 
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180°BEF
(EBF EFB)90°
 EBF +  EFB = 90°

XFB XFEEFB90°θ


EBF + (90° - θ) = 90°

EBF θ
SinθEF/BFBFd


Sin θ = EF/d  EF = d Sin θ


FG = dSinθ

EF + FG = 2d Sin θ  nλ = 2d Sin θ


Sin θ =nλ/2d 

d
n = 1, 2,

3 
   



2.29 A0 




nλ = 2d Sin θ Bragg’s relation d = nλ/2Sin

= (1 x 2.29 x 10)-8 cm) / 2 x 0.456  Sin  27°8' = 0.456 
= 2.51 x 10-8 cm = 2.51 A0
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   (a) (b) (c)















= 8

= 8

= 8 x 1/8 = 1.
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= 8.

= 8.

= 8 x 1/8 = 1

= 1.

= 1. 
= 1 + 1 = 2
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= 8.

== 8 x 1/8 = 1

= 1.

= 2.

= 6 x 1/2 = 3
= 1 + 3 = 4.

             



 
  
 

 




        r+   
r-
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(r + / r-) 
  Structure adopted

0.225- 0.414 4 
0.414-0732 6 
0.732-0.91 8 
> =1.00 12 
MX, MX2 MX3

MXMX
MX2

MX
MX




CsC1 =

0.93BCC
Cs+
Cl-
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NaCl (Cl)-)  (Na)+     

(Cl)-) CCP FCP







      =      
CCP
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Ca2+FCC




F 


Na

2
O


Na

2
O CCP 



Na
2
O

Na+ 
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• 
• 





NaClCsCl. 




          


ZnSAgBr
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FCC 









i) 


ii) 
iii) 



211

iv) 



a
           




i) 
ii) 
iii) 
iv) 
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Na







• 





• 


• 
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• 
• 
• 

HCPCCPABAB 
HCPABCABC CCP 


• 


• 
• 
• 


• 




• BCC FCC 


• 
(r+/r-)

• 
CCP 

• 


• 


• 
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a)
b)
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• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
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• 


• 
• 
• 
• 






           


          


+













M

n
M = 

v

nV
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 2.0 M   H
2
SO

4 


H
2
SO

4 
 




m    2.0m  H

2
SO

4 
      

2.0 mol H
2
SO

4 
 

 B

A

1000n
m  = 

W

n
B
 W

A



(CH

3
OH) 200 ml 


CH

3
OH = 12 + 1 x 3 + 16 + 1 = 32 

CH
3
OH   -1

32
=  = mol

32g mol

= 200 mL = 0.2 

 =
1

=  = 5 M
0.2

   

of  H

2
SO

4 


H
2
SO

4  
= 1.20 x 1000 = 1200g

gH
2
SO

4  
H

2
SO

4 


g H
2
S

4 
H

2
SO

4 
 50

 =  x 1200 = 600g
100

==
H

2
SO

4  
= 
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H
2
SO

4 
=

=

600 1
=  x  x 1000 = 6.8 m

98 600

  





        


=

=

=

 =



N 

 =




x 1000
















1

600g
= 

98gmol

         H
2
SO

4 
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=

=

0.5 N KMnO
4
    “0.5     0.5  

KMnO
4



 

BA


X
A

A

A B

n

n + n

n
A
n

B
AB


5% KMnO

4
  KMnO

4
 100gKMnO

4
 


C

2
H

5
OH

 
= 18 

 -1

36 g
=   = 2.0 mol

18 g mol

C
2
H

5
OH  -1

46 g
=   = 1.0 mol

46 g mol

= 2.0 +1.0 =30

= 2.0
=   = 0.67

3.0













X


1
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C
2
H

5
OH =

1.0
=   = 0.33

3.0

       NaOH  NaOH  

100 mL NaOH= 0.4

NaOH  0.4
=  x1000 = 4.0g

100

NaOH = 23 + 16 + 1 = 40amu

NaOH =

  =

Hence the normality of the solution =
1

 =   N or 0.1 N
10







i) ii) iii)








40
=  x 40

1




g/Lit 


40 1
 =  =  N

100 10
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(a) 


i) 




ii) 


iii) 


(b) 

CO

2
NH


 




i) 
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x = Kp

Kpx


I) 

i
ii) 
iii) 


II) 

CO

C

C 
 


III) CO
2
 HCl

NH
3 
H

2
, O

2
 N

2
, 

(c) 
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AB



     


AB

ABX

A 
X

B
P

A

P
B
AB

P
A
  X

A
     P

A
 = PO

A
   X

A

 P
B
 = PO

B
   X

B

PO
A
PO

B
AB

P
A
P

B
X

A
X

B


 P
P

A
P

B

 P = P
A
 + P

B

 P = PO
A
 X

A
 + PO

B
 X

B

(P) PO
A 
PO

B 


 


PO
A
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(A) 


p

P
A
= PO

A
 X

A


 X
A
 + X

B
  = 1

X
A
 = 1 - X

B

X 
P

A
 = PO

A
 (1- X)

B
)

A
BO

A

P
=   = 1- X

P
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  A A
BO

A

P P
 =  X

P



(PO
A
 - P

A
) 

O
A A

O
A

P P
 

P













          








i) A-B A-A

B-B
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ii) A-B  

A-AB-B




HCl
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O
A A

BO
A

P P
 = X

P


(i)

 B
B B

A B

n
X  =  = X

n +n

 B An  << n n
B


B

B B B A
B

AA A B

A

W

n M W M
X  =  =  = 

Wn W W
M

(i)
O

A A B A
BO

A A B

P -P W M
 = X  =  

P W W

B
         






O
A A B A

BO
A A B

P -P W M
 = X  =  

P W W



B
n

7.0 x 18 7.2 x 18
0.00715 =  or M  =  

M  x 100 0.00715 x 100

= 181.26 amu
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ΔT

b
Δp

ΔT
b 
Δp

Δ T
B
 X

B
   ΔT

b
    = k x

B

 K

 B
B

A B

n
X  = 

n  + n  B An n

B B B A A
B B

BA B A A

A

A

n W W M M
X  =  = = X = n  X 

Mn  M W W
W

M

X
B
(i) 

A
b B

A

M
ΔT  = K x n  x 

W

 B

A

n

W m

ΔT
b
 = Κ Μ

Α
m = K

B
 m

K
b
K

b
 

K
b
K kg

mol-1
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ΔT

f
 

 ΔT
f
  ΔX

B

ΔT
f
   = KX

B
(ii)

K

B
B

A B

n
X  =  

N  + n 

 B An N 
nB

B B B B A A
B B

A A A B A A

n W /M W M M
X  =   =  =  x  = n  x 

N  W /M M W W

 B
B

B

W
n  = 

M

X
B
(ii) 

B

M
Δ Tf  K x n  x    

W

W
A 
 B

A

n  

W (m)
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 Δ ZT
f
 = K M

A
. MA = K

f
 . m

(K)
f
)

K
f




(C
6
H

12
O

6
) 80.2 

(i) (ii) (K
f
 = 1.86 K/m, K

b
 = 0.52

k/m).



0.52 1000
=   = 0.036

180 80.2


ΔTb = K
b
m = 0.52  0.036 = 0.018 K

 = 373 + 0.018 = 373.018 = 373.02 K

(ii) Kf = 1.86 K/m

m
0.52 1000

=   = 0.036
180 80.2



ΔTf = 1.86 x 0.036 = 0.66 K

  = 273 - 0.66 = 272.34 K




 
   








 

= 





x
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T
(π)         

 π = CRT

πR

 Bn
π = RT

V

n
B
V


solute

W
πV= RT

M

VwM
solute

 
π, v w
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300 K     
2.60 x 10atm 
R = 0.082 L atm K-1 mol-1. 


solute

W
πV= RT

M

 solute

W
M = RT

πV




-1 -1

solute -3

(0.63g) x (0.082L-atm K mol ) x (300 K)
M = 

(2.60x10  atm) x (0.100 L)

= 61022 g mol-1









a


i.  P(A).
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ii. P
O
(B).

iiiCaCl

‘U’ 




(P) 



(P)

O
) (P)


(P

O
-P) 

‘U’‘U’
U)


AxP

ByPoP

= U(C) z 
 x + y = P + ( P

O
 - P) = PO

P
O
 - P = y

P
O
 = (x + y) = z

O S
S 

O O

p -p n4
 = = X =

p x+4 n


O S
S 

O O

p -p ny
 = = X =

p x+y n


y a
 =  X 

x+y M b

w
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y
M = 

b x+y

aW


a =b = 
M = 
W =  

9.7.4 .b:

 (l) 


 T 
Hg

0C0C
Hg
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(b) W
(T)

O
  (‘a’ g)m


(T)

 = ‘b’ g

 = ‘a’ g

 = T
O

 = T

= T – T
o
  =  T

b

a 1000
ΔT = K =  x 

m b

K
b
 = 

5.141 x 10  Kg CHCl
3
0.325K 

(K
b
 = 3.9 K.mol

?T = 0.325 K

 mol

A=0.5141 g; b=3.5 g

b

b

K  x a x 1000
M = 

ΔT  x b


-4

-3

3.9 x 5.141 x 10  x 1000
M = 

0.325 x 3.5 x 10

= 0.1763 kg or 176.3 g

c
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 T

f
 

a,b &  T
f
 M (K)

f
 = 40 K.kg mol

 b.gr

a.gr

 m.gr

f f

a 1000
ΔT  = K  x  x 

m b

f

f

K  x a x 1000
M = 

ΔT  x b

d
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(C)(T) 

n
π = CRT (C = )

v

R =

Ccm



n
π =  RT

v
1 -1R=082/.atm K  mol

0.1
π  =   x  0.0082 x 300

0.1
3V = 100 cm  = 0.1l

0π  =  24.63 am V = 27 C = 300 K
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(i)(ii)



(i) 


(ii) 







(iii) 
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(i)

  i  = 





i = 





i =







 iNaCli NaCl

Na+Cl- 
i 



Tb  = i K b m

Tf  = i Kf m

 V =  i CRTT







2C
6
H

5
COOH    (C

6
H

5
COOH)

2
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x
x

= 1 - x


2

x


= 1 -


i  = 


(CH

3
COOH) (C

6
H

6
) (C)

 273.35 K

K
b
 for

C
6
H

6
 = 2.57 K kg mol-1



i b B
b b

A B

1000  K W
ΔT = i K m = 

W M

CH
3
COOH(M)

B
) =  60 

i)  b A B

b B

ΔT  x W x W
=

1000 x K  x W

0.35 x 100 x 60
=

1000 x 2.57 x 1.60
= 0.51




3 3 22CH COOH  (CH COOH)

 x          
1 -x x/2  

=
x

1-x + 
2

x
= 1-

2

i
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x

 1- 0.51
2

   x
1 0.51 0.49

2
  

x = 0.49 x 2 = 0.98






KClKCl
K+Cl-

KCl   K+ + Cl-

x  KCl KCl
= 1 - x.

KClx  KCl 
K+xCl-
= 1 - x + x + x = 1 + x

i  =  1 + x
=  

1



 K 
H

2
O K

f

= 1.86 K kg mol-1
KCl  = 39 + 35.5 = 74.5

 i  = 


-1

-1

74.5 g mol
=  = 1.92

38.75 g mol

Normal molcular weight
van t Hoff factore (i) =

Observed molecular weight
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-1

-1

74.5 g mol
=  = 1.92

38.75 g mol


KCl   K+  + Cl

x  KCl


KCl  = (1- x)
K+  =  x mol

Cl   =  x mol

 = 1 - x + x + x    = 1 + x.  
1+x

VantFactor =  = 1.92
1




x  = 1.92 - 1 = 0.92

  KCl =


• 
• 
• 
• 
• 
• 
• 


• 
• 


• 
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• 


• 


• 


• 


• 


• 


• 





 
 
  T

b
 = K

b
 m 

 K 


 K

K

 


  = 60/ dm
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 C

6
H

5
COOHK 

4.9 K kg
C

6
H

5
COOH 


 È\ ç< ‘e D+ý Ë 5.0  xM Na


SO

4
 0C. 


