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1

We think there is color, we 
think there is sweet, we think 
there is bitter, but in reality 
there are atoms and a void.

– Democritus
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1.1 
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4

(Au) (Cu)
(H2) (P4) 

(S8)

(CO2) (C6H12O6)
(H2S)

(NaCl)

 

?

10–10 m 
10–27 kg 

 IUPAC (International Union 
of Pure and Applied Chemistry)  

C-12 

amu u

(ground State)
C-12 
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amu)
Unified atomic mass)

1 amu ( ) 1u ≈ 1.6605 × 10–27 kg.

  (Ar)

  = 

  (Ar)H 

=   
(kg 

)

1.6605 × 10–27 kg

= 
1.6736 × 10–27 kg

1.6605 × 10–27 kg

=   1.0078 ≈ 1.008 u.

35

=      (35 × 77) + (37 × 23)

100    
= 35.46 u

i)  
  (H2)  

 = 2 × ( )

 = 2 × 1.008 u  

 = 2.016 u.

ii)  
 (C6H12O6)

 = (6 × 12) + ( 12 ×1.008) + (6 ×16)

 = 72+12.096+96 

 = 180.096 u

H 1.008 Cl 35.45
C 12 K 39.10
N 14 Ca 40.08
O 16 Cr 51.9
Na 23 Mn 54.94
Mg 24.3 Fe 55.85
S 32.07 Cu 63.55
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?

(C2H5OH)
(KMnO4)

(K2Cr2O7)
(C12H22O11)

158.03g KMnO4

1  6.023 × 1023  

294.18g K2Cr2O7

(1) (2) (3) (2) (3)

1. (C-12) 12 1.9926 10-23 
12

1.9926 × 10-23
= 6.022 × 1023

2. (C6H12O6) 180 29.89 10-23
180

29.89 × 10-23
= 6.022 × 1023

3.
(K2Cr2O7)

294.18 48.851 10-23 
294.18

48.851 × 10-23
= 6.022 × 1023

4.
(KMnO4)

158.03 26.242×10-23
158.03

26.242 × 10-23
= 6.022 × 1023
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12g C-12  6.022x1023 

158.03g 

294.18g 
  

6.022 × 1023 

12g 12 

M
M

 

3 HCl + Al(OH)3  AlCl3  + 3 H2O

2 HCl + Mg(OH)2 MgCl2 + 2 H2O

HCl
HCl 

250mg
250mg

Al(OH)3 250 78 0.0032 0.0096

Mg(OH)2 250 58 0.0043 0.0086

0.0182

HCl 

M
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6.022  1023

gmol-1

6.022 x 1023

 

  : C + O2  CO2

 : CH4 + 2 O2 CO2 + 2 H2O
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u

 gmol-1

u
 gmol-1

273 K   1 bar  
 (STP)

22.71

273 K 1 atm 
 (SATP)

22.4

298 K 1 atm 
 24.5

?

K atm

 g
g g

Zn+H2SO4  ZnSO4+H2  

1
65.38 g

2.016 g

1.008g 

= 65.38
× 1.008 

2.016

= 65.38
2

= 32.69

=  32.69 g eq-1

 
g eq-1
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 =   (g mol-1)

 (eq mol-1)

 

n)

+

E = 
 

H2SO4    = 2 eq mol–1

H2SO4 

          = (2 × 1) + (1 × 32) + (4 × 16)
              =  98 g mol-1

H2SO4    = 
98
2

           =  49 g eq–1

E =
KOH        = 1 eq mol–1                               

KOH       =  (1 × 39)+(1 × 16)+(1 ×1)
                =  56 g mol-1

KOH   =  56
1

 =  56 g eq–1

E =

KMnO4 

KMnO4  
                       =  (1 × 39) +(1 × 55) + (4 ×16)          
       = 158 g mol-1

MnO4
– + 8H+ + 5e– → Mn2+ + 4H2O

n = 5 eq mol–1.

KMnO4  = 
158
5

 = 31.6 g eq–1.
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KMnO4 

  
31.6 g KMnO4 152 g FeSO4 

 

 

10 FeSO4 + 2 KMnO4 + 8 H2SO4 

K2SO4 + 2 MnSO4 + 5 Fe2(SO4)3 + 8H2O

2  (2 × 158 = 316 g)
10 

 (10  × 152 = 1520 g) 

 

      31.6 g KMnO4  1520
316

 × 31.6 

      = 152 g of FeSO4

?

g g

Cr2O7 +14H++6e-  2Cr3+ + 7H2O2-
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C2H4O2

C : H : O
1 : 2 : 1

 CH2O.

1

100

2

3 2

4 3

:

1. 

32 4
64

.

C 32 12
32
12

= 2.66
2.66
2.66

= 1 2

H 4 1
4
1

= 4
4

2.66
= 1.5 3

O 64 16
64
16

= 4
4

2.66
= 1.5 3

C2H3O3

40 6.6
53.4

C 40 12
40
12

= 3.3
3.3
3.3

= 1 1

H 6.6 1
6.6
1

= 6.6
6.6
3.3

= 2 2

O 53.4 16
53.4
16

= 3.3
3.3
3.3

= 1 1

  CH2O

?

C 54.55% H 9.09% O 36.36
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: 

 (n) =

CH
2O

60 30
60
30

= 2 (CH2O) x 2
C2H4O2

H
O 34 17

34
17

= 2 (HO) x 2
H2O2

CH
2O

90 30
90
30

= 3 (CH2O) x 3
C3H6O3

C 2H
3O

3

150 75
150
75

= 2
(C2H3O3) 

x 2 
C4H6O6

CH 78 13
78
13

= 6 (CH) x 6
C6H6

 

60g mol–1

90g mol–1

C-40%, 
H-6.6% ; O-53.4%

(2)

CH2O

 (CH2O) = 12 + (2 1) + 16 = 30 g mol–1.

= = 2n =
60
30

 = (CH2O)2  

    = C2H4O2

           ( )

?
x,y,z

x=32%, 
y=24%, z=44% x, y z

2
1 0.5

400g

x, y z
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30

90
30

= = 3n =

  = (CH2O)3 

    = C3H6O3   

               ( )

(stoichiometry)
 

 

2

1 
6 

1
2× 3  =

 

6   

1 
× 3 =

3 
18   

 

¼ 

½ 

stoicheion metron

 



15

 C(s) + O2 (g) CO2 (g)
1 1

 

 C   O2    CO2

 

0o C  22.4

22.4 

  CH4 (g) + 2 O2 (g) CO2 (g) + 2 H2O(g)

CH4 (g) O2 (g) CO2 (g) H2O (g)

1 2 1 2

1 2 1 2 

×
1 mol × 16 g mol–1 

16 g 
2 mol × 32 g mol–1 

64 g
1 mol × 44 g mol–1 

44 g
2 mol × 18 g mol–1 

36 g

16 g 64 g 22. 4 L 44.8 L

1 × 22.4 L 
22.4 L

2 × 22.4 L
44.8 L

1 × 22.4 L
22. 4 L

2 × 22.4 L
44. 8 L
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 N2(g) + 3 H2 (g)   2 NH3 (g)

 

 

3  H2

2  NH3
× 10  NH3

5

CH4(g) + 2O2(g) → CO2(g) + 2H2O(g)

CH4

 

        CH4

(12) + (4 ×1)  = 16 g –1

 

       H2O

(2×1) + (1 ×16) = 18 g –1

 
36 g H2O

16 g CH4

× 32 g CH4

2
 

 = 72 g 

 CaCO3 (s)  CaO(s) + CO2 (g)

 

1  (100g) CaCO3 
1  CO2 

 CaCO3

(40) + (12) + (3 × 16) = 100 g –1

CO2

  50 g
CaCO3

 

22.7   CO2

100g CaCO3
× 50 g CaCO3

2
 = 11.35  of CO2 

273 K 1 atm 11.2 L 
HCl

HCl 
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 H2 (g) + Cl2 (g) → 2 HCl (g)

HCl

HCl

HCl

 

22.4  Cl2
44.8  HCl

× 11.2  HCl

4

5.    

90%
1 kg CaCo3

CO2

 MgCO3                      MgO + CO2

MgCO3      84 
g mol–1.

84 g MgCO3 24 g

 100 g of MgCO3 

24 g Mg
84 g MgCO3

× 100 g MgCO3 

    = 28.57 g Mg.

= 28.57 %.

84 g MgCO3 12 g 

           MgCO3

(24) + (12) + (3 × 16) = 84 g –1

100 g MgCO3 

 12 g C
84 g MgCO3

×   100 g MgCO3

 = 14.29 g 

   = 14.29 %.

84 g MgCO3   48 g 

100 g MgCO3  
48 g O

84 g MgCO3
×   100 g MgCO3

 = 57.14 g 

= 57.14 %.

 100 % 84 g MgCO3 
44 g  CO2

90 % 1000 g MgCO3

 = 44 g
84 g × 100 %

× 90 % × 1000 g  

 = 471.43 g CO2 

 =  0.471 kg CO2
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8
3

 3
6

18
 2 

 

 
S + 3F2  SF6

 1 3
1

9 

?

2x+3y 4l + m

 8 x 15 y
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.

2 NH3 (g)+ CO2 (g)  H2N–C–NH2 (aq)+H2O(l)

O
| |

 646 g 1.144 kg CO2 

   2 NH3 + CO2  → H2NCONH2 + H2O

NH3 CO2 H2O
2 1 1 1

n =

646
17

= 38
1144
44 = 26

– –

 (2 : 1)
38 19 – –

– – 19 19 

– 7 – –

:

CO2 CO2 

2)  
= x
= 19  × 60 g mol–1

= 1140 g = 1.14 kg
CO2

= CO2 × CO2
= 7  × 44 g mol–1

= 308 g.
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LPG

 

1 : 4 Fe + 3O2  2 Fe2O3

 2 : H2S + Cl2  2 HCl + S

CuO + C  Cu + CO (
)

S + H2  H2S (
).

,

Fe2+  Fe3+ + e–

Cu2++ 2e–  Cu 
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Fe3+

Fe2+

Fe2+

Fe2+

Fe2+

Fe2+

Fe2+

3% 

Fe3+
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 SO4
2– 

i)  H2O –2 [2 (+ 1) + x = 0; x= -2 ] 

ii) H2O2
H2O2

 2 (+ 1) + 2x = 0; 
  2x = –2  ;   
 x = –1

iii) KO2   

– 1
2

 

H2, Cl2, Na, S8 

 Na+

 Cl–
–1

3)

H2SO4

0
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 +1 + 2x  = 0  ;  

2x = – 1 ;   x  = – 1
2

 

iv)  (OF2)  + 2.

 x + 2 (–1) = 0;  x = + 2

7) +1 
+2

1 C CO2
x + 2 (– 2) = 0
x = +4

2 S H2SO4

2 (+ 1) + x + 4 (– 2) = 0
2 + x – 8 = 0
x  = +6

3 Cr Cr2O7
2–

2x+ 7(-2)    = -2
2x-14   = -2
x    = +6

4 C CH2F2

x+ 2(+1)+2(-1)   = 0
x    = 0

5 S SO2
x+ 2(-2)   = 0
x    = +4

. 

2 KMnO4 + 10FeSO4 + 8H2SO4              K2SO4 + MnSO4 + 5 Fe2(SO4)3 + 8H2O
+ 7 + 2 +2 + 3
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 (KMnO4)
Mn

(FeSO4) (Fe2(SO4)3

1. : Combination 

reactions :

 

:

C + O2        CO2

+40

0 -2

2. :

(Decomposition reactions

 

:

2KClO3                                   2KCl  + 3O2
0

-1+5 

-2

3.  

(Displacement reactions

(i) :
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CuSO4 (aq) + Zn(s)       Cu(s) + ZnSO4 (aq)
0+2 0 +2

ii) 

Zn + 2HCl       ZnCl2  + H2
00 +2+1

4.

( Disproportionation reactions)

:

2H2O2          2H2O     +  O2

-1 -2 0

3 Cl2 + 6KOH  5KCl + KClO3 +3H2O
+5-10

5. 

Competitive electron 

transfer reactions)

Cu2+

.
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i)

ii)

FeSO4 + KMnO4+H2SO4 Fe2(SO4)3 + 

MnSO4+ K2SO4+H2O

: 1

 

 

Cu(s) + 2AgNO3 (aq)              Cu(NO3)2 (aq) +2Ag (s)
+20 0+1

>  >

XII
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FeSO4 + KMnO4+H2SO4 Fe2 (SO4)3 
+2 +7 +3

+ MnSO4+ K2SO4+H2O
+2

a)
KMnO4

+7 +2 

b) FeSO4

+2 +3  

: 2

Fe2(SO4)3 
1e- 

5e-

FeSO4 + KMnO4+H2SO4 Fe2(SO4)3
+2 +7 +3

5e- × 21e- × 2

102

+ MnSO4

+ K2SO4+H2O

+2

10 FeSO4+2 KMnO4+H2SO4  

Fe2(SO4)3 + MnSO4 + K2SO4 + H2O

:3

10FeSO4+2KMnO4+H2SO4  5Fe2(SO4)3 + 

2MnSO4 + K2SO4 + H2O

:4 H O

K S
K

 : 10 'S'  (10 
FeSO4)

: 18 'S' 

5Fe2(SO4)3 + 2MnSO4 + K2SO4
15S 1S2S =+ + 18S

8-S 
H2SO4  '8' 

10FeSO4+2KMnO4+8H2SO4 Fe2(SO4)3 

+ 2MnSO4 + K2SO4 + H2O

: 5

'H'   'O' 

'16'-H
 (8H2SO4 i.e. 8 x 2H = 16 'H')

'2' H
(H2O i.e. 1 x 2H = 2 'H')
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H2O
'8' 

10 FeSO4+2 KMnO4+8 H2SO4 

5 Fe2(SO4)3 + 2 MnSO4 + K2SO4 + 8H2O

 

 : 1

 : 2

KMnO4 +FeSO4 + H2SO4 

MnSO4+Fe2(SO4)3 + K2SO4+H2O

+7
MnO-

 + Fe 2+ + H+ 
        Mn2+ + Fe3+ + H2O4

Fe2+  Fe3+ + 1e- ------------------------ (1)

MnO4
   + 5e-  Mn2+ -------------------- (2)

(1)

Fe2+ Fe3+ + 1e- ------------------------- (1)

2)  
4'O'

4H2O 'H'
8H+

 : 3

(6) 
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(1) x 5      5Fe2+  Fe3+ + 5e- --------------------- (4)

(3) x 1   MnO4
    + 5e- + 8H+   Mn2+ + 4H2O ------------------(5)

(4) + (5) 5Fe2++ MnO4
    + 8H+ Fe3+ + Mn2+ + 4H2O------------(6)

  

 

C-12 IUPAC 
C-12

1 1u  ≈ 1.6605×10–27 kg

12g  
12 

?
 8.

As2S3 + HNO3 + H2O  H3AsO4+H2SO4+NO
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 g g g
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I.     .

1. 

40 CO2 40 CO2 80 H2O

60 CO2 60 H2O 120 CO2 

2 X 200X = 90 %,                          
199X = 8 % 202X = 2 %

201 u 202 u

199 u 200 u

A 12.044 1023

R
6.02 1022 

A) R) R) A)
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A) R)

A) R) 

4.

5 9g eq-1

102 g 27 g

270 g 78 g

0.018

6.022 1026  6.022 1023

6.022 1020 9.9 1022

7. 1g
0.44g

0 % 4.4 % 16 % 8.4 %

8. 6.3g 30g
33g

3 0.75 0.075 0.3 

9. STP 22.4 H2 (g) 11.2  Cl2
HCl (g)

2  HCl (g) 0.5 HCl (g)

1.5 HCl (g) 1 HCl (g) 

10.

 Cu+ 2H2SO4  CuSO4 + SO2+2H2O

C+ 2H2SO4  CO2+2SO2+2H2O
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BaCl2 + H2SO4  BaSO4+2HCl

3Mg (s) + N2 (g)  Mg3N2 (s)

 P4 (s) + 3 NaOH+ 3H2O PH3(g) + 3NaH2PO2 (aq)

Cl2 (g)+ 2KI(aq)  2KCl(aq) + I2

Cr2O3 (s) + 2Al (s)  Al2O3(s) + 2Cr(s)

12. 
(MnO4

- + 2H2O+3e- MnO2 +4OH-)

31.6 52.7 

79 

13.    g

5 90

6.022  1023

180
6.022 1024 

14. 0o C atm 7.5g 5.6 L

NO N2O 

CO CO2

15. 1.7 g

6.022 1023 6.022 × 1022

1.7
6.022 × 1024

1.7
6.022 × 1023

1.7

16.
 SO4

2-, SO3
2- , S2O4

2-
, S2O6

2- is

 SO3
2- SO4

2- S2O4
2- S2O6

2-   SO4
2- S2O4

2- S2O6
2- SO3

2-

 S2O4
2- SO3

2- S2O6
2- SO4

2-    S2O6
2- S2O4

2- SO4
2- SO3

2-
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17.  