(H


O   k

f
= 1.86 K kg mol-1
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9.1

 


 


9.2

 


 



9.3

 


 A-B 
i)  A-AB-B 
ii) A-AB-B

 



246










  






• 
• 
• 
• 
• 
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S. No.    
    nm 

nm nmnm 
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 nm
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  S. No.    
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Au, Ag
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nm


          S 

 C 
         
(RCOONA) 
RCoo- , Na+RCoo-
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RCOO- 








iii
i
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FeCl


Fe(OH)


FeCl


Fe+3 Fe(OH)

3


Fe(OH)


+ve

 HNO

3


H
2
S

Br
2 
+ H

2
S  S + 2HBr

2HNO
3 
+ H

2
S  2H

2
O + 2NO

2 
+ S

Fe(OH)
3
 As

2
S

3
 


 



iii
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(Fi.g.10.5).
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i




iiAl3+

3+
iii









258



i

ii
FeCl

3
 


iii
 
iv












259
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• 
• 
• 


• 


• 


• 
• 


• 


 
 

 
 
 
 
 A BNaCl

A
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B
 

i)  ii) 
 
 



10.1

  
 
 

 Sol 
Gel 
 
 

  
 

 
 i) 1 nm  inm

ii ii
 

10.2

 
 As

2
S

3
, Fe(OH)

3
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(C

6
H

12
O

6
) 

           
 





• 
• 
• 
• 
• 
• 


• 


• 
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• 
• 
• 
• 







A B A

B
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I, IIIII
P


P


T


T
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i          

ii














i K atm






ii 





iii
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iv
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i 




ii


iii






i 


ii


iii


         









i) 
      (g), (l),  (s)  
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4 2 2 2CH (g) + 2O (g) CO (g) + 2H O + heat

H

H




4 2 2 2CH (g) + 2O (g)  CO (g) + 2H O (l) ; H = -89 kJ 



2 2H (g) + I (g)  2HI (g);  H = 52.2 kJ 

ii


iiiaqNaCl (aq)


iv


H


vH
H 


2 2 2H (g) + 1/2 O (g)  H O (g);  H = -242 kJ 



2 2 22H (g) + O (g)  2H O (g);  H = 2 (-242) = -484 kJ 
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U = q + w 
U =q =w=


U






U

1

U
2
U



U = U
2
 - U

1


i
ii

qw
qw





qw
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kJkJ
q = + 50 kJ

w = - 30 kJ

U=   (+ 50kJ) + (-30 kJ) = + 20 kJ

kJ 
kJ


pV

1 
V

2 



w = -p (V

2
) - V

1
) = -pV 


w  

U  = q - pV 
V = 0 

U = q
V


q

V
V






(H)


H 

H = U + p V 
H

H = U +  (pV)        (11.6) H = U + p  V + VV + V  p
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 p=

H = U + p V 

U 

U = q - p   V + p   VV

= qq q 



H = qp 
     


HU
   H   U     


V

A
 V

B
 

n
A
n

B



p VA = n

A
 RT (11.9)

p VB = n
B
 RT (11.10)


p VB = pVA = nB RT - nB RT = (nA - nB ) RT

p (VB - VA ) = p   V =  ng RTT



H =   U + p c

 H =   U +  ng RTT

 ng =
H   U 

     V    p   V     
H U 
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H
2
(g) + Cl

2
 (g)   2HCl (g) + 185 kJ. 





K

1/2 N
2
 (g) + 3/2 H

2
 (g)   NH

2
 (g) ; H = - 46 kJ

Ng 


K U?










H 

H H

 rH = H  H 
H H  H 



H
2
(g) + I2(g)      2HI (g) ;   r H = 52.5 kJ

H H H 
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CH
4
(g) + 2O

2
(g)    CO

2
 (g) + 2H

2
O(l) ;  r H = - 890.4 kJ




 
 r H0

 f H0


 f H0



 f H


C(Graphite) +  O
2
(g)    CO

2
 (g) ;  f H0 = - 393.5 kJ


C O

2
CO

2


  Comb H0



C

2
H

5
OH (l) + 3O

2
(g)    2CO

2
 (g) + 3H

2
O (l) ; Comb  H0 = -1365.6 kJ

C
2
H

5
OH (l)-1365.6 kJ -1


(H + )OH-
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H+ (aq) + OH- (aq)     H

2
O (l) ;  neut H0 = -57 kJ/mol

kJ
          






• 
• 

Lavoisier - Laplace Law rH


N

2
 (g) + O

2
 (g)    2NO (g) ;  r H = 180.5 kJ

2NO (g)    N2 (g) + O
2
 (g) ;  r H = 180.5 kJ



 kJ


C+O
2
 (g)   CO

2
 (g)




C+ 1/2 O
2
 (g)   CO (g)


CO
CO

2
 



H 
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 rH0 
C  + O

2
 (g) co  CO

2
 (g) ;  rH

1
0 = -393.5 kJ/mol.

 rH
2
0


C + 1/2 O

2
 (g) CO (g) ;  rH

2
0 = ?

 rH
3

0
CO (g) + 1/2 O

2
 (g) co   2 (g) ;  rH

3
0 = -283.0 kJ


+CO




 r H
1
0 =  r  H

2
0  +   r H

3
0

 r H
2
0 =  r  H

1
0 +   r H

3
0












 r H0
 C + O

2
 (g)   co

2
 (g) ;  r H

1
0 = -393.5 kJ/mol

[CO + 1/2 O
2
 (g)   co

2
 (g)] ;   r H

3
0 = -283.0 kJ

C+ 1/2 O
2
 (g)   CO (g) ;  r H

2
0 = [(-393.5) - (-283.0)]

           = -110.5 kJ/mol
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C
6
H

12
O

6
 (l) + 6O

2
 (g)   6CO

2
 (g) + 6H

2
O(l ); Comb H = -2840 kJ/mol

1.08


6CO
2 
(g)  +  6HO

2
 (l)    C

6
H

12
O

6
 (l)  +  6CO

2
 (g);   H = 2840 kJ






2840 kJ

 x 1.08 g = 17.04 KJ
180 g


C + O

2
 (g)   CO

2
 (g) ;  f H0 = -394 kJ/mol-1

H
2 
(g) + 1/2 O

2
 (g)   H

2
O (g) ;  f H0 = -286 kJ mol-1

C
2
H

6
 (g) + 7/2 O

2
 (g)   2CO

2
 (g) + 3H

2
O (l);  r H0 = -1560 kJ 


C + O

2
 (g)   CO

2
 (g) ;  r H10   = -394 kJ/mol (1)

H
2 
(g) + 1/2 O

2
 (g)   H

2
O (1) ;  r H

2
0   = -286 kJ/mol (2)

C
2
H

6
 (g) + 7/2 O

2
  (g)   2CO

2
  (g) + 3H2O (l);  r H30   = -1560 kJ/mol   


C+ 3H

2
 (g)   C

2
H

6
 (g) ;  f H0 = ?




C + 3H
2
 (g) + 7/2 O

2
 (g)   2CO

2
(g) + 3H

2
O (l);  r H50 = -1656 kJ/mol (5)

  r H
5

0 = 2 r H
1
0  +  3 r H

2
0 = 2 x (-394) + 3 x (-286) = - 1656 kJ/mol)


C  + 3H

2
 (g)   C

2
H

6
 ;  

 f H0 = - 1656 - (-1560) = -96 kJ/mol

-96 kJ/mol






278



H+ OH (aq)kJ


C + O
2
 (g) co  2

 (g) ;  f H0 = -394 kJ/mol-1

. f H0 CO
2
g


C

4
H

10 
(g) + 3/2 O

2 
(g)   4CO

2
 (g) + 5H

2
O (l); CombH0 = -2658 kJ

 
2H

2
S(g) + SO

2
 (g)   3S (s) + 2H

2
O (l) 

 f H0 (H
2
S) = - 20.6 kJ

 f H0 (SO2)2) = - 296.9 kJ

 f H0 (H2)O) = - 289.9 kJ


 








H2 (g)    H (g)  +  H (g) ;  rH = 435 kJ/mol

 H
2
 

H
2
g





H

2
O(g) g


H

2
O (g)   H (g) + OH (g) ;  r H0 = 502 kJ/mol
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OH (g)    O (g) + H (g) ;  r H0 = 472 kJ/mol

H
2
OOHkJ/mol 

OHkJ/mol 
 O  H        

kJ/mol 






 (B.E)

( rH).

3H (g) + C (g) + Cl (g)    CH
3
Cl (g)

CHC - Cl

B.E

 rH = - 3 x B.E (C - H) - B.E. (C - Cl)

= (- 3 x 145 - 335) kJ

= (- 1245 - 335) kJ 

= - 1574 kJ

 

  r H

     
r
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 r H = B.E.B.E  


Bond BOND Enthalpy (kJ mol-1)

H - H 435

C - H 415

C - Br 284

C - C 356

C = C 598

Br - Br 193

Cl - Cl 242

C - Cl 339

F - F 155

H -Cl 431

H - O 462

H - N 390

H - F 563

H - Br 366

H - H 296

C - O 355

C - O 723

C - N 391

C - N 619

C - N 878

C - C 832




CH

(g) + Cl

2
 (g)    CH


Cl (g) + HCl (g)
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C - H = 4            C - Cl = 1

Cl - Cl = 1 H - Cl = 1

C - H = 3




 
B.E. (C - H) = 435 kJ B.E. (Cl - C) = 339 kJ

B.E. (C - Cl) = 242 kJ  B.E. (H - Cl) = 431 kJ

B.E. (C - H) = 435 kJ/mol-1


 r H =B.E. B.E.
= 4 (B.E. (C - H) + (B.E. (C - Cl) - [B.E. (C - Cl) + B.E. (H - Cl) + 3 B.E. (C - H)]

= [4 x 435 + 242] - [339 + 431 + 3 x 435] = - 93 kJ



i
ii
. rH0

Cl
2
 (g) + 2HF (g)   2HCl (g) + F2 (g) a)
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 r H0 (HCl) = - 92.5 kJ

 f H0 (HF) = - 269 kJ

(Bond enthalpy data)
B.E. (H - Cl) = 431 kJ 

B.E. (F - F) = 155 kJ

B.E. (H - F) = 563 kJ -1

B.E. (Cl - Cl) = 242 kJ


 r H = [2 f H0 (HCl) +  f H (F)

2
)] - [2 f H0 (HF) +  f H0 (Cl)

2
)]

f = [2 x (-92.5) + 0] - [2 x - (269)+ 0] kJ

 = - 185 kJ + 538 kJ

   = + 353 kJ



 r H0  =  B.E. B.E.
= [B.E. (Cl - Cl) + 2 B.E. (H - F)] - (2B.E. (H - Cl) + B.E. (F - F)]

= [242 + 2 (563)] kJ - [2 x 431 + 155] kJ

= 1368 kJ - 1017 kJ

 r H0  = 351 kJ

 rH0




C
S

lim
 T- 0 = O


 


pT
r O

C
S  = dT

T
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S p


(ST)
(C

P
) C

P
 C

P


C
 C

V


C
V



C

V
 = aT3;   a =

C CpC
V
Cp = C

V


SO, C
V





 


 
 


 

NH
3
N  H

3
 (g), 

1/2  N
2
 (g) + 3/2 H

2
  (g)   NH

3
 (g) ;   . r H0 = - 46 kJ 

1/2 H
2
 (g)   H

2
 (g) ;   f H0  = 218 kJ mol-1

1/2 N
2
 (g) + N

2
 (g) ;    r H0 = 973 kJ mol-1

 H
2
 (g) + Cl

2
 (g)   2HCl

 
(g)
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(H - H) = 435 kJ

(Cl - Cl) = 242 kJ mol-1

(H - Cl) = 431 kJ mol-1


• 
• 
• 
• 
• 
• 


• 


• 
• 


• 
• 
• 
• 
• (H) H = U + PV.