1 2

3
18. 6.022 6.022 x 1020

19. 22.4 L A B 8g O2 8g
SO2 STP

A B

B

A B 2:1

B A

20. 50 8.5 % AgNO3 100 1.865%

3.59 g 7 g

14 g 28 g

21. 1.1 g 250 c 1 612.5 
mL

66.25 g mol-1 44 g mol-1 

24.5  g mol-1 662.5 g mol-1 

22. 6 g -12

7.5 g 8 g



35

 23.  (C2H4)

 

24. -12

C 12 u
+4

1 12   6.022  1022 

25.

.  6C12  .  7C12   .  6C13  .  6C14

II. 

26. 

27.

28.

29.

30.

31.

 i) [CO(NH2)2]  

 ii)  [CH3COCH3]

 iii) [H3BO3]  

 iv) [H2SO4]

32  STP 1.965 -3  CO2
 

33)

1 1 1 H2O

34
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  (%)

Mg24 23.99 78.99
Mg26 24.99 10.00
Mg25 25.98 11.01

→

x y

x y

x y 

x y  

 i) (C6H12O6)  

 ii) (C8H10N4O2)

 2Al + Fe2O3  Al2O3 +2Fe;  324 g 1.12 Kg

 i) Al2O3

         ii) 
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 i) K2Cr2O7 + KI + H2SO4  K2SO4 + Cr2(SO4)3 +I2+H2O

 ii) KMnO4 + Na2SO3  MnO2 + Na2SO4 + KOH

 iii) Cu+ HNO3  Cu(NO3)2 + NO2+ H2O

 iv) KMnO4+H2C2O4 + H2SO4  K2SO4 + MnSO4 + CO2 + H2O

 .

 i) KMnO4 + SnCl2+HCl  MnCl2 + SnCl4 + H2O + KCl

 ii) C2O4
2  + Cr2 O7

2
  Cr3+ + CO2 ( ) 

 iii) Na2S2O3 + I2  Na2S4O6 + NaI ( )

 iv) Zn +NO3
_
  Zn2+ + NO



38

1. 
2. 

3. 

4. 

5. 
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40

2

(1887 - 1961)
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. 2.1  α-

  

hν 
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ν 

-34

 

1. 

 

1
 

 E2 – E1 =  hν 

ν = (E2 – E1) -------- (2.2)  
h

 

+ 

 r n
Zn = ( . )0 529 2

Å --------------- (2.3)

  E
n

eV atomn   
 Ζ

 =
− −( . )13 6 2

2
1  --------(2.4)

 E
n

kJmoln   
 Ζ

  =
− −( . )1312 8 2

2
1 --------(2.5)
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π

  

 

 

hν

 E = hν  -------- (2.6)

 E = mc2  ---------(2.7) 

 

 hν = mc2

 hc/λ = mc2

λ = h / mc ------------(2.8)

 λ = h / mv ------------ (2.9)

 
-3
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-1

-1

λ  = h/mv  

=  6 626 10
6 626 10

1 10
34 12

1
35.

.
  × =

− −

−
−kgm

kg x ms
x ms

    
     

λ  = h/mv  

=

=

×
× ×

− −

− − 
     72.73 

 

 

6 626 10
9 11 10
6 626
66

34 2 1

31 1
.

.

.

kgm s
kg ms

22 6
10 1 103 5

.
    × ×=− m m 

?

 = nλ 

 2πr  = nλ ------------(2.10)

 2πr  = nh/mv

mvr  = nh/2π  ----------(2.11)

 = nh/2π

-
+

-
+

n=3 n=4

n=5 n=6
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 Δx.Δp ≥ h/4π -------- (2.11)

Δx Δp

Å

Uncertainity in position x     

                    
=

=

Δ
0 5
100
. %

  % 
  

                  =  
  

    

x

x x

0 529

0 5
100

0 529 10 10

.

. .

Α

− mm

x m                      = 0.2645  10  
  

Δ x
From theHeise

−13

nnberg’s uncertainity
principle,

  
 

     Δ Δx p h. ≥
4π

  Δ Δx m v.( . )≥≥

≥

≥
−

 

  
  . 

 

      

  

h

v h
m x

v x
x

4

4
6 626 10

4 3 14

34

π

π
Δ

Δ

Δ

.
.

.
kg m s2 -1

xx x kg x x m

v x
       

 

      
9 11 10 2 645 1031 13

2 189 108

. .

.

− −

≥Δ m

?
2. 

 5.7 × 105 ms-1. 
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Classical 
mechanics

H E
∧

= − − − − − − −Ψ Ψ    ( . )2 12

Ĥ 
Ψ 

 

H h
m x y z

∧
= − ∂

∂
+ ∂

∂
+ ∂

∂
⎛2

2

2

2

2

2

2

28π ⎝⎝⎜
⎞
⎠⎟

+
⎡

⎣
⎢

⎤

⎦
⎥V

− ∂
∂

+ ∂
∂

h
m x8

2

2

2

2

2

π
ψ ψ

yy z
V E2

2

2+ ∂
∂

⎛
⎝⎜

⎞
⎠⎟

+
⎡

⎣
⎢

⎤

⎦
⎥ =ψ ψ ψ

x y z
m

h
E V    ∂

∂
+ ∂

∂
+ ∂

∂
+ − =

2

2

2

2

2

2

2

2
8 0ψ ψ ψ π ψ( )

                                      − − − − − − ( . )2 13

– 8 m
h2
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ψ, 

ψ, 

ψ

|ψ

|ψ  

ψ-

 

E
n

kJmoln   
 Ζ

  =
− −( . )1312 8 2

2
1  
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r n
Zn = ( . )0 529 2

Å 

l 

l

l

l 

l

l l
h  + − − − −( ) ( . )1
2

2 14
π

ml

l

–l l 

l 

l

l

s

’ 
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 l

K 1 2(1)2 = 2 0 2[2(0)+1]
= 2 0 1s

L 2 2(2)2 = 8
0 2 0 2s

1 2[2(1)+1]
=6 -1, 0, +1 2py, 2pz, 2px

M 3 2(3)2 = 18

0 2 0 3s 
1 6 -1, 0, +1 3py, 3pz,3px, 

2 2[2(2)+1]
 = 10

-2, -1, 0, +1, 
+2

3dx2-y2, 3dyz, 

3dz2, 3dzx, 

3dxy

N 4 2(4)2 = 32

0 2 0 4s
1 6 -1, 0, +1 4py, 4pz, 4px 

2 10 -2, -1, 0, +1, 
+2

4dx2-y2, 4dxy, 

4dz2, 4dyz, 

4dzx

3 2[2(3)+1]
 = 14

-3, -2, -1, 0,  
+1, +2, +3

      fy(3x2−y2)

fz(x2−y2), 

fyz2, fz3, 

fxz2, fxyz,  

fx(x2−3y2), 

 

?
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(Ψ) 
θ, φ

Ψ (r, θ, φ) = R(r).f(θ).g(φ) ------ (2.15)

R(r) 

 Ψ 

|Ψ|2 

|Ψ|2 

(ground state) 

n=1 
l=0 1s 

R(r2) Vs r 

 

0.6

0.4

0.2

0

R(r)2

0 5 10 15
r (a0)

R(r2) Vs r 

 

, r=0, R(r)2

 |Ψ|2 

r  r+dr. 

 
(dV) 

r
r+dr

 2.4 

V= 4  πr3 3
dV
dr = 4  π(3r2) 3

 dV = 4πr2dr
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 Ψ2dV= 4πr2Ψ2dr  ---------- (2.16)
 r  4πr2Ψ2 

4
r

2

r (Å)

0.5

0.4
1s

0.3

0.2

0.1

1 3 5 7 9

 2.5 1s 

4πr2ψ2  Vs r - 

0.52Å 

0.1

0.05

0
0 5 10 15 20 25

r (  / Z)

2s

2s 

4
r

2

4πr2ψ2 

               

3s 

4
r

2

3s

0.1

0.05

0
0 5 10 15 20 25

r (  / Z)

4πr2ψ2 Vs r - 

4
r

2

3p
0.1

0.05

0
0 5 10 15 20 25

r (  / Z)

3p 

4πr2ψ2 Vs r - 

4πr2ψ2 Vs r - 

4
r

2

3d 

3d
0.1

0.05

0
0 5 10 15 20 25

r (  / Z)
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4πr2ψ2

l

l

 

l=0 m=0.  f(θ)=1/√2   
g(φ) = 1/√2π  

1/2√π-
θ φ- 

 

x

y

z

1s

x

y

z
1s

x

y

z
2s

z (Node)

y

x

3s
z

y

x

(Nodes)

x

y

z
3s

 l
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l

dx2-y2,  dxy,  dz2,  dyz,  dzx

 = yz

z

y
x

px

z

yx
py

 = xz

z

y
x

pz

 = xy

 2.8 - 2p   

x y

z

3dxy

x y

z

3dyz

x y

z

3dx2-y2

y

z

3dxz
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 2.9 -d   

l

      fy(3x2−y2),  fz(x2−y2),  fyz2,  

fz3,  fxz2, fxyz,  fx(x2−3y2) 

 

z

x

y

z

x

y

z

x

y

z

x

y

z

x

y

z

x

y

z

x

y

 2.10 -f   

?

E
n

kJmoln   
 Ζ

  =
− −( . )1312 8 2

2
1

1s < 2s = 2p < 3s = 3p = 3d <4s = 4p = 4d 
= 4f < 5s = 5p = 5d = 5f < 6s = 6p = 6d = 
6f < 7s

x y

z

3dz2
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l

l

l

l

n l n+l

1s 1 0 1
2s 2 0 2
2p 2 1 3
3s 3 0 3
3p 3 1 4
3d 3 2 5
4s 4 0 4
4p 4 1 5
4d 4 2 6
4f 4 3 7
5s 5 0 5
5p 5 1 6
5d 5 2 7
5f 5 3 8
6s 6 0 6
6p 6 1 7
6d 6 2 8
7s 7 0 7

l

 1s < 2s < 2p < 3s < 3p < 4s <3d <4p 

<5s<4d < 5p < 6s<4f< 5d < 6p < 7s < 5f < 
6d

px, py pz
px, py, pz

(degenerate orbitals) 

(degeneracy)

 (effective nuclear 
charge)

 ‘l’ 

f<d<p<s 
  

s<p<d<f
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2s

1s

2p

3s
3p

En
er

gy
, E

4s 3d
4p

5s
5p 4d

6d7p

6p 5d
4f6s

5f7s

 E2s(H) > 
E2s(Li) > E2s(Na) > E2s(K).

 

l

n 
=1 1s

2s

3s 3p

4s

3d

4d 4f

6s 6p

7s

4p

5s 5p 5d 5f

6d

7p

2pn 
=2

n 
=3

n 
=4

n 
=5

n 
=6

n 
=7

?
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n,l, m  
 s) 

n = 1; l = 0; m = 
0 s = +½.

n = 1, l = 0, m=0 
s = +½.

n = 1, l = 0, m=0 
s = –½

+½ – ½

n l m s

1st 2 0 0 +½

2nd 2 0 0 -½

3rd 2 1 -1 +½

4th 2 1 -1 -½

5th 2 1 0 +½

6th 2 1 0 -½

7th 2 1 +1 + ½

8th 2 1 +1 -½

px, py, 
pz.
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1s2 2s2 2px
1 2py

1  2pz
0

 

?
3+

l

l

[s(l=0), p (l=1), 
d(l=2) f(l=3)] 

n=1; l=s; x=1. 
1s1 

s1

H 1 1s1

1s1

He 2 1s2

1s2

Li 3 1s2 
2s1 1s2 2s1

Be 4 1s2 
2s2 1s2 2s2
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B 5
1s2 
2s2 

2p1 1s2 2s2 2px
1 2py 2pz

C 6
1s2 
2s2 

2p2 1s2 2s2 2px
1 2py

1 2pz

N 7
1s2 
2s2 

2p3 1s2 2s2 2px
1 2py

1 2pz
1

O 8
1s2 
2s2 

2p4 1s2 2s2 2px
2 2py

1 2pz
1

F 9
1s2 
2s2 

2p5 1s2 2s2 2px
2 2py

2 2pz
1

Ne 10
1s2 
2s2 

2p6 1s2 2s2 2px
2 2py

2 2pz
2

 

1s2 2s2 2p6 3s2 3p6 3d4 4s2

1s2 2s2 2p6 3s2 3p6 3d5 4s1

1s2 2s2 2p6 3s2 3p6 3d9 4s2

1s2 2s2 2p6 3s2 3p6 3d10 4s1

 
p2, p5, d4, d9, f6, f13 

p3, p6, d5, d10, f7 f14 

?

[Ar]3d4 4s2 

[Ar]3d5 
4s1
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p3

p6

d5

d10

f7

f14

 px, py  pz  

 

 

2pz

2px

2py

z

x

y

 (Exchange energy)

(exchange energy)

[Ar]3d5 4s1
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[Ar]3d4 4s2 

3d

 

(4+3+2+1 = 10)
5

 

(3+2+1 = 6)
4

?
3+
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λ = =h mv h mev/ / 2  

Δx.Δp ≥ h/4π.  

Ĥψ = Eψ .

H, He+ 

l

(r, θ, φ) 
Ψ (r, θ, φ) = R(r).f(θ).g(φ) R(r)

 4πr2ψ2 Vs r 

l l 
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l

l

l
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 :

I.

1s2 2s2 2p6 3s2 3p6 3d6 

6.67 × 1015J 6.67 × 1011J 4.42 × 10–18J 4.42 × 10–15J

1

 λ
λ

1

2

1=    λ1 = 2λ2 λ λ1 225 50= ×  2λ1 = λ2
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n = 6  n = 1  n = 5  n = 4

n = 5  n = 3 n = 6  n = 5
+

+

dz2, dxz dxz, dyz dz2, dx2-y2  dxy, dx2-y2

[Xe] 4f6 5d1 6s2, [Xe] 4f7 5d1 6s2  [Xe] 4f8 5d1 6s2

[Xe] 4f7 , 6s2, [Xe] 4f7 5d1 6s2  [Xe] 4f9 6s2

[Xe] 4f7 , 6s2, [Xe] 4f8 6s2  [Xe] 4f8 5d1 6s2

[Xe] 4f6 5d1 6s2, [Xe] 4f7 5d1 6s2  [Xe] 4f9 6s2
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2n2 2l + 1 4l + 2

2
2
h

π
  2

2
h

π
2 4
2
× h
π

6
2
h

π
 

l

ns → (n – 2) f → (n – 1)d → np ns → (n – 1) d → (n – 2) f  → np

ns → (n – 2) f → np → (n – 1) d
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   n l m s

 (i) 3 0 0 1
2

 (ii) 2 2 1 1
2

 (iii) 4 3 –2 1
2

 (iv) 1 0 –1 1
2

 (v) 3 4 3 1
2

  (i),  (ii), (iii)   (iv)    (ii), (iv)  (v)

  (i)  (iii)     (ii), (iii)  (iv)

l

30 7 15

3 2 2d
x y

 

0.50 0.75 0.90

  1m
h
π   h

π
    1

2m
h
π

   
h
4π

-1

6.6 × 10–29 cm 6.6 × 10–30 cm 

6.6 × 10–31 cm 6.6 × 10–32 cm
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4 0.2 2.5

E
3 E

9 –9E

H E   ∇ + + =2
2

2

8 0ψ π ψm
h

E V( )  

 ∂
∂

+
∂
∂

+
∂
∂

+ − =
2

2

2

2

2

2 2

2 0ψ ψ ψ
ψ

x y z
m
h

E V( )  

Δ Δ ≥x p h. 4π    Δ Δ ≥x v h
m. 4π

Δ Δ ≥E t h. 4π   Δ Δ ≥E x h. 4π

II. 