• H
• 
• 
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C

2
H

5
OH,kJ



C
2
H

2
 (g) + 5/2 O

2
 (g)   2CO

2
 (g) + H

2
O (l); Comb H = -1299 kJ mol-1

C () + O
2
 (g) co  2 

(g) ;  rH = -393 kJ mol-1

H
2
 (g) + 1/2 O

2
 (g)   H

2
O (g) ;  rH = -285.5 kJ

C
2
H

2
 


C

3
H

8 
(g) + 5O

2
 (g)   3CO

2
 (g) + 4H

2
O (l)


H

2
 (g) + 1/2 O

2
 (g)   H

2
O (l) ;  r H = -285.5 kJ 

C (s) + O
2
 (g) CO 2

 (g) ;  r H = - 393 kJ 

3C (g) + 4H
2
 (g) .  C

3
H

8
 (g) ; H = - 104 kJ mol-1

H
2 
O

2
 O

2



K kJH

2
O 

(a) H(b) U


2Na

2
O

2 
() + 2H

2
O (l)   4NaOH (s) + O

2
 (g)

NaOH (s), Na
2
O

2
H

2
O (l)kJ kJ

mol-1  kJ


2C+ 3H

2
 (g) + 1/2 O

2
   C

2
H

5
OH (g) kJ mol

H - H, O = O, C - C, C - H, C - OO - HkJ/

mol, 498 kJ/mol, 347 kJ/mol, 415 kJ/mol, 355 kJ/mol  462 kJ/mol.
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 (a)

2. (a)  r =  
1 3

1 -  -  = -1
2 2

    (b) U = H -  n RTT

= 46000 - (-1) (8.314 Jk mol-1) x (298 K)

=-1+ 2247.6 
= - 43.5 kJ

(a)


 (c)

kJ

  f H0 = 2  f H0 (H
2
O) O) - 2f H0 (H

2
S)S) -f H0 (SO

2
)

 =  - 241.7 kJ


  T T F F

  r H0 = B.E.B.E
(kJmol)-1= 3 x 218 ()-1), + 973 (kJ mol)-1) -B.E. NH

3
(g)

NH
3
(g) ) = 1673 kJ

B.E. (N - H) = 557.7 kJ

  r H0 = -185 kJ mol-1
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• 
• 

revq
Δs =

T

• Δs Universe
> O, Δs Universe 

=
• 
• G, HS
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• G
System

 = TT S
• 

G <  0

G = 0
G > 0

• 
• 


 




 


  



           
           
(III)

4Fe(s) + 3O
2
(g)     2FeO

5
(s)

III


• 
• 
• 
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IA
II        B        




     [  ]   
  
        



(U)(H)

 Δ U = Δ H = 0


S



(i) 
ii iii

 Δ S
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revq
Δs = 

T


Q
rev

 T .



          

(i)


iiC
            



()

Δs  = Δs  = Δs +Δs >O 

  





Δ S = 0 




K


at273
2 2H O(s) H O (l)

( Δ fus
H)
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( Δ fus
S)

fus
fus

Δ S
Δ S = 

T
 rer fus( q  at const p = Δ H)


at373K

2 2H O (l)  H O (g)

vap
vap

Δ H
Δ S = (Tistheboilingpoint)

T
T

K kJ mol-1


3-3K

2 2H O(l)  H O(g)

vap
vap

Δ H
Δ S = 

T

-1 -1
vapΔ H = 40.8KJ mol  = 40.8 x 103 J mol

T = 373 K

-13
-1

vap

40.8 x 10  J mol
Δ S = 109 JK

373K




KkJ






(i)A
(ii)A
iiiA
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a) 2SO
2
(g) + O

2
(g)   2SO

3
(g)

b) N
2
(g) + 3H

2
(g)   2NH

3
(g)

c) O
2
(g)  2O (g)








  
(Sm).K


(S)m0/JK-1 mol-1 K

     
C  H

2
O 69.9 H

2
130.7

C  Hg 76.0 O
2

205.1

Fe 27.3 C
2
H

5
OH 160.7 N

2
191.6

Pb 64.8 C
6
H

6
173.3 CO

2
213.7

Cu 33.1 CH
3
COOH 159.8 NO




Al 96.2 N
2
O

4
304.3

C
12

H
22

O
11

360.8 NH
3

192.3

CaCO
3

92.9  CH
4

186.2
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aA + bB +  pP+qQ + ......

 o o o o o
m m m m mΔ S =[pS (p)+qS (Q) + .....] - [aS (A) + bS  + (B) +...]

O O
r m mΔ S  = ΣS  O

m ΣS 

:K......r S
m

o
4Fe(s) + 3O

2
(g)   2F

2
O

3
(s)

4F(s) + 3O
2
(g)   2F

2
O

3
(s)

Fe(s)O
2
(g)Fe

2
O

3
(s)298 K 27.3,

205.0JK-1 mol-1

 4Fe(s)  + 3O
2
(g)   2F

2
O

3
(s)

 r So = S v
p
S

m
o -   v

R
S

m
o

 r So = 2Smo (Fe)
2
O

3
) - [4S

m
O (Fe) + 3S

m
o (O)

2
)]

           = [2 x 87.4 - (4 x 27.3 + 3 x 205.0)] J K-1 mol-1

          = - 549.4 J K-1 mol-1




 S
univ 

=  S  =  S  +  S  > 0 (12.4)  

        
 


 S  =  S +  S  
q

p


 system
suaround

ΔH-qp
ΔS  =  = 

T T


(q
p= Δ H EqEq

system
total system

ΔH
ΔS =  S  -  

T


 total system systemTΔS =  T S  -  ΔH
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total system system- TΔS =   -  TΔHH 

 G = H - TS 


Δ G = Δ  H - Δ TS 

Δ G = Δ H - TT Δ S - S Δ  TT

Δ T = 0,

 Δ G = Δ H     TT Δ S 
 H, TSG


Δ G = - T  Δ  S
S 
 Δ G. 


Δ G < O

Δ G  <  0

Δ G > 0

Δ G  =  0
Δ G = Δ H - T T Δ  S

(i) Δ H,iiΔ S

Δ H Δ SΔ G 
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Δ G = Δ H- T  Δ  S

S.No. H  S G 
 _ + _ 
 _ _ _ 

+ 
 + + + 

_ 
 + _ + 
2NO (g) + O

2
 (g)   2NO

2
 (g)

K( r H  r SkJ

 JK-1 mol-1



H = - 133.0 kJ

  S = - 145 J K-1 mol-1 = - 145 x 10-3 kJ K-1 mol-1

T = 700 K



G = H - T T   S

G = (-113.0 kJ mol-1) - (700 K) (-145 x 10-3 kJ K-1 mol-1)

 = (-113.0 kJ mol-1) + (101.5 kJ mol-1)

  = -11.5 kJ 


CCl

4
(l) + H

2
 (g)   HCl (g) + CHCl

3
(l) 298 K r H = 91.35

kJ  r S = 41.5 JK-1 mol-1 
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i) H > 0 = S > 0 ii) H > 0 = S < 0

iii) H < 0 =  S > 0 iv) H < 0 =  S < 0



(G)o)(K)


  ...Go


$ \ Te  . rGo
 




aA + bB +..........  pP  + qQ +........

0 0 0 0 o
r p r O A BG  = [p G  + q G ....]- [a G  + b G  +....]f f f    

0 0 0 o
r p A BG  = G  (products) - [a G  + b G  +....]f f f   

 (G)o)
(K) rGo = - RT ln K = - 2.303 RT log K



2

3
P(s) +  Cl (g)

2


Kx  rGo 


K = 2.00 x 1024 T = 500 K

 r Go r = - 2.303 RT log K

= - 2.303 x (8.314 J mol-1 K-1) (500 K%) log 2.0 x 1024

= - 2.303 x (8.314 J mol-1 K-1) (500 K) 24.30

= - 232.6 kJ
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CH

4
(g) + CH

4
O

2
 (g)   2CO

2
 (g) + 2H

2
O (l)

CH4, CO2 O2 kJkJ

kJ 

: CH
4
 (g) + 2O

2
 (g) CO

2
 (g) + 2H

2
O (l)

 rGo =  rGo (CO)
2
) + 2  rGo (H

2
O) -rGo (CH

4
) - 2 fGo (O)

2
)

= - 394.4 + 2 x (- 237.2) - (-50.8) - 2 x 0

= - 394.4 - 474.4 + 50.8

= - 818 kJ







CO (g) + 2H
2
 (g)     CH

3
OH (l)

298 K24.8 kJ K




• 
• S
• 
• G = H - TS 
• 



G =   H - T T   S

• G < 0G =0



298

• 

 rG0 = -2.303 RT log K

• 

 rGo =    f
 Go-    f

 Go


 
  S

 H
2
 (g)    2H (g)

 O
2
 (g, 300 K) + O

2
 (g, 500 K)

 
 
 
 

 O
3
 (g) + O (g)    2O

2
 (g)

 rH = - 391.9 kJ rS = 10.3 J K-1 mol-1 298 K

 rG
 rG 

 
 
 

 K .  rG0
2NO (g)     N O (g)

 r H = - 57.20 kJ r S = - 175.8 JK-1 mol-1


 -202.85 kJ (NH Cl4(S)-16.45 kJ mol-1 NH
3
(g)

-95.3 kJ (HCl (g
  rG0
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NH
4
Cl (S)  2

 n
3

  NH
3
 (g) + HCl (g)




CCl
4
 (l) + H

2
 (g)     HCl(g) + CHCl

3
 (l)

 rG0 = -103.7 kJ  K




 
-1 3 -1

fus
fus

Δ H 6.02 kJ mol 6.02 x 10 J mol
Δ S =  =  = 

T 273 K 273 K

= 22.0 J mol-1 K-1

 
 


 G = - 103.7 kJ.
 (iii)


G0 = - 2.303 RT log K

2. 2.2 x 104
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• 
• 


• 
• 
• 


• Kp Kc 
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• 



















C

2
H

5
OH (l) + CH

3
COOH(l)  +HCH

3
COOHC

2
H

5
 (l) + H

2
O(l)




CH
3
COOC

2
H

5
(l) + H

2
O(l)  +H  CH

3
COOH (l) + C

2
H

5
 OH(l)
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CH
3
COOH (l) + C

2
H

5
OH(l)    CH

3
COOHC

2
H

5
 (l) + H

2
O(l)












A + BC + B

CH
3
COOH + C

2
H

5
OH    CH

3
COOH + H

2
O
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C(s) + O

2
 (g)    CO

2 
(g)


            





HCl (aq) + NaOH (aq)    NaCl (aq) + H
2
O (l)

 


NaCl (aq) + AgNO
3
 (aq)    AgCl(s) + NaNO

3
 (aq)




i
ii
iii



i




ii
         

  N
2
O

4 



N

2
O

4 
(g)     2NO

2 
g)
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iii





N
2
 (g) + 3H

2
 (g)    2 NH

3
 (g)




FeCl
3 
(aq) + 3NH

4
SCN (aq)     Fe (SCN)

3
 () + 3 NH

4
Cl (aq)

iv) 
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(I
2
(s)   I

2
(g))
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(s)  
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i) N

2
 (g) + 3H

2
 (g)    2NH

3
 (g)

ii) 2N
2
O

5
 (g)     4NO

2
 (g) + O

2
 (g)
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i CH

3
COOH(l) + C

2
H

5
OH(l)  

+H  CH
3
COOC

2
H

5
 (l) + H

2
O(l)

ii KCN (aq) + H
2
O(l)   HCN (aq) + KOH (aq)





i) Fe (s) + 4H

2
O(g)     Fe

3
O

4
 (S) + 4H

2
 (g)

ii) CaCO
3
 (S)     CaO(s) + CO

2
 (g)

