    
  (         (         
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3px 4dx2-y2

Δv = 0.1% V = 2.2 106 ms-1

l

En = -13.6
ev atom-1

n2

Δ

Å 

 i) n = 4, l =2,   ii) n =5, l = 3   iii) n=7, l=0

3+
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  He+ (g) → He2+ (g) + e-  

2.85 108 ms-1

Å 1.673  10-27 Kg)

-1

o

/ 4
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n l m
? ? 0 4d
3 1 0 ?
? ? ? 5p
? ? -2 3d
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 H E
∧

=Ψ Ψ   

) 

 

2 
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• 

• 

• 

• 
IUPAC 

• s, p, d f

• 

• 

• 

• 

• 

• 

3

"An awareness of the 
periodic table is essential 
to anyone who wishes to 
disentangle the world and see 
how it is built up from the 
fundamental building blocks 
of the chemistry the chemical 
elements "

- Glenn T. Seaborg
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(sulphur) (light)

(phosphorus)
 caloric (heat)

charcoal 
(carbon) oxygen

azote 
(nitrogen)

(hydrogen)

(cobalt, mercury, 
tin)

lime (calcium oxide)

(copper, nickel, 
iron)

magnesia (magnesium 
oxide)

(gold, lead, silver, 
zinc)

barytes (barium 
sulphate)

(manganese, 
tungsten)

argilla (aluminium 
oxide)

platina 
(platinum) silex (silicon dioxide)

  



75

J.W.

[Fe, Co, Ni], [Ru, Rh, Pd], 
[Os, Ir, Pt]

1 Li, Na, K 23
7+39

2
= 23

2 Cl, Br, I 80
35.5+127

2
= 81.25

3 Ca, Sr, Ba 88
40+137

2
= 88.5
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0 

 1

7Li 9Be 11B 12C 14N 16O 19F

23Na 24Mg 27Al 29Si 31P 32S 35.5Cl

39K 40Ca
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1. 68 70 72 72.59

2. gcm-3 5.9 5.94 5.5 5.35

3. 29.78°C 947°C 

4. E2O3 Ga2O3 EO2 GeO2

5. ECl3 GaCl3 ECl4 GeCl4

59
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X 

X –

 υ = −( )a Z b

‘Z’ ‘X’
‘a’  ‘b’  ‘a’  

‘b’ 

 υ Z
X
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K,L,M,N,O,P

Li 3 2, 1 2s1

Na 11 2, 8, 1 3s1

K 19 2, 8, 8, 1 4s1

Rb 37 2,8,18,8,1 5s1

Cs 55 2, 8, 18, 18, 8, 1 6s1

Fr 87 2, 8, 18, 32, 18, 8, 1 7s1

 ‘ns1’
ns2np6

‘n’

?
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82

0 1 2 3 4 5 6 7 8 9
nil un bi tri quad pent hex sept oct enn

(Abbreviation)
n u b t q p h s o e

‘enn’ ‘nil’  ‘enn’  ‘n’
 (enn+nil= enil) ‘ium’ ‘bi’ ‘tri’ 

 ‘i’  (bi+ium=bium; 
tri+ ium= trium)

101 Unnilunium Unu Mendelevium Md
102 Unnilbium Unb Nobelium No
103 Unniltrium Unt Lawrencium Lr
104 Unnilquadium Unq Rutherfordium Rf
105 Unnilpentium Unp Dubnium Db
106 Unnilhexium Unh Seaborgium Sg
107 Unnilseptium Uns Bohrium Bh
108 Unniloctium Uno Hassium Hs



83

109 Unnilennium Une Meitnerium Mt

110 Ununnilium Uun Darmstadtium Ds

111 Unununium Uuu Roentgenium Rg

112 Ununbium Uub Copernicium Cn

113 Ununtrium Uut Nihonium Nh

114 Ununquadium Uuq Flerovium Fl

115 Ununpentium Uup Moscovium Mc

116 Ununhexium Uuh Livermorium Lv

117 Ununseptium Uus Tennessine Ts

118 Ununoctium Uuo Oganesson Og

?

‘ns1’

‘ns2, np6’

‘n’
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1 1s 1s 2 H – 1s1 He – 1s2

2 2s 2p 8 Li – 2s1 Ne– 2s22p6

3 3s 3p 8 Na – 3s1 Ar – 3s23p6

4 4s 3d 4p 18 K – 4s1 Kr– 4s24p6

5 5s 4d 5p 18 Rb – 5s1 Xe – 5s25p6

6 6s 4f 5d 6p 32 Cs – 6s1 Rn – 6s26p6

7 7s 5f 6d 7p 32 Fr – 7s1 Og – 7s27p6

4

f
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(4f1-14,5d0-1,6s2) (5f0-14, 6d0-2, 7s2)  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

ns
1

ns
2

ns
2 

(n
-1

)d
1

ns
2 

(n
-1

)d
2 

ns
2  (n

-1
)d

3

ns
1  (n

-1
)d

5

ns
2 

(n
-1

)d
5

ns
2 

(n
-1

)d
6

ns
2 

(n
-1

)d
7

ns
2 

(n
-1

)d
8

ns
1  (n

-1
)d

10

ns
2  (n

-1
)d

10

ns
2  n

p1

ns
2  n

p2

ns
2 

np
3

ns
2 

np
4

ns
2 

np
5

ns
2 

np
6

4f 1-14 5d0-1 6s2

5f 0-14 6d0-2 7s2

?
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r

 

d

r

r = d
2

 
Cl2  

Å  

 dCl-Cl   = rCl + rCl

dCl-Cl   = 2rCl

rCl   = 
dCl-Cl

2

  = 
1.98

2
      = 0.99Å

 

Cl Cl1.98Å

 dA-B = rA + rB - 0.09 ( A- B)

A B
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A
B

A B
Å.

dH-Cl Å

Å

dH-Cl = rH + rCl - 0.09 ( Cl - H)

1.28 = rH + 0.99 - 0.09 (3 - 2.1)

1.28 = rH + 0.99 - 0.09 (0.9)

1.28 = rH + 0.99 - 0.081

1.28 = rH + 0.909

rH = 1.28 - 0.909 = 0.317 Å

Å.

2.56
2

= 1.28 Å

 

(Variation 

in Periods)
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Z  = Z - S  

 

 (1s) (2s, 2p) (3s, 3p) (3d) (4s, 4p) 
(4d) (4f) (5s, 5p)...

 

 

3.12

n 0.35 
(0.30 – 1s 

0.35

(n-1) 0.85 1.00

(n-2) 1.00 1.00
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n 0 0.35 0

(n-1) & 18 1 18

S  18

Z  = Z - S      i.e. =21 - 18     

Z  = 3

Li3 1.30 167

Be4 1.95 112

C6 2.60 87

N7 3.25 67

O8 3.25 56

F9 4.55 48

Ne10 5.85 38*

* 

 
1s2, 2s2, 2p6, 3s2, 3p6, 4s2, 3d1,

(2s,2p)8

(n-2)

(4s)2

n

(3s,3p)8 (3d)1

(n-1)

(1s)2

(n-3)

(n) 1 0.35 0.35

(n-1) 9 0.85 7.65

(n-2) & 10 1 10.00

S  18.00

 Z Z - S Z  = 
21- 18  Z  = 3 

(2s,2p)8

(n-2)

(4s)2(3s,3p)8 (3d)1

        (n-1)       n

(1s)2

(n-3)
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?

(variation in group)

 
 

(Å)

Li L (n=2) 1.34

Na M (n=3) 1.54

K N (n=4) 1.96

Rb O (n=5) 2.11

Cs P(n=6) 2.25

2.5

Li Na
K Rb Cs2

1.5
1

0.5

0 10 20 30 40 50 60

(Å
)

 

 Be (0.89),               
Mg (1.36), Ca (1.74), Sr (1.91) 
Ba(1.98) 

F (0.72), Cl 
(0.99), Br (1.14), I (1.33)  

 Na(1.57), 
Mg(1.36), Al (1.25), Si(1.17), P(1.10), 
S(1.04), Cl(0.99)

 : 
K(2.03), Ca(1.74), Sc(1.44), Ti(1.32), 
V(1.22), Cr(1.17), Mn(1.17), 
Fe(1.17), Co(1.16), Ni(1.15), 
Cu(1.17), Zn(1.25), Ga(1.25), 
Ge(1.22), As(1.21), Se(1.14), Br(1.14)
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d = rC+ + rA–  ------------------ (1)
+ 

rC+,  rA– 

+

F

i.e. rC+ 
1

(Z )C+
(2)

rA–  1
(Z )A–

(3)

rc+
=

(Z  A–
-------- (4)

rA– (Z  C+

C
+

-----------(5)

--------(6)
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?