H


(g) + I

2
 (g)    2HI (g)

H
2
, I

2
, HI H

2
, I

2
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2

c
2 2

[HI]
K =

[H ][I ]

[H]
2
], [T]


][HI] HKC

K 


aA + bB    cC + dD




c d

c b

[C] [D]
K  =

[A] [B]a




      


Kp



K

p
,K

p 
H

2
I

2


K
p 


2

2

c
H2 I

P HI
K  =

P xP

PH
2
, PI

2
 PHI H

2
, I

2
 HI 

A (g) + b B (g)    c C (g) + d D (g)


c d

p b
A B

P P
K  =

P P
C D

a
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KpKc 
A (g) + b B (g)  c C (g) + d D (g)

KpKc
c d c d

C D
p ca b a b

A B

P  x P [C] [D]
K  =   and  K  = 

P  x P [a] [B]

 iP

V = n

1
RTp

1
n

1


VT
R

1
1 1

n
P  =   RT = c  RT

V

C
i
 i K

p



c d

c D
p a b

A B

(C  RT)  (C  RT)
K   = 

(C  RT)  (C  RT)

c d
c D

a b
A B

C  x C  
=  (RT) (c+d) - (a+b)

C  x C


c d

p p Ra b

[C] [D]
K  = (RT) (n +n )

[a] [B]

g= K  (RT) nc 

  n
g
     

 n
p
n

R
 n

g
 

i)
H

2
 (g) + I

2
 (g)    2HI (g)

n
p
 =.

n
R 

=H
2 



I

2
2 (1 + 1)

(1 + 1 ). n
g
 = np - ng = 2 - 2 = 0

ii) 
N

2
 (g) + 3H

2
 (g)     2NH

3
 (g)

n
p
 = 2, n

R
 = 1 + 3 = 4....g = 2 - 4 = - 2
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iii)
CaCO

3
 (l)  ....................CaO(s) + CO

2
 (g)

 n
g
 = 1


K

P



iN

2
O

4


N
2
O

4
 NO

2 
(g)

22
NO22

c p p
2 4 N2O4

P[NO ]
K  =  : K  = K  = 

[N O ] P


SO2(g)+O2(g)   2SO

3
 (g)

2 2
3 SO3

c p2 2
2 2 SO2 O2

[SO ] P
K  =  : K  =  

[SO ] [O ] P P

iii)
CH

3
 COOH (I) + C

2
H

5
 OH (I)    CH

3
COOC

2
H

5
 (l) + H

2
O (l)

3 2 5 2

3 2 5

[CH COOC H ][H O]
Kc = 

[CH COOH][C H OH]

K
p





 CaCO

(s)  CaO(s) + CO

2
 (g)



2

3

[CaO][CO ]
Kc = 

[CaCO ]

CaCO

CaO




K
C
 = [CO

2
]K

P
 = Pco

2
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i)

3Fe(s) + 4H
2
O (g)   Fe

3
O

4
+ 4H

2
 (g)

2

4 4
2 H2

c p4 4
2 H O

[H ] P
K  =  : K  =  

[H O] P

ii)
H

2
O  (I)    H

2
O (g)

KC = [H]
2
O; g]; KP = PH

2
O







H
2
 (g) + I

2
 (g)    2HI (g)

K 
2

2 2

[HI]
= 

[H ][I ]


1/2 H

2
 (g) + 1/2 I

2
(g)     HI (g)

K
l


1 1

2 2
2 2

[HI]
K1 = 

[H ] [I ]

KK
l
 1K  = K 

H 2HI   H
2
(g) + I

2
 (g)

2 2
2 2

[H ][I ]
K = 

[HI]



2

1
K  = 

k

   K
p
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K

c
 K

p



a) n = 0.

H
2
I

2



H

2
(g) + I

2
 (g)  HI(g)

2 2

2 2 2 l2

[HI] P HI
Kc  =              Kp =  

[H ][I ] PH P

-1 2 2

-1 -1

(molL ) bar
Kc  =              Kp =  

(molL ) (molL ) (bar) (bar)

K
p
K

c


Δn  o





N
2
 (g) + 3H

2
 (g)    2NH

3
 (g)

 n =  n
p
 - n

R

K
c
(mol L)-1)-2LmolK

p 
bar




2 2
3 3

3 3
2 2 2 H2

[NH ] P NH
Kc =           Kp = 

[N ][H ] PN  x P

2 2

3 3

(mol L-1) Pressure
Kc =           Kp = 

(molL-1) (molL-1) (Pressure)(Pressure)

-1 2 -2

2 -2 -2

= (molL )                        = Pressure

=L    mol                         =bar
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PCl

5
 (g)    PCl

3
 (g) + Cl

2
 (g)

n = 2 - 1 = 1. 
K

C
K

P


K
c
=mol L-1K

p 
=bar

K


  




K

H
2
 (g) + I

2
 (g)    2HI (g) KC = 90  298 K

 2CO (g) + O
2
 (g)     2CO

2
 (g) KP = 2.2 x 1022  1000 K

K
C
 





K

c
K

p





A (g) + B (g)    C (g) + D (g)

A BC mol

D


[C] [D]
Kc = 

[A] [B]

ABCD
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[A] = 1 mol L-1, [B] = 0.5 mol L-1, [C] = 3.0 mol L-1[D] = 10 mol L-

-1 -1

-1 -1

(3.0mol L )(10mol L ) 3.0  x 10
Kc =     =   = 60

(1mol L )(0.5mol L ) 1 x 0.5

 KNOCl 
1.32 mol NO 

 K K
C
.

2 NOCl (g)   2 NO (g) + Cl
2
 (g)


 (NO) =   -11.32  mol

=   = 0.66mol L
2 L

 Cl
2
]

 
= =  1

2
NO 

-11.32  mol
=   = 0.33 mol L

2 x 2 L

(NOCl)= NOCl  
 = 

-1(4.0 - 1.32  mol) 2.68 mol
=   =  1.34 mol L

2L 2L


2 NOCl (g)             2 NO (g) + Cl

2
 (g)

2 -1 2 -1 2
2

2 -1 2 2

[NO] [Cl ] (0.66mol L )  (0.33mol L ) (0.66)  x 0.33
Kc =  =  = 

[NOCl] (1.34mol L ) (1.34)

= 0.080 mol L-1 KC

= 0.080 mol L-1

HIK
HI K

C
K

P

HI= 

HI 
25 x 2

=  = 0.5 mol
100
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HI = = 
HI

 2HI (g)     H
2
(g) + I

2
 (g)

   
   
 mol mol mol

 L  L L

 mol L-1 mol L-1 mol L-1


-1 2 -1 2

2 2
2 -1 2 2

[H ][I ] (0.25 mol L )  (0.25 mol L ) (0.25)  
Kc =  =  = 

[HI] (1.5 mol L ) (1.5)

K
p
 = K

c
 (RT) n

g


=  n

g
 =  n

P
 -   nR

 = 2 - 2 = 0 .....  K
p
 = K

c 
= 0.028

=  K
c 
= 0.028

COCl

   CO + Cl

2 
  atm Nm K

p 



CO, Cl


 


 atm

(1 atm = 101300 Nm)-2)

 1)K
p

COCl


 (g)   CO (g)   Cl

 (g)

CO cl2
p

COCl2

P  x P (0.16 atm) (0.26 atm) 0.16 x 0.26
K  =  =  =  atm

P (0.20 atm) 0.20

= 0.21 (atm)

2) K
p 
Nm-2 

KP = 0.21 atm1 atm = 101300 Nm-2

Kp = (0.21 atm) (101300 Nm)-2 atm-1) = 21273 Nm-2

K
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CH
3
COOH (l) +C

2
H

5
OH (l)    CH

3
COOC

2
H

5
 (l) + H

2
O (l)

n  n
 = 2/3 n.

V 
CH

3
CoOH (l) + C

2
H

5
OH (l)    CH

3
COOC

2
H

5
 (l) +H

2
O (l)

 n n    o   o

 2
(n -  n)

3

2
(n -  n)

3

2
 n

3

2
 n

3

1
 n

3

1
 n

3
 2

 n
3

2
 n

3

 n

3V

n

3V

n

3V

n

3V

3 2 5 2
c

3 2 5

[CH COOC H ] [H O]
K   =  

[CH COOH] [C H OH]

2n 2n
3V 3V

=  = 2 x 2 = 4
n n

3V 3V

  
  
  
  
  
  

K
c
 = 4




2A + B    3C + 3D




 K

p
K

C 
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 iK

p
K

C 



a) CO

2
 (g) + H

2
 (g)     CO (g) + H

2
O (g)

b) I
2
S  I

2
(g)iiK

C
K

p



 
i N

2
 (g) + 3 H

2
 (g)    2NH

3
 (g)

ii) 1/3 N
2
 (g) + H2 (g)   2/3  NH

3
 K


K
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N
2
 (g) + 3H

2
 (g)     2NH3 (g)   H = - 92.4 kJ/mol



i) 

ii 









i)   


N
2
O

4
 (g)    2NO

2
 (g)




ii 

N
2
 (g) + 3H

2
 (g)     2NH

3
 (g)


  n

g
 = 2

iii)
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H
2
 (g) + I

2
 (g)     2HI (g)







i

N
2
 (g) + 3H

2
 (g)    2NH

3
 (g) ;  H = - 92.4 kJ/mol


     


ii) 

N
2
 (g) + O

2
 (g)    2NO (g) ; H = + 180.7 kJ/mol-1













 ; H = + 6 kJ/mol-1
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 ;  




(l) ; H = + ve

g  =  n
g
1 - 0 = +1,


n

g
= +1

       





 
Kcl, KNO

3
, NH4Cl 

H 
KOH NaOHH




 



0C
atm
SO

3
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2SO
2
 (g) + O

2
 (g)    2SO

3
 (g);  H = - ve

   n
g
 = 2 - 3 = - 1 SO

3 
    


NO


N

2
 (g) + O

2
 (g)    2NO (g),   H = + ve

 n
g
 = 2 - 2 = 0.



 
A (g) + 2B (g)     C (s) + D (g); H = + ve

 C 
 A 
 



 


 


C D 
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• 


• 


• 
• 


• 


• 


• 


• 


• 


• aA + bB    cC + dD

K
• Kc, K 

Kc


• 
K

P


• K
P 
Kc K

P
  = Kc (RT) ng  n

g






325

• 


• 
• K 
• 





• 


• 


• 


 



 

 

 

 


a)  
b) N

2
O

4
 (g)    2NO

2
 (g)

c) NH
4
Cl(s)    NH

3
 (g) + HCl (g)

d) CH
3
COOH (l) + C

2
H

5
OH (l)    CH

3
COOC

2
H

5
 (l) + H

2
O (l)
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 kp  kc 

 kc c


a) N

2
O

5
 (g)    2NO

2
 (g) + 1/2 O

2
 (g)

b) CH
4
 (g) + H

2
O (l)    CO (g) + 3H

2
 (g)

c) FeCl
3
 (aq) + 3NH

4
SCN (aq)    Fe (SCN)

3
 (aq) + 3NH

4
Cl (aq)


K

P



a) CO

2
 (g) + H

2
 (g)    CO (g) + H

2
O (l)

b) 3F(s) + 4H
2
O (l)     Fe

3
O

4
 (g) + 4H

2
 (g)

c) 2SO
3
 (g) + 2SO

2
 (g)     O

2
 (g)


 K

C 


 
K

P 
.

a. CaCO
3
 ()    CaO(s) + CO

2
 (g)




 
K

P
K

C 


a. Q.K
P

b Q.K
C




 
 



327







2 x (g)    2Y (s) + Z (g) ;     H = + ve a

a) X 
b) Z
c) 
d) 
e) 


H

2
 C2.6 I

2 
HI 

H
2
 (g) + I

2
 (g)     2HI (g)


Kp 

N
2
O

4
 (g)       2NO

2
 K1 atmatm 

Kp
 2NO2 (g)  N

2
O

4
 (g)


 C,H

2



I

2





H
2
 (g) + I

2
 (g)    2HI (g)I

2


LKc
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CH
3
COOH (l) + C

2
H

5
OH (l)     CH

3
COOC

2
H

5
 (l) +  H

2
O (l) 





  K

C

N
2
 (g) + 3H

2
 (g)    2NH

3
 (g)

00CL2 mol-1 .


 
K

p
atm 





 




H
2 
(g) + I

2
 (g)     2HI (g)

2SO
2
 (g) + O

2
 (g)     2SO

3 
(g)

 


 


 )


 i)
H

2
 (g) + I

2
 (g)    2HI (g)

2SO
2
 (g) + O

2
 (g)    2SO

3

ii
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CaCO
3
 ()     CaO(s) + CO

2
 (g)

Zn (s) + CuSO
4
 (aq)    Cu(s) + ZnSO

4
 (aq)




3 2

2

[C]  [D]
K = 

[A]  [B]

 gN

p cK  = K  (RT)

i  co H2O2
c p

2 2 co2 H2

P  x P[CO] H O]
K  =  : K = 

[CO ] [H ] P  x P

 c 2 p I2K   =  [I ] : K  = P

ii n
g
 = (1+1) - (1-1) = 0, K

c 
= K

p
 

 n
g
 = 1-0 =  +1

P
p c c C p

K
K  = K  (RT) or K  =  or K < K

RT



2/32

3
1 23 1/3

2 2 2 2

[NH ][NH]
K  =  and K  = 

[N ][H ] [N ] [H ]

3
1 2K  = [K ]












(a) (ii)(iv)

D
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pH


Ca

3
(PO)

4
)

2
, 

pH  






• 
• 
• 
• 
• 
• pH
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• 
;;

• pH; 
• ;

• ;

• AB, AB
2
, A

2
B A

2
B

2



• 
• 





           




   


(H+) +

HA (aq)    Η+ (aq) + AA- (aq) 
HAA- 

HCl


HCl (aq)    H+ (aq) + Cl- (aq) 
H

3
O+


H+ + H

2
O   H

3
O+
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HA (aq) + H
2
O   H

3
O+ (aq) + AA- (aq) (14.3)

(OH) 


MOH (aq)   M+ (aq) + OH- (aq) 
M+ 


NaOH (aq)   Na+ (aq) + OH- (aq) 

         


• 


• AlCl
3
.

NH
2
 Na

2
CO

3







H+)+
 



(NH
3
)(HF) 

HF
NH

3
 + HF   NH

4
+  + F-
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H

3
O+ (aq) + Cl- (aq) + NH

3
 (aq)    H

2
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4
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Cl 
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3
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3
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2
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4
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H
3
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H
2
O NH

4
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3
O+ NH
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3
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O 

H
2
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3
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4
+ (aq) + OH- (aq) 
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3
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2
O NH

3


H
2
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4
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4
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4

+NH
3
, NH

4
+ 
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4
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4
+NH

3

 

NH

4
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3
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4
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3
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3
NH

4
+
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4
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H
2
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2
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3
O+ (aq) + F- (aq) 
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     H+, HF    
F-H

2
O 
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2
O   H

3
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2
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2
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..F- OH- 


HF (aq) + HCO
3
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2
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3
 (aq) + F- (aq)
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3
- (aq) + OH- (aq)    CO

3
2- (aq) + H

2
O (l)













H
2
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3
 (aq) + CN-  (aq)  HCO

3
- (aq) + HCN (aq) (14.12) 
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AlCl).

3
OH-Na

2
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3
). G.N.


          




AlCl
3
 + NH

3      AlCl
3
    NH

3


AlCl
3
NH

3
 

NAlCl
3


NH
3




Ag+, CO3+, Cu2+, PE3+ etc.
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3
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3
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3
, FeCl
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6
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4
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3
, SF.

4
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4
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3
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2
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2
O

7
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4
O
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Cl-, CH-, CN-, NH-

2
, F-, SCN

 ?
 


CO, NO, HCCH, H

2
C= CH

2


i) NH

3
 , BF

3 


BF
3 
NH

3 
BF

3
NH

3




ii) 
H+ , H

2
O H+ 




 
 HCl, H

2
O NaOH KOH
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 H+ 


 

 

 

 

HCl, NH
3
, H

3
O+, CN-










HCl

H++H
3
O+

HCl (g) + H
2
O   H

3
O+ (aq) + Cl

-
 (aq) 

H
2
SO

4
, HBr, HI, HNO

3
 HClO

4
. CH

3
COOH


  H

3
O+  H+     H

3
O+   
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CH

3
COOH (aq) + H

2
O  H+ (aq) + CH

3
COO - (aq) 


NaOHNH

3



NaOH (aq) Na+ (aq) + OH- (aq)

NH
3
 (aq) + H

2
O  NH

4
+ (aq) + OH - (aq) (14.17)
















HCl

HCl (aq) + H
2
O (aq)   H

3
O+ (aq) + Cl- (aq) (14.20) 

 


CH
3
COOH + H

2
O  H

3
O+ + CH

3
COO- 
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HA

HA (aq) + H
2
O (l)  H

3
O+ (aq) + AA- (aq) 


          


HA (aq)   H+ (aq) + AA- (aq)


HA (aq) + H

2
O (l)   H

3
O+ (aq) + AA- (aq) 


K

eq
 



  




K
a
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CH.
3
COOH (aq) + H

2
O  H

3
O+ (aq) + CH

3
COO - (aq

K



 Ka 

Ka



Ka 




(BOH)

BOH (aq)  B+ (aq) + OH- (aq) 

BBH+ OH




NH
4
OH 

NH
4
OH (aq)  NH

4
+ (aq) + OH - (aq)
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K
b
K

a


K
b 
K

b





         


H

2
SO

3
, H

2
CO

3


H
3
PO

4


H
2
SO

3


(K)
1
K


K

1 
,
 
K





         




 
‘α’
          
 α K

a
, k

b


HA 
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HA (aq) + H

2
O (l)    H

3
O+ (aq) + AA- (aq)

 c   

c (1-α)      -55 cα   cα







 HAα < < 1α



           


0.1 M 
K

a
  = 1.8 x 10




 

=  x100 (14.35)

= Degree of dissociation x 100%

= α x 100% = 0.0134 x 100 = 1.34%

0.1 M
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H

3
O+OH-


H

2
O + H

2
O  H

3
O+ + OH- 





H
2
O 

K
w


[H]
3
O+] [OH-] = K

eq
 x [H]

2
O]2 = K

w
  

K
w
, K

w
 


w
K

1.0 x 10-14 mol2 dm-6.
H

3
O+OH-

K
w

= [H]
3
O+] [OH-] = 1.0 x 10-14 mol2 dm-6

K
w

= [H]
3
O

+
]2 = 1.0 x 10-14 mol2 dm-6

[H]
3
O+] = 1.0 x 10-7 mol dm-3

[OH]-] = 1.0 x 10-7 mol dm-3


[H]

3
O+] = [OH]-] = 1.0 x 10-7 mol dm-3 298 K (14.40)




[OH]-

] [H]
3
O+] [OH]- [H]

3
O+]. 

 [H]
3
O+] = [OH]-]
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 [H]
3
O+] > [OH]-]

[H]
3
O+] < [OH]-] (14.41) [H


O+] [OH-]

      [H

O+]    [OH]-]


[H]

3
O+] [OH-] = K

w
 (14.42)






           

OH[H


O+] HCl 0.01 M

OH
HCl

H
2
O + H

2
O  H

3
O+ + OH-

HCl + H
2
O  H

3
O+ + Cl -

HCl 
H

3
O+, HCl 

OH- 
OHx’mol dm-3.  H

3
O+

x mol dm-3.  H
3
O+  HCl 

0.010 mol dm-3H
3
O+(aq)= (0.010 + x) mol dm-3.

H
3
O+OH- (0.01 +x x

mol dm-3
        


K

w
 = [H]

3
O+] [OH-] = (0.01 x) x) (x)dm-6  = 1.0 x 10-14 mol2 dm-6

x  x << 0.01
H

3
O+M 

(0.01 + x) = 0.01,
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 0.01x = 1.0 x 10-14

 x = 1.0 x 10-14 / 0.01

x = 1.0 x 10-12

[OH]-] = 1.0 x 10-12 mol dm-3  
[H]3O+] = 0.01 + 1.0 x 10-12 mol dm-3 = 0.1 mol dm-3

x (1.0 x 10)-12)  

H

3
O+



pH
H


O+OH- 

10 M10-14  M log
10

 
H+ 
pH
pH H+

pH = log
10 

[H]+] 


pH = log
10 

 [H
3
O+] 


[H]

3
O+] = [OH]-] = 1 x 10-7

              pH =  log 1 x 10-7 = 7.0


[H]

3
O+] > [OH]-]

[H]
3
O+] > 1 x 10-7

pH = log  (>1 x 10-7) = < 7.0


[H]

3
O+] < [OH]-]

[H]
3
O+] > 1 x 10-7

pH = log (>1 x 10-7)

> 7.0



346

 pH  
pHpH 
P
OH(aq) K

a
, K.

b
K

w



pOH = log[OH]-]

pK
a
   = log K

a

pK
b
   =logK

b

pK
w
  =logK

w


eq
K

w 
= [H]

3
O+] [OH-]

log10 
log K

w
 = log [H]

3
O+] + log [OH]-]


log K

w
 = log [H]

3
O+] - log [OH]-]

pK
w
 = pH + pOH

K= 1.0 x 10-14 pKw = 14

, pH + pOH = 14 
 pH pOH 

pHCl0.01 MH
 HCl 
 [H]

3
O+] 0.01 M HCl = 0.01 M

pH = - log
 10

[H]
3
O+] = - log 10-2

= - (-2.0) = 2.0

pNaOH0.010 MH
 NaOH     Na     
OH-

[OH]-] = 1.0 x 10-2 mol L -1

 K
w
 = [H]

3
O+] [OH-] = 1.00 x 10-14 mol2 L-2
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= 1.00 x 10-12 mol dm-3

pH = - log
10

 (1.0 x 10)-12) = 12

250CpH


  pH = - log [H]

3
O+] 

 = - log [H]
3
O+] log [H]

3
O+] = -5.


[H]

3
O+] = 10-5 mol dm-3

0.1 MpH
K.

a
 = 1.85 x 10-5 , α = 0.0134.