X3+, Y2+ Z-

KJmol-1 eV

M(g) + IE1  M+
(g) + 1 e-

IE1

(Successive ionization energies)

 M+
(g) + IE2  M2+

(g)+ 1 e-

 IE1 < IE2 < IE3 < ..... 
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1

2500

kJ
 m

ol
-1

2000

1500

1000

500

0
1 2 3 4 5 6 7 8

Li

Be

B

C

N

O

F

Ne

1
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 kJ
 m

ol
-1 Li

Na

K
Rb

Cs

600

550

500

450

400

350

300
0 10 20 30 40 50 60

?

1

IE1 (kJ mol-1) IE2 (kJ mol-1)

X 2370 5250
Y 522 7298
Z 1680 3381

kJ mol-1 

 
A + 1 e-  A- + EA 

Li

Be
B

C

N

O

F

Ne

-400
-350

-300

-250

-200
-150

-100
-50

0

50

100
150

0 2 4 6 8 10 12

kJ
 m

ol
-1
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5

 

F

Cl

Br

I

At

-400
-380
-360
-340
-320
-300
-280
-260
-240
-220
-200 0 10 20 30 40 50 60 70 80 90

  
kJ

 m
ol

-1

?

kJ mol-1 
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 (χA – χB ) = 0.182 √EAB – (EAA*EBB)½

 EAB, EA EBB

4.5

4

3.5

3

2.5

2

1.5

1

0.5

0
0 2 4 6 8 10

Li

Be

B

C
N

O

F

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.
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Li

Na

K Rb

Cs

1.1

1

0.9

0.8

0.7

0.6

0.5
0 10 20 30 40 50 60
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Li 1 1 N 5 3, 5

Na 1 1 P 5 3, 5

K 1 1 As 5 3, 5

Rb 1 1 Sb 5 3, 5

Cs 1 1 Bi 5 3, 5

Fr 1 1

Li Be B C N O F Ne

1 2 3 4 5 6 7 8

1 2 3 4 5, 
3

6, 
2

7, 
1 8, 0  
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Li Be  B C

Na Mg Al Si

 

4 Na + O2 → 2 Na2O
2 Cl2 + 7 O2 → 2 Cl2O7

Cl2O7

Na2O + H2O → 2NaOH 

Cl2O7 + H2O → 2 HClO4  



101

 

Be(OH)2 + HCl → BeCl2 + 2H2O
Be(OH)2 + 2 NaOH → Na2BeO2 + 2H2O

 

  : 
Be (1.6), Mg (1.2), Ca (1.0), Sr (1.0) 
Ba(0.9) 

 : F (4.0), Cl 
(3.0), Br (2.8), I (2.5)  

 : Na(0.9), 
Mg(1.2), Al (1.5), Si(1.8), P(2.1), 
S(2.5), Cl(3.0)

: K(0.8), 
Ca(1.0), Sc(1.3), Ti(1.5), V(1.6), 
Cr(1.6), Mn(1.5), Fe(1.8), Co(1.9), 
Ni(1.9), Cu(1.9), Zn(1.6), Ga(1.6), 
Ge(1.8), As(2.0), Se(2.4), Br(2.8)
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1. 

 ) bibibiium   ) bididium   ) didibium  )bibibium  

5

 ) AB    ) AB2   ) A2B   ) 

differentiating electron
anti penultimate shell)

 ) p-    ) d-

) s-    ) f-

 ) I < Br < Cl < F 

 ) Li < Na < K < Rb 

 ) Al3+ < Mg2+ <Na+ <F- 

 ) B < C < O < N 

 )   )    )    ) 

(kJ mo1-1).

 
IE1 IE2 IE3 IE4 IE5

577.5 1,810 2,750 11,580 14,820
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         Na  >  Al  >  Mg >  Si >  P      ) Na <  Al < Mg < Si < P 

      ) Mg > Na > Si > P > Al               )  Na < Al < Mg < P < Si

  Al < O < C < Ca < F     Al < Ca < O < C < F 

  C < F < O < Al < Ca    Ca < Al < C < O < F 

  I > Br > Cl > F      F > Cl > Br > I 

  Cl > F > Br > I      Br > I > Cl > F
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 1s2, 2s2, 2p6,3s1    1s2, 2s2, 2p6,3s2 

  1s2, 2s2, 2p6,3s2, 3p6,4s1   1s2, 2s2, 2p6,3s2,3p1

. Mg-  IE1  IE2  179  348 kcal mol-1   Mg  Mg2+ + 2e-

 +169 kcal mol-1    - 169 kcal mol-1

+ 527 kcal mol-1   - 527 kcal mol-1

  s>p>d>f   s>p>f>d   f>d>p>s   f>p>s>d

H- > H+ > H   Na+ > F- > O2-   F > O2- > Na+  
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+

 
 10
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1s2, 2s2, 2p6 1s2, 2s2, 2p6, 3s2, 3p1 

1s2, 2s2, 2p6, 3s2, 3p6 1s2, 2s2, 2p1

+

Å

0.02eV 0.80e
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110

4

.

 

Hydrogen, third most 
abundant on the surface 
of the Universe, is being 
visualised as the major 
feature source of energy

(1743-1794)

1787
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H2

  

+

K+ +

+

2 2O2 2

2

2O2 2

-

-

 ½ H2 + e− →  H−      ΔH = + 36 kcal mol-1

 ½ Br2 + e− → Br−      ΔH = - 55 kcal mol-1 
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2 2 2

H D T

1.008 2.014 3.016

1 / 1 / 0 1 / 1 / 1 1 / 1 / 2

H2 D2 T2

99.985 0.015  ~10−16

2.016 4.028 6.032

13.96 18.73 20.62

20.30 23.67 25.04

74.14 74.14 74.14

33.19 38.35 40.60

† 435.9 443.4 446.9

†
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2 2

 

 

iron

: 2OH-→H2O+½O2+2e-

 : 2 H2O+2 e-→2OH-+H2 

 :   H2O → H2 + ½ O2 

iron tin

 Zn  + 2 HCl  →  ZnCl2  +  H2   

(zinc)
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CH4 + H2O  
  CO  +  3H2

 

iron
copper

  CO +  H2O  CO2  + H2      

2

CO2 + K2CO3 + H2O  2 KHCO3

1.6X10–4

2

2

2

2 22 2 2D O D OElectrolysis⎯ →⎯⎯⎯ +

  3
6

0
1

2
4

1
3Li n He T+ → +
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  2 H2   + O2  2 H2O 

  H2 + X2   2 HX    (X = F, Cl, Br & I) 

2 Li + H2   2 LiH

2 Na + H2   2 NaH 

4 LiH + AlCl3  Li[AlH4] + 3 LiCl

4 NaH + B(OCH3)3  Na[BH4] + 3 CH3ONa

HC CH H C CH H C CHNi H Ni H≡ ⎯ →⎯⎯ = ⎯ →⎯⎯ −/ /2 2
2 2 3 3

2 D2 + O2  2 D2O
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D2 + X2   2 DX

(X = F, Cl, Br & I) 

CH4 + 2 D2  CD4 + 2 H2

2 NH3 + 3 D2  2 ND3 + 3 H2

 1
3

2
3

1
0T He e→ +−

 
N2 + 3H2

380-450 C

200 atm/ (Fe)

2 NH3

  

CO + 2H2 CH3OHCu    

Pt/H2 

4.  

 

 CuO + H2   Cu + H2O

 WO3 + 3 H2   
 W + 3 H2O

.
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HH

O

 H2O

HH

O

 H2O
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H
2
O D

2
O T

2
O

18.015 20.028 22.0312

 
(K) 273.0 276.8 277.5

 
(K) 373.0 374.4 374.5

(K)

277.0 284.2 286.4

(gcm-3)
1.000 1.106 1.215

  
(gcm-3) 0.997 1.104 1.214

(mm Hg)
23.75 20.51 19.80

 
(cP) 0.890 1.107 ---

        78.39 78.06 ---

  
(kJ/mol)

− 285.9 − 294.6 ---

 
(kJ/mol)

40.66 41.61 ---

298 K 
.

 

 2Na + 2 H2O  2 NaOH + H2

Ba + 2H2O  Ba(OH)2 + H2  

 3Fe + 4H2O  Fe3O4 + 4H2
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2

 Cl2 + H2O  HCl + HOCl

 2F
2
 + 2 H

2
O  4HF + O

2

 CO3
2− + H2O  HCO3

− + OH− 

3

. 