CH

3
COOH (aq) + H

2
O  H

3
O+ (aq) + CH

3
COO- (aq)

α
CH


COOH (aq) + H

2
O  H

3
O+ (aq) + CH

3
COO- (aq)

c (1 -  )   c c

 c = 0.1 M

0.1 (1 -  )  0.1        0.1 

 [H]3O+] = c 

    [H]3O+] = 0.1 x 0.134 = 0.00134

pH = - log[H]
3
O+] = - log [0.00134] = - log [1.34 x 10-3] = - (-2.87) = 2.87







HANaA


HA (aq)    H+ (aq) + AA- (aq)
NaA (aq)  Na+ (aq) + A- (aq)
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A- (aq) 
BOHBX

BOH (aq)   B+ (aq) + OH- (aq)
BX (aq)      B+ (aq) + X- (aq)

B+ 
        

0.1 M pH 
0.1 M = 1.85 x 10).5 d-3).


CH

3
COOH (aq) + H

2
O  H

3
O+ (aq) + CH

3
COO- (aq)

CH
3
CONa (aq)     Na+ (aq) + CH

3
COO- (aq)

α


CH
3
COOH (aq)   H

3
O+ (aq) + CH

3
COO- (aq)

  c (1 - α ) cα cα

c = 0.1 M 
0.1 (1 - α) 0.1 α 0.1 α
CH

3
CONa (aq)    Na+ (aq) + CH

3
COO- (aq)

0 0.1 0.1
CH

3
CoOH = 0.1 (1-α)

CH
3
COO- = 0.1 + 0.1α = 0.1 (1 + α)

H
3
O+ = 0.1 α
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α < < 1; . (1- α ) - 1;  (1 + α ) - 1


[H]

3
O+] = 1.85 x 10-5 x 0.1 / 0.1 = 1.85 x 10-5

 pH = - log (1.85 x 10)-5 ) =

[H]
3
O+] = 0.1 α   

   α = 1.85 x 10-5 / 0.1 = 1.85 x 10-4 = 0.000185


CH

3
COOH = 0.1 (1-0.000185) = 0.1

CH
3
COO- = 0.1 (1+0.000185) = 0.1

H
3
O+ = 0.1 x á = 0.1 x 0.000185 = 1.85 x 10-5   

== CH
3
COO-= 




HFHF Ka


BOH


B + H

2
O  BH+ + OH-


 6.3 x 10-2 M pH 



 MpH
Ka = 1.67 x 10-10.
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pH



   pH   

 pH.  pH
 pH
pH


i). 
CH

3
COOH + CH

3
COONa

ii). 
NH

4
OH + NH

4
Cl.

pH 7pH 7






 
 
pH
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 CH

COOH         

CH
3
COONa 

CH

COOHCH

3
COONa

CH)
3
COO-           


CH

3
COOH (aq) + H

2
O (l)  H

3
O+ (aq) + CH

3
COO- (aq)

CH
3
COONa (aq)    Na+ (aq) + CH

3
COO- (aq)

HClH
3
O+

H
3
O+

[CH]
3
COO-]

H
3
O+ (aq) + CH

3
COO- (aq)   CH

3
COOH (aq) + H

2
O (l)




HCl (aq) + CH
3
COONa (aq)   CH

3
COOH (aq) + NaCl (aq)

NaOHOH-
OH- , H

3
O+

H
3
O+ (aq) + OH- (aq)  H

3
O+ (aq) + CH

3
COO- (aq)

  (eq) CH
3
COOH


CH

3
COOH (aq) + H

2
O  H

3
O+ (aq) + CH

3
COO- (aq)

CH
3
COOHOHOH

CH
3
COO- 

OH- (aq) + CH
3
CoOH (aq)  CH

3
COONa- (l) + H

2
O (l)


NaOH (aq) + CH

3
COOH (aq)   CH

3
COONa (aq) + H

2
O (l)




     pH      
pH.



352


 pH





CH
3
COOH (aq) + H

2
O  H

3
O+ (aq) + CH

3
COO- (aq)






  




pH = -log [H]
3
O+] pKa = - log K

a








pH 0.1 M0.1 M
Ka = 1.85 x 10)-5 mol dm-3
= 0.1 M = 0.1 M
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 Ka = 1.85 x 10-5 mol dm-3

pK
a
 -logK

a
  = - log1.85 x 10-5

 pK
a
 = 4.73 

 a

[Salt]
= pK  + log

[Acid]


pH = 4.73 + log (0.1/0.1) = 4.73 + log 1 = 4.73.

pH
0.1 M 0.1 M  ( p K

b

NH
4
OH = 9.25).

 = 0.1 M [] = 0.01 M

pKb = 9.25; 

 b

[Salt]
pOH = pK  + log

[Base]


pOH = 9.25 + log (0.1/0.1) = 9.25 + log 0.1 = 9.25 - 1.0 = 8.25






+HCl + NaOH) NaCl

+HCl + NH
4
oOH) NH

4
Cl

+CH
3
COOH + NaOH) CH

3
COONa

+ CH
3
COOH + NH

4
OH)  CH

3
CoONH

4


+


+
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NH

4
Cl




H+ (aq) 


CH

3
COONa 

CH
3
CONa (aq)   Na+ (aq) + CH

3
COO- (aq)




CH
3
COO- (aq) + H

2
O (l)  CH

3
COOH (aq) + OH- (aq)




CH

3
COONa

CH
3
COONa (aq)   Na+ (aq) + CH

3
COO- (aq)




CH
3
COO- (aq) + H

2
O (l)  CH.

3
COOH (aq) + OH- (aq)




CH

3
COONH

4


CH
3
COONH

4
 (aq)  NH

4
+ (aq) + CH

3
COO- (aq)
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AgCl


AgCl(s)  Ag+ (aq) + Cl- (aq)








K
sp

 = [Ag]+] [Cl]-]


K

sp









ABAgCl, CaSO

4
 


AB(2A)  AA+ (aq) + B- (aq)
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K
sp

 = [A]+] [B]-]

‘s’dm‘s’

mol dm K
sp


K
sp

 = [‘s’ mol dm-3] x [‘s’ mol dm-3] = s2 mol2 dm-6

AB

 CaF





AB

2
 (2A)  AA2+ (aq) + 2B- (aq)

K
sp

 = [A]2+] [B]-]2

‘s’ mol dm-3‘s’ mol

dm-3 ‘2s’ mol dm-3K
sp



K

sp
 = [‘s’ mol dm-3] x [‘2s’ mol dm-3]2 = 4s3 mol3 dm-9

A
2
B Ag

2
Cro

4



A

2
B(2A)  2A+ (aq) + B2- (aq)

K
sp

 = [A]+]2 [B]2-]

‘s’dm-3
‘2s’ mol dm-3 ‘s’dm-3K

sp


sp


K

sp
 = [‘2s’ mol dm

-3
] 2 x [‘s’ mol dm

-3
] = 4s3 mol3 dm-9

A
2
B

2
 Ca

3
(Po

4
)

2
).


A

3
B

2
 (2A)  3A2+ (aq) + 2B3- (aq)

 K
sp

 = [A]2+]3 [B]3-]2

‘s’dm-3
‘3s’ mol dm‘2s’ mol dm-3K


K
sp

 = [‘3s’ mol dm-3]3 x [‘2s’ mol dm-3]2 = 1082A5 mol5 dm-15

A
x
B

y 
s mol dm 
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KSP
K

sp
 = [A]y+]x [B]x-]y = (xs)x (ys)y = xx yy sx+y

298K4.9 x 10-3 dm-3
dm-3CaSO

4
 

K
sp 


.


CaSO

4
   Ca2+ (aq) + SO

4
2- (aq)

K
a
 = [Ca]2+] [SO]

4
2-]

4.9 x 10-3 Mol of CaSO
4
 1 dm-3 


[Ca]2+] = 4.9 x 10-3 mol dm-3 ;    [SO]

4
2-] = 4.9 x 10-3 mol dm-3

K
sp

 = [Ca]2+] [SO]
4

2-] = [4.9 x 10-3 mol dm-3   x 4.9 x 10-3 mol dm-3]

= 2.4 x 10-5 mol2 dm-6.

(AgI) 8.5 x 10-17, 250C
AgI


AGI(2A)  Ag+ (aq) + I- (aq)

AgI ‘s’ mol dm-3  ‘s’

mol dm-3
Ksp = [Ag+] [I-]; 

[‘s’ mol dm-3] [‘s’ mol dm-3] = s2 mol2 dm-6 = 8.5 x 10-17 mol2 dm-6

= [8.5 x 10] mol2 dm-6]1/2

= 9.2 x 10-9 mol dm-3.

298 KAgI 9.2 x 10-9 mol dm-3 
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0.1 mol dm-3  AgNO

3
AgI

AgNO
3
298KAgI 8.5 x 10-17 mol2 dm-6


AgNO

3
  Ag+ (aq) +NO

3
(aq)

AgI
AgI ()  Ag+ (aq) + I- (aq)

AgI ‘s’ mol dm-3 Ag+ + 
[0.1 + s] dm-3 . ~ [0.1] dm-3 S
I‘s’ mol dm-3
K

sp 
 = [Ag]+] [I]-]; 

[0.1] 1mol dm-3] [‘s’ mol dm-3] = 0.1 Sdm-6  = 8.5 x 10-17 mol2 dm-6

= [8.5 x 10]17/ [0.1] dm-3

     = 8.5 x 10-16 mol dm-3.

‘s’

298K0.1 M  AgNO

3
 AgI8.5 x 10-16 mol dm-3 

AgI
  0.1 M AgNO

3

 9.2 x 10-9 mol dm-6 8.5 x 10-16 mol dm-3





0.05 M0.025 M 

pHpK
a
 4.2)


 Ag

2
SO

4
[SO

4
2-] = 2.5 x 10-2 M.
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K

sp



H

2
S . H

2
S 

H
2
S (aq)  2H+ (aq) + S2- (aq)



S
II
IV


• 


• 





• H+
H

3
O)+

• H+



• 
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• 





• 



• 


• 
 

• 



• H
3
O+pH

pH pH = -log
10

[H]+]  pH = log
10

[H]
3
O+].

• pH pH
HApH

• 

pH 
pH


• 


• 


• K
sp
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• 




 
 

H
2
CO

3
(aq) + H

2
O (l)  H

3
O (aq) + HCO

3
- (aq)

 
 


 1 x 10-3M  NH

4
OH pH  NH

4
OH 

1.85 x 10-5 mol dm-3.

 HClpH 2.301
 
 298KPbI

2
1.20 x 10-3 mol dm-3 


 298 KBi

2
S

3
K

sp
= 1.0 x 10-97 mol5 dm-15.

 298 K 0.10 M NaI AgI
 AgI 8.5 x 10-7




H+
HClCH

3
COOH


* 


* 
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AlCl
3
Na

2
CO

3





HCl, H
3
O+ NH

3
, CN


HF

HF (aq) + H
2
O  H

3
O+ (aq) + F- (aq)

α
BOH 

c -55 0 0

c(1-α) -55 cα cα



+ -

2

[BH ] [OH ] [cα][cα]
K =  = 

[H O] [B] c [l-α] 55


2 2 2

b

[cα] [cα] c α cα
55 = K  =  = =

c [l-α] c [l-α] [l-α] 


B

2 2 b b
b

K K
K  cα  or α  =  or  α = 

c  c  


 [H]
3
O+] = 6.3 x 10-2 M 

pH = - log [H]
3
O+]

pH = log  6.3 x 10-2   

pH = - (0.7993 - 2.0000) 
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pH = - (-1.2007) = 1.2007

5.   = 1.0 M Ka = 1.67 x 10-10.

 -10 -5aK
α =  = α 1.67 x 10  = 10.29 x 10

c

  [H]
3
O+] = 1 x 1.29 x 10-5 = 1.29 x 10-5 M pH = -

2>MlH]
3
O+] = - 2>M [1.29 x 10-5] = - (-4.8894) = 4.8894



 [] =  M  [] =  M   Pk
a
 = 4.2 


pH = 4.2 + log (0.05/0.025)

= 4.2 + log = 4.2 + =
Ag

4
SOs’ mol dm Ag+ SO2s’

mol dm  s mol dm K
sp 

= [Ag]+]2 [SO
4
]

[SO
4
]  = 2.5 x 10-2 M , [Ag]+] = 2 x 2.5 x 10-2 M = 5 x 10-2 M

K
sp


K
sp

 = [5 x 10]-2]2  x [2.5 x 10]-2] = 6.25 x 10-5 mol3 dm-9
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• 
• ON
• 
• 
• 
• 
• 


• 
• 
• 
• 
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• EMF





          

NaCl NaCl

Na  Na+ + e- e- 
Cl  + e   Cl- e-




 










NaCl
(KMnO

4
)


 
         
+ve -v
         
+ve
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-v 

OS







O
2
, Na, P

4
 


Na+, Mg2+, Al3+, Cl-, S2-+1, +2, +3, -1, -2 


Na

2
O

2
, H

2
O

2
bKO)

2



  H+HClH

 +1Ca H
2


+



NCl

3
N+3Cl





CO
3


S, N Cl 
(a) H

2
NO

4
 (b) NO

3
- (c) ClO

4
-  

(a)

x



367

  OO

 H+1

H+2
  H


SO





+ 2 + x - 8 = 0.

x = + 6.