 NH3 + H2O  NH4
+ + OH− 

 HCl + H2O  H3O+ + Cl−

 SiCl4 + 2 H2O  SiO2 + 4 HCl

 P4O10 + 6 H2O  4 H3PO4

 

[Cr(H2O)6]Cl3 – 

 BaCl2.2H2O  – 

 

 CuSO4.5H2O – 

2 4]SO4 2
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O Cu S H

iron

Ca(HCO3)2  CaCO3 + H2O  + CO2 

Mg(HCO3)2  MgCO3  + H2O + CO2 

MgCO3 + H2O  Mg(OH)2  +  CO2 

Ca(HCO3)2 +  Ca(OH )2   2CaCO3 + 2H2O 

Mg (HCO3)2 + 2 Ca(OH )2

  

2CaCO3  + Mg(OH)2 +2 H2O 
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MCl2 + Na2CO3  MCO3 + 2 NaCl
MSO4 + Na2CO3  MCO3 + Na2SO4

2 2O3 2 2

2+ 2+

2

 

 Na2-Z + M2+  M-Z+ 2 Na+ 

2+ 2+

 

M-Z + 2NaCl → Na2-Z + MCl2 

Ca2+/Mg2+

Ca2+/Mg2+

Na+

+

+

N
aC

l

Na+

2
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2 2

2

M2+ + 2RCOONa    (RCOO)2M + 2Na+  
   M = Ca or Mg 
   R = C17H35

2

2NaOH  +  D2O  2NaOD  + HOD

HCl  +  D2O  DCl  +  HOD

NH4Cl  +  4D2O  ND4Cl  + 4HOD

2

H3PO2 + D2O   H2DPO2 + HDO

Al4C3  + 12D2O   4Al(OD)3 + 3CD4                        

CaC2  +  2 D2O  Ca(OD)2  +  C2D2            

Mg3N2  +  6D2O  3Mg(OD)2  +  2 ND3

Ca3P2  +  6D2O   3Ca(OD)2  +  2PD3



123

2O2

BaO2 + H2SO4  BaSO4 + H2O2 

Na2O2 + H2SO4  Na2SO4 + H2O2

O

+ H2O2

40% H2O2 

H2O2+ 

+ O2

+ H2O

+ H2

O

O

OH
C2H5

C2H5

C2H5

O OH

2O2

H2O2   H2O + ½O2

H2O2 + 2 H+ +2 e-  2 H2O (E0 = + 1.77 V)
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2FeSO4+H2SO4  + H2O2  Fe2(SO4)3 + 2H2O 

HO2
- + OH- O2 + H2O + 2 e- 

    (E0 = + 0.08 V)

2KMnO4 (aq) + 3 H2O2 (aq) 

2MnO2 + 2 KOH + 2 H2O +3O2 (g)

3 2 3 2

PbS + 4H2O2  PbSO4 + 4 H2O

H

0.95 A 94.8o

1.47  A
H

115.5o

H

A0.98 101.9o

1.46  A
H

90.2o

O H

 4.5 H
2
O

2 

2O2

 OH– 
 (dihedral)

2O2
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o 

4 4

-

n+

2 Li + H2  2 LiH

2 Ca + H2   2 CaH2  

2

3 2

4

2 4 4
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2

2

2

2 2

=

=

O
HO OO C

N O

H H
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–

++

–
–

+

+
+

+

O H
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1670

1700 

1766

1780  

1783

1800  

1801  

1806  

1811  

1818
2

1834  

1866

1897 
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1898 

1909

1910 

1913 

1924

1931 

1932

1932

1934 

1935 

1947
4

1950

1967

1971

1990 

2000
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2 Pd (s) + H2 (g) → 2 PdH (s).  

H2 
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s1.
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3O+

2 2 2 2

0 
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4 8.  g

  Ca(HCO3)2   Mg(HCO3)2  CaCl2   MgCO3

2O2

2O2 2

2O2 2

2O2 2

2O2 2
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2O 4
2-

2 2

4 2O2

1
2

3
2  

5
2

7
2

2O2

  

2 2O2

3 2 3 3

3 2 2 2 2
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II. 

4 2O2

3 2

2
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3

3

3 2

2 2O2
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1H
1

H, D, T

1D
2

1T
3
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5.1 s-

1

2 s-

5
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5.2

 
al-qaliy  alkali

5.2.1 
:

21

0.0018 35
3

2.27 7

1.84 8

0.0078 23

0.00026 46

5.1  Li, Na K
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ns

5.2

  

Li 3 [He]2s1

Na 11 [Ne]3s1

K 19 [Ar]4s1

Rb 37 [Kr]5s1

Cs 55 [Xe]6s1

Fr 87 [Rn]7s1

+

+

 5.3 

Li Na K Rb Cs

1.52 1.86 2.27 2.48 2.65

  0.76 1.02 1.38 1.52 1.67
181 98 63 39 28.5
1347 881 766 688 705

520.2 495.8 418.8 403.0 375.7

 
)

1.0 0.9 0.8 0.8 0.7

 0.54 0.97 0.86 1.53 1.90

M+/M 

 
E0 (V)

-3.04 -2.71 -2.92 -2.93 -2.93

 
  

-506 -406 -330 -310 -276
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LiClO4

NaClO4 KClO4 RbClO4 

12
CsClO4 LiClO4

Li+

Li+ Na+ K+ Rb+ Cs+

-519
-406 -322 -293 -264

 (kJ mol-1)

 5.4 

(nm)
 670.8

589.2
766.5

 780.0

455.5
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5.2.2 

 Li+

d-

 5.5 

Li3N

  
2Li + 2C --> Li2C2

Na + C2H2 --> Na2C2
+ H2

 5.6 

1

2

3 , Li3N  Mg3N2 

4  Li2O 
 MgO  
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5

CO2 

6

7

LiCl  MgCl2 

 LiCl2.H2O 
 MgCl2.8H2O 

 –1  (Li)
 –2 
(Mg) 

  (r Li+  = 0.766 Å   Mg2+ 
= 0.72 Å) 

(Li = 1.0;  Mg = 1.2)
. 

5.2.3 

Li Cs

4 Li +O2      2Li2O 

2 Na +O2  Na2O2

M + O2  MO2  
(M= K, Rb,Cs; MO2  

673 K 
1073K 

, Li  Cs 

2M + H2  2 M+H-   
(M = Li, Na, K, Rb, Cs)

Li
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MX 

2M + X2   2 MX  
(M= Li, Na, K, Rb, Cs) (X= F, Cl, Br, I)

Li+

(Hg 104 Ω-1 

0.5 x 104 Ω-1). 

M + (x + y)NH3 

[M(NH3)x ]+ + [e(NH3)y ]−

M+ + e −+ NH3  MNH2+  ½H2

2 Li  + 2 H2O  2 LiOH+  H2

2 Na + 2 C2H5OH  2 C2H5ONa + H2

H-C C-H Na  H-C C-Na

                              Na-C C-Na

N
a
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M(s)  M+
(g) + e–

2 Li + 2C   Li2C2

(white 
metal)

iii. Pb(Et)4  Pb(Me)4 
  Na/Pb 
  

 (anti-knock)

 (soft 
soap)

M2O

M2O + H2O  2 MOH
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 H2O2 

M2O2+2 H2O 2MOH+H2O2

(M = Na, K, Rb, Cs)

2 MO2 + 2 H2O  2 MOH + H2O2 + O2 

(M = K, Rb, Cs)

    M2O, M2O2 

 MO2 

MX 
(X= F,Cl,Br,I)

(HX)
Li  Cs

Li  Cs
LiBr LiI 

LiF

LiF

   ( Li+

F- )  
LiBr  LiI 

(M2CO3) 
1273K

Li2CO3

Li2CO3 
Δ Li2O + CO2                 
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+
CO3

-2

M2CO3 + CO2 + H2O  2 MHCO3 

(M = Na, K, Rb, Cs)

5.3.1

Na2CO3.10H2O  
( )  

2NH3 + H2O + CO2  (NH4)2CO3

(NH4)2CO3  + H2O + CO2  2 NH4HCO3 

2 NH4HCO3 + NaCl   NH4Cl + NaHCO3

2 NaHCO3  Na2CO3 + CO2 + H2O 

373 K 

Na2CO3·10H2O  Na2CO3·H2O + 9H2O

Na2CO3·H2O  Na2CO3 + H2O 
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  NaCl ( 

) 

2.7-2.9% 

50

HCl

   1081K 

 . 