H


SO


+6.

B
NO

3

O



x - 6 = -1

x = + 5

N + 5
C

ClO
4

  x - 8 = -1

x = + 7
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 HO
 O

H
2
O OH+

H
 OH

H
2
O 

OH




 

 PN

 PN
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 PN

 OH





 
 
 


 


 
 


 


 OH+

OH- 
 H

2
OHO






2- 2+ 3+ 3+

2 7Cr O  + Fe Cr  + Fe 
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III



III
Fe+2Cr

IV


A 

B 


V


6 

Cr 

VIII:

H+

IX:

H
2
OHO 
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i 


ii 

IX:




(bold)

SiH4 BH4 BF3 S2O4

BrO4 H2PO4 SH12O HNO3
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 4 3 3 4

4 2 4 12 3

SiH          BH           BF           SO

BrO          H PO      SH O     HNO


- 3+ 2

3No    +    Bi  Bi    +      NO 
2+ 2+ 3+

4MnO   +   Fe      Mn     +   Fe 
2- 2+ 3 3+

2 7Cr O    +  Fe      Fe    +   Cr 
- -

3 4 3Al    +   NO  Al (OH)   +  NH 









ab
cd




R 

IV
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V =I.R

A cm2  
        R  I
A

ρ 




 L          
SK


Ki
i

1 1 A
  =    .  

R P l

A
or    L =  k  

l

l
and    K =  L  

A

2

cm
=  S 

cm

-1=  S cm

(K) S cm-1 100 S m-1.
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SISI KSm

S cm l

A


  l A

 l

A



K=x 


K
 k/S cm-1  k/S cm-1

 6.0 x 10-8  6.1 x 105

0.1 M HCl 3.5 x 10-2  1.0 x 104

0.1 M NaCl 9.2 x 10-3  1.0 x 10-14

0.1 M CH
3
CoOH 4.7 x 10-4

0.1 M NH
4
OH 3.4 x 10-4











 mK

MScm2 , mol-1
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A)

i  


ii  



iii 


B 





C 
i k
k


K


ii 
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 m 

kM
 m KM
  K  m   M 
 M m 



KCl

CH

COOH

 m 
KCl
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KCl


 A
x
B

y


 m 
     m
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Al


(So

4
)












a) 
b) 
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Cl-

    Na+     




- -

2

Cl Cl + e

Cl + Cl Cl (g)




+ -Na + e Na 


 





m α Q or m α ct

m = ect

m Q
ct
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e
CTm

e



(AgNO
3
)



=

= =

=

=

=

Solution: C  3 amperes

t  20 x 60  1200 seconds

m  e.c.t

4  e x 3 x 1200

e  4 / 3600 = 0.00111 gram / coulomb


 6.022 x 1023



F = N x e (N = & e = 
F = 6.022 x 1023 x 1.602 x 10-19 = 96500 


E x C x t

m
96500

  E = 

E = 


(E)





AlCl
3
       

AlAl = 27 
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Solution:



=

=

= 10 amp. t = 96.5 seconds valency = 3

m = = 0.09 g

At.wt. x c x t
m  

valency x 96500

At.wt. of Al  27

C 

27 x 10 x 96.5

3 x 96500

Al = 0.09 g.









          


Cu Cu

Ag Ag

m E
i.e., 

m E
  2 2H H

Cu Cu

m E

m E


H
2
SO

4 
H Cu,

Ag


eE
6.023 x 1023 
1F = 6.023 x 1023= 1F
E 
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 E

96500


 E
e =

96500

Ag

108
e  =

96500


m = ect

Ect
m = 

96500

At.wt.x c x t
m =

valency x 96500 ; 
At.wt

E=
valency


1. 
2 H

2
, Cl

2


3.NaOH, KMnO
4
 


5




 6(Q) c x t 10 

== 6.023 x 1023 

= 

236.023 x 10

96500  = 6.249 x 1018

= 6.249 x 1018  x 10-6 = 6.249 x 1012 
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CuSO

4






2+ -Zn(s) Zn (aq) + 2e 
2+ -Cu (aq) + 2e  Cu(s) 

         Cu2+  

Cu  
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CuSO

4
  




        


2+ -Zn(s) Zn (aq) + 2e 






2+ -Cu (aq) + 2e  Cu(s)











  KCl  NH

4
NO

3
       

U




i . 


i i. 
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Zn-Cu 


 


 
 




(s)
2+

(aq)Zn   Zn (1M)

 


2+
(aq) (s)Cu (1M)  Cu

 


2+ 2+
(s) (aq) (aq) (s)Zn   Zn (1M)  Cu (1M)  Cu

or

2+ 2+
(s) (1M) (1M)Zn   Zn Cu Cu 
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MMn+)



M

I) M
Mn+

n+ -M M + ne (metal is oxidised)


II)Mn+
M



n+ -M + ne M (the ion is reduced)







298K


EO





n+ -M(s) M (aq) + ne
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SHE


   SHE  298K  1M HCl   




SHE
SHEE0




+ -
2H (g) 2H (aq)+2e


+ -

22H (aq)+2e H (g)


i)


1M ZnSO
4
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emfV

 Zn/Zn2+ 
1 M CuSO

4
  

emf 0.34V
ii)SHE



SHE





emf 


 emf 


 emf 


 emf

            EMF 
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E0
emf 

 emf  


0 0 0

0 0
Right left

E cell = E cathode - E anode

          = E  - E

emf

Right left

E cell = E cathode - E anode
          = E  - E
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i ) 




EO Zn2+ / Zn
- 0.763E0 Fe2+ / Fe - 0.44 V.

Zn2+ / ZnE0 Fe2+ / Fe Zn, Fe 
     Zn Fe      Fe2+
 ZnFe


2+ 2+Zn + Fe Fe + Zn

i i) emf
0 0 0E cell = E cathode - E anode

EO Eo-'ve'
 
E0Mg/Mg2+ (1 M) // Ag + (1M) / Ag E0 
 E0 =E0E0

E0 Mg2+ / Mg = - 2.365 VE0 Ag+ / Ag = 0.80 V

E0 cell = 0.80 - (-2.365) V

= 0.80 + 2.365 = 3.165 V

iii ) 
E0 cell


E0 cell


-'ve'
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2+ +Cu (aq)+2Ag(s) Cu(s) 2Ag (aq) 
0 0 2+Given E  Ag+/Ag = 0.80 V and E  Cu / Cu  =  0.34 V


 + -2Ag(s) 2Ag (aq) + 2e

 2+ -Cu (aq) + 2e Cu(s)

2+ +

0 0 0
cell cathode Anode

0 0

Cu /Cu Ag /Ag

E =  E - E

       =  E - E

       = 0.34V - 0.80V

       = - 0.46V

The -ve E0 Cu2+


iv ) 



HClH
2
SO

4








M


n+M (aq) + ne M(s)



0
n+

2.303RT [M]
log         (i)

nF [M ]
E = E -

E = 
E0 = 
R = JK-1 mol-1

T = 
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F = 
n = 
[Mn]+]  =   Mn + ion

[M] = 

0

n+

2.303RT 1
E = E - log

nF M  

R, T F (i) 

R= 8.314JK-1 mol-1 F= 96500 Coloumb

T = 298 K

we have
0

n+

0.0591 1
E = E - log 

n [M ]


2+ e-Cu  (aq) + 2  Cu(s)

 n=2

E0  Cu+2/Cu 0.34 V 

K 2+

1
= 0.34 - 0.295log

Cu  


+ -

0

0

+

Ag (0.1M) + e Ag(s)

E  = 0.80V

0.0591 1
E = E - log

n Ag



  

0.0591 1
    = 0.80 - log

1 0.1
    = 0.80 - 0.0591 log 10

    = 0.80 - 0.0591 = 0.741V

emf
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0

A+ B X + Y

X Y2.303 RT
E cell = E cell - log

nF A B

x y

a b

a b x y


+ 2+

2+

0
2+

Ni (s) + 2Ag (aq) Ni (aq) + 2Ag

Ni2.303 RT
E cell = E cell - log

nF Ag



  
  


 s k Íïs ÁT.$ \ Te q T “ s Á’s TT+# á&†“ ¿ì n


2+Ni (s) Ni (aq) + 2e + -2Ag (aq) + 2e  2Ag(s)


2+ +Ni Ni  Ag Ag

n = 22e-

2298kEMF

2+ +

2+ +

0 0

Ni Ni Ag Ag

Ni (s)  Ni (0.001M) Ag (0.1M) Ag (s)

E  = 0.25V    E  = 0.80V

E
cell 


E

cell
= E


E



=V

=V
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2+

0
2+

2

-3

-2

-1

Ni0.0591
E cell = E cell - log

2 Ag

0.0591 0.001
          = 1.05 - log

2 0.1

10
          = 1.05 - 0.0295 log

10

          = 1.05 + 0.0295 log 10

          = 1.0795V

  
  

EMF


0
maxW = -  FEn

-ve


0 0
maxW = ΔG = - FEn

 0ΔG 
 0ΔG 

2+ 2+Zn(s) + Cu (aq) Zn (aq) + Cu(s)

298K  E
cell 

1.1V. 
Solution:

0 0

0

ΔG = -nFE

ΔG = -2 x 96500 x 1.1

       = -212,300 J

       = -212.3kJ

0ΔE -ve 
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Al, Cu, Ge, Mg, Zn, Ag

 N3-


  3+ -Al +3e Al Al




 




• 
• 
• 


• 




• 


• 
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• 


• 
• 
• 


• 




• ||||
• EMF 
• 




• 
• EMF

cell cathode anodeE = E  - E

• 

 
 

0 Red2.303RT
E = E - log

nF Oxi

•  0ΔG emf 
0 0ΔG = - FEn


[Cr(H

2
O)

6
]3+, [Fe(CN)

6
]3,

HCO3-, Pb
3
O

4



2 3

6 8 2 2 2

a) Fe O  + C Fe + CO
b) C H  + O CO + H O
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 3 3 2 22

i) Zn + HNO Zn NO + NO  + H O

2+ -
3 2ii) ClO  Mn MnO + Cl   
   2 2 22 3

iii) Fe OH  + H O Fe OH + H O 
 

a.
b.

 


 


 7.5x10-3M KCl 250C 
1.25cm-1 a.b.

 KM cm-1


 


+ 2+Zn(s) + 2Ag (aq) Zn (aq) + 2Ag(s)


2+ 2+Mg Mg Zn Zn

i.
ii. 
iii.

iv. 
v 0ΔE 




2+ 2+Ni(s) + Cu (aq) Cu(s) Ni (aq) 
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a.Cu
b. HCl Sm

 0ΔG 

 EMF
3+ 2+Cr Cr (0.1M) Fe (0.1M) Fe

EMFK
4+ 2+ 2+Sn (1.5 M) + Zn(s) Sn (0.5 M) Zn (2 M)  

CuSO
4





2+ 0

+ 0

Cu  + 2e Cu;     E = 0.34V

2Ag  + 2e 2Ag;  E = +0.80V





MM



-4,-3,+3,+2,+7,+5,0,+5


H

2
SO

4 
H

2
S

 -
2 2(aq) (s)I I

i) 
3+ 2+Fe (aq) Fe (aq) 

ii)

2 2M g  +  C l M g C l

                     + 2   -1
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iii) 2 3 I HIO 
 3 2HNO NO 



ii)

 3+ -Bi  Bi  + 3e

-
3 2 2

3+
3 2 2

- 2+
4 2

2+ 3+ -

2 + 2+ 3
4 2

2 + - 3+
2 7 2

2+ 3+ -

i) NO 2H + e NO + H O x 3

    Bi + 3NO 6H Bi  + 3NO 3H O

ii) MnO + 8H + 5e Mn +4H O

     Fe Fe e x 5

    MnO + 5Fe + 8H Mn +5Fe 4H O

iii) Cr O 14H + 6e 2Cr +7H O

      Fe Fe e

 

 

 

  



 

  



  
 

 

 
2 2+ + 3+ 3+

2 7 2

- -
3

- -
3 2 3

-
3 2 4 3

 x 6

     Cr O 6Fe +14H 2Cr +6Fe +7H O

iv) Al + 4 OH NH +9 OH x 8

     NO  + 6H O + 8e  NH  + 9 OH x 3

     8Al + 3NO  + 18H O + 5 OH  8Al(OH) +NH





 


 

 
 




 








-1 0
2 2 2 2MnO +  4HCl  MnCl  + Cl +2H O

  +4                           +2        






3 2 23CuO+  2NH  3Cu + N +3H O
  +2           -3            0        0
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1cm2 


S Scm-1





3+ 2

2 4 3 4Al (SO )  = 2 Al  + 3 SOλ λ λm m m
   







 Mg > Al > Zn > Fe > Cu > Ag

= 1.6 x 10-19 
N3-= 3 x 1.6 x 10-19 = 4.8 x 10-19


Al3+ + 3e   Al Al 

40.5
40.5g Al =  mole Al

27

 3 x 40.5 3 x 40.5
F needed =   F= x 96500

27 27


Al4.34x105e

e
E
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AGNO

3
  HCl

AgCl
  





• ;

• ;

• 
;

• ;

• ;
• ;

• ;

• 
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;
• ;

• ;

• 





         


 =



 = 




2NO(g)  + Br

2
   2NOBr(g)

NOBr


       

[NOBr] NOBr

[NOBr]t
2
[NOBr]


= [NOBr]

2
[NOBr]

1 
= [NOBr]

 = t
2 
- t

1 
=  t
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NOBr  Δ[NOBr]
= 

Δt

NOBr 
NOBr

2
 NO


2 2-Δ[Br ]-Δ[NO]

=     and w.r.t. Br    as = 
Δt Δt

    
NOBr

2


NOT Br
2
 





22NO (g) + Br  (g)  2NOBr (g)



 2-Δ[Br ]1 -Δ[NOBr]
= +     = 

2 Δt Δt


        






 t 

 Δ[NOBr]
= 

Δt


 t 

lim
t 0

[NOBr] d[NOBr]

Δt dt 
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2 5 2 22N O  (g)   2NO  (g) + O  (g)

 2 5 2 2Δ[N O ] Δ[NO ] Δ[NO ]1 1
= -     =  

2 Δt 2 Δt Δt


 2 5 2 2d[N O ] d[NO ] d[O ]1 1
= -     =  

2 dt 2 dt dt





 
 
 







2 2 3N  (g) + 3H    (g) 2NH  (g)
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i) NH

3
 ii)N





iii) H

2





NH
3 
 3Δ[NH ]

= 
Δt

N

 2Δ[N ]

= 
Δt

H
2 
 2Δ[H ]

= 
Δt

NH
3 
 3Δ[NH ]

= 
dt

N

 2Δ[N ]

= 
dt

H
2 
 2Δ[H ]

= 
dt

  


 3 2 2Δ[NH ] Δ[N ] Δ[H ]1 1
= +     = - =- 

2 Δt Δt 3 Δt

 3 2 2d[NH ] d[N ] d[H ]1 1
=      = - = - 

2 dt dt 3 dt





-3 s 3

-3 s 





407



2 22NO (g)   +   F2(g)       2NO F(g)

a) NO
2
 F

2

b) NO
2




c) F
2




d) 


 




  2CO(g) + NO (g)     CO(g) + NO (g) 









xA (g) + y(B)  (i)
ABAB


 x yα [A]  [B]


 x y= k [A]  [B]

k
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XyAB
  


x yRate = k [l]  [l]

Rate = k 

k k




  


 x y = k [A]  [B]

 xyABx
+ y
 2 22NO (g) + O (g) 2NO (g) 
 2 1

2 = k [NO]  [O ]

NO O



2 + 1 = 3.

 


2 5 2 22N O  (g)  4NO (g) O (g)
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3/2= k [CH3CHO]






 = k [A]O

 = k

  L.-1 s-1.   k 


= k [A]1




= k [A]2

 k = mol -1 L s-1

nk
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k = (mol )-1)1-n s-1


n = 0 


          



  




A   


 1

d[A]
= k [A]

dt

 k1


 1

- d[A]
=  = k dt

dt


 -1n [A] = k

1
t +i

[A]o T = 0 [A]
 -ln [A] = - ln [A]o,=

  = -1n [A] o


- 1n [A], k

1
t - 1n [A]o

 -1n [A] + 1n [A]o = k
1
t

 o
1

-ln[A]
= k t

[A]
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 1

[ ]l
k =   . in 

t
oA

t



1

[A]2.303
k =   log 

t [A]

1
o

k t
   =  log [A]  - log [A]

2.303

1
o

k t
   = log [A]  log [A]   

2.303


1
o

k t
log [A]  t   =  log [A]

2.303
    
 

k
1
 =


y = mx + c

m clog
10

[A] Vs t k
1 
/2.303)

k
1 




log
10 

Vs t




tt 
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n [A] = 1n [A] -k
1
t 

k
1
t [A] = 1/2 [A]Ot = t1/2




0

o 1 1/2

[A]
1n    = 1n [A] - K t  

2

 
 
 


0

o 1 1/2

[A]
 1n    -1n [A] = - K t

2

 
 
 

1 1/2 1n 1/2 = - K t  

 1/2
1 1

 1n2 0.693
1  = - =

k k 




2H
2
O

2
 (l)     2H

2
O (l) + O

2
 (g)

H
2
O

2
 

M


o[A] 1 
k= 1n

t [A]



o[A] 2.303 
k= log

t [A]

[A] = x kt

-1 2.303 0.20
0.0410 (min ) = log

10(min) x

10.20 10(min)(0.0410 min )
 log  = 0.178

x 2.303
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0.20
log 0.178 1.51anti

x
 



-10.20
x = =0.132 mol litre

1.51

M

H

2
O

2
  0.5 M

M 

o[A]2.303
x = = log 

t [A]

k, [A]
O


1 2.303 0.50
0.0410 min = log 

t 0.10
 

-1

2.303 10.699 2.303
t = log 5 x  min

0.0410 min 0.041

x


t = 39
        


1/2

0.693
t  = 

k

k= 
0.693

t =  min = 16.9 minutes
0.0414


 x

conc,  A = 0.020 Mk 
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2 4 2 2 4 2C H  (g) + I  (g) C H I  (g)


= 3/2

2 4 2K [C H  (g) ] [I  (g)]

a)


b)


c)dm k


C

2
H

5
Clk2.5 x 10-3 

mol L C
2
H

5
Cl
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AB



   AB
E

a
E

a



  k []

  kk
Ea(T)Ea
k

a
 k 




k = Ae-Ea/Rt

A R
k, E  T?
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 y = mx + c

k T-Ea/R 
A 

Ea 
k Ea  t

1



Ea/RT1

1k  = Ae-

t

 -Ea/RT

2k  = Ae

t
1 
t




-Ea/RT1
1

-Ea/RT2
2

k Ae
 = 

Aek 

 a1 2 1

2 1 2

-Ek T -T
1n  = 

k R T -T

 
 
 



a1 2 1

2 1 2

-Ek T -T
log  = 

k 2.303 R T -T

 
 
 



a2 2 1

1 1 2

-Ek T -T
log  = 

k 2.303 R T -T
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Eak
Ea K K 


 -12

1

k
 = 2, R = 8.31 JK

k

T2 = 310 K T1 = 300 K

Ea = ?

 a2 2 1

1 1 2

Ek T -T
log  = 

k 2.303 R T -T

 
 
 



a 2 1
2 -1

1 2

E T -T
log  = 

2.303 x 8.31 JK T -T

 
 
 

Ea = 53.5 kJ



 
C


 KKK 

8.0 x 10-3 lit./molEa 


 KK 
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 H
2
 (g)H

2
O

2
 (l)






• 
• 
• 
• 


• 
• k

1


o[A]l
k =  ln  

t [A]

• 


• EaT
k = Ae Ea/Rt

• 



 vs

(E)a)(Ea)
 2N

2
O

5
 (g)   4NO

2
 (g) + O

2
 (g), N


 0.23s-1 673 K
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 1.00 x 10-3 s-1K  
1.4 x 10-2 s-1 323K

 x 


 
 


 xK

k CalK
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• 
• 
• 
• 
• 
• 
• 
• 






421




        




         











      




422


              






i ) 
i i ) 
iii ) 
iv ) 
i )






         



   



6x0.5x0.5) =

1.5

x6x10. 6 cm 2
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ii)
        
SO


NH

3
H

2


O
2



iii)
272K cm248K45cm3195k10 cmof

N
2
 

          

           



+  +



iv)
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i)
           



10-40 KJ




  


ii)

         
         

kemisorption


kJ
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*



426

misorption 
 Kemisorption

 
 
 
 
kJ kJ


 
 
 
 
 
 


 
 

 



  x/m      x   

m   x/m
x/m

 (p)
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i )


          



(x/m) 

n

x 1
 = k  where n > 1

m p

k
n
        


x 1
log  = log k +  p

m n log 

log p 
logx/m1/n
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i )







i ) 
i i ) 







x ap
 =  

m 1 bp 

AB


x a
 =   (atveryhighpressure)

m h



xm = ap (at very low pressure) 

AB
x 1+bp b l

 =   = +
m ap a ap 



429

1/pm/x 1/a
b/a 


x/mp
x/m p 
x/m




ii )

         



Cx/m


n

x 1
 =  

m k C


x 1

log  = log k +  log  c
m n 

C log x/m
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(T/F)

( i ) 
( ii )

( iii ) 
( iv)
(v) 











i ) 



431




2MnO (S)
3 22 KCIO  (s)  2KCl(s) + 3O (g)

ii ) Cu
 2+ (aq) 

2cu +(aq)
2 2Zn(s) + 2HCl (aq)  ZnCl  (aq) + H (g)

iii )


2cucl (s)
2 2 24HCl(g) + O   2H O(g) + Cl  (g)






4 2 4 2 2 4 4 2 22KmnO +(aq)+3H SO (aq)+5(COOH) (aq) K SO (aq)+2MnSO (aq)+8H O(l)+10CO (g)

 MnSO
4
 

Mn+2  







i ) 
ii ) 








i)
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Fe(s)

2 2 3Mo(s)
N (g) + 3H  (g)  2NH (g)

ii
iiiH

2



 AS

2
O

3



i



ii
  Cu2+ 
          

iii

A 


iv

 

v

A  

vi  
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i) 

( )
2 2 32SO (g)  +  O  (g) 2SO (g)NO g

ii 
+H (aq)

12 22 11 2 2 6 12 6 6 12 6C H O (aq) +H O (g) C H O (aq) +  C H O (aq)

Glucose fructose


 


iNH

3


Fe(s)

2 2 3Mo(s)
N (g) + 3H (g) 2NH (g)


Pt(s)

2 2 32SO (g) + O (g) 2SO (g)





 EaE1a

E (E1a<Ea)
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 Q.No. 2
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• 


• 
• 
• 
• 
• 


• 


• 
• 
• 
• 


• 
• 
• 


 
 
 
 
 
 
 (i)ii
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 Ee




 



 iii
 









i) T, ii) F, iii) F, iv) T, v) T


 
 
 
 