273K  100g  

36.0g 

     
  .

  3 

:  Na+ + e–  Na(amalgam)

: Cl–  ½ Cl2 ↑+ e– 

2Na(amalgam)+2H2O 2NaOH+2Hg+H2↑

 (translucent) 
  (deliquescent) 

  
591K

 
  

CO2   Na2CO3 
.  
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: 

 (NaHCO
3
)

 

5.4 

 70kg 
 

5g  0.06g

90g  
 

 ATP
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 5.7

Be 2.0  
Be3Al2Si6O18

Mg 27640
  

(KCl.MgCl2.6H2O)
 

MgCO3 CaCO3

Ca 1.84  
3(Ca3(PO4)2CaF2)

Sr 384 SrSO4

Ba 390  BaSO4

5.5.1. 

10
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ns2 ‘n’

 5.8 

 

Be 4 [He]2s2
Mg 12 [Ne]3s2
Ca 20 [Ar]4s2
Sr 38 [Kr]5s2
Ba 56 [Xe]6s2
Ra 88 [Rn]7s2

+2
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‘p’

 5.9 

Be Mg Ca Sr Ba

(Å)
1.12 1.60 1.97 2.15 2.22

0.27 
(0.31)

0.72 1.00 1.18 1.35

 (kJ 
mol-1)

899.5 737.8 589.8 549.5 502.9

 (kJ 
mol-1)

1757.1 1450.7 1145.5 1064.2 965.2

 (kJ 
mol-1)

– 2494 – 1921 –1577 – 1443 –1305

 
(0 C)

1287 651 851 789 729

 
(0 C)

2472 1090 1494 1382 1805

 (g 
cm-3)

1.84 1.74 1.55 2.63 3.59

M+/M 

EѲ

-1.97 -2.36 -2.84 -2.89 -2.92

1.6 1.2 1.0 1.0 0.9

89
9

73
8

59
0

55
0

50
3

RaBa

Sr
Ca

Mg

(IE1)
(IE2)



153

Be > Mg > Ca > Sr > Ba

: MgCl2  CaCl2 
 MgCl2  , 6H2O  CaCl2 

6H2O   
.   NaCl  KCl 

  
.

 
(nm)
622

689
554

 

 

 5.7 

 5.8

5.5.2 
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5.11

 5.11 

 (rBe2+  = 
0.45 Å   rAl3+ = 0.54 Å)

(Be2+  = 2.36   Al3+ = 2.50)

(Be = 1.5; Al = 1.5)

 5.12

1
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2

 [Be(OH)4]2- 

 [Al(OH)4]−

3  
(BeF4 

2−, AlF6
3−) 

4

5

6

5.5.3.

M + X2    MX2   

(M= Be, Mg, Ca, Sr, Ba, Ra , 

X = F, Cl, Br, l )

(NH4)2BeF4  
 BeF2 

 .  BeCl2 

 
BeO + C + Cl2    BeCl2   + CO600 − 800K

 MH2

.  BeCl2 LiAlH4
 

BeH2

2BeCl2 + LiAlH4   2BeH2   + LiCl + AlCl3

5.5.4. 
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2.  (Copper) 
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BeO MgO

BeO MgO
CaO SrO

BaO
Be2+

BeO

  

 

2 BaO +O2    2 BaO2 

 BeO 

MO + H2O →M(OH)2

Be(OH)2 + 2 NaOH  →  Na2BeO2 +2H2O

Be(OH)2 + 2HCl        →     BeCl2     +2H2O

MX2
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M +X2  MX2

5.9

BeCl2

1200k

 

  (  MgCl2.8H2O, 
CaCl2.6H2O, SrCl2.6H2O  

BaCl2.2H2O).

Be Be Be Be Be Be

Be Be Be

MO+CO2 

 5.13 

(oC) (oC)
Be 25 500
Mg 540 895
Ca 900 1149
Sr 1290 1374
Ba 1360 -

  BeSO4  MgSO4  
 .   BaSO4

. Be2+ 
 Mg2+ 
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5.6.1. 

 (CaO)

1070 – 1270K 

CaCO3       CaO + CO2

 
.   

2870 K.  

CaO + H2O  Ca(OH)2

CaO + CO2  CaCO3

CaO + H2O  Ca(OH)2

 

.   SiO2  
P4O10

CaSiO3  Ca3(PO4)2
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CaO + SiO2  CaSiO3

6CaO + P4O10  2Ca3(PO4)2

5.6.2. 

Ca(OH)2 + CO2  CaCO3 + H2O

 CO2 

CaCO3 + CO2 + H2O  Ca(HCO3)2

2Ca (OH)2 + 2Cl2  

CaCl2 + Ca(OCl)2 + 2H2O

5.6.3  (CaSO4.2H2O)
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(retrograde 
Solubility)

1.5 2
2.3 2.4

 
5000 



162

300

+

 5.13 

(Plaster of Paris), 

(CaSO
4
·½H

2
O) 

. , 
(CaSO4.2H2O) 393K 

2CaSO4 .2H2O(s) 2CaSO4 .H2O+ 3H2O
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 393K

 CaSO4 

.

5
15

5.7 

 25g 
1200g  

ATP

DNA

 (neuromuscular 
irritation) 
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s s
ns

ns

+
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I.    

1.   
 : Li > Na > K > Rb 

 : Li > Na > K > Rb

 .  Li < Na < K < Rb

  : Li < Na < K < Rb

+

 . KO2 K  +1.

. Na/Pb

. MgSO4 

.  

4.  

 M+(g) AqueousMedium  M+(aq) 

 .Na  .Li  .Rb     . K

5. 
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6. RbO2 

7. 

9. 

 ) MF < MCl < MBr < MI

 ) MI < MBr < MCl < MF

 ) MI < MBr < MF < MCl

10. 
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11. , CaC2  (NEET-Phase I) 

 ) Ca(CN)3  ) CaN2  ) Ca(CN)2  ) Ca3N2

12. 

 ) MgCl2  ) CaCl2  ) BaCl2  ) SrCl2

13. 

 (p)   (1)  

 (q)   (2) 

 (r)   (3) 

 (s)   (4)  

 (t)   (5)  

 (u)  (6) 

 ) p - 2, q - 1, r - 4, s - 5, t - 6, u - 3

 ) p - 1, q - 2, r - 4, s - 5, t - 6, u - 3

 ) p - 4, q - 1, r - 2, s - 3, t - 5, u - 6

 ) p - 6, q - 5, r - 4, s - 3, t - 1, u - 2

14 .
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15.   : BeSO4  ,  BaSO4 

  :  Be  Ba 

16. 

 ) BaCO3 > SrCO3 > CaCO3 > MgCO3

 ) MgCO3 > CaCO3 > SrCO3 > BaCO3

 ) CaCO3 > BaCO3 > SrCO3 > MgCO3

 ) BaCO3 > CaCO3 > SrCO3 > MgCO3

17. 

 

. Be2C 

18.  

 

19.    (A)   CO2  , 
 HCl 

  CO2 A 

 ) Na2CO3  ) NaHCO3  ) CaCO3  ) Ca(HCO3)2
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20.  (X)
 (B)  (B)

 CO2   (C ) . (C)
(X)  .  (B)  

 )CaCO3  ) Ca(OH)2  ) Na2CO3  ) NaHCO3

21.

Ca2+

Mg2+

Mg2+

Ca2+

22.

3

23. 

 ) CaSO4 . 2H2O    ) CaSO4 . ½ H2O 

 ) 3 CaSO4 . H2O    ) 2CaSO4 . 2H2O

24. CaC2 

 ) Ca(CN)2     ) CaNCN 

 ) CaC2N2     ) CaNC2

25

 ( ) K2CO3     ) Na2CO3 

 ( ) BaCO3     ) Li2CO3

II. 
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27.  (efflorescence) 

28. 

29.   (X)   X2SO4.10H2O 

30. 

 

31. 

32. 

33. 

34. 

35. 

36.  (A),
 (B)  (C)  AgNO3 

 (D)  . (A) ,(B), 
(C),  (D) 
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37. 

38. 

39

40

41

42

43

44
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Li
2O

N
a 2O

2 
M

O
2

M
 =

 K
, R

b,
 C

s
+O

2

+H
2 +X

2

+H
2O

+C

C
H

C
M

(M
 =

 N
a,

 
K

, R
b,

 
C

s)

M
H

(M
= 

Li
, K

, N
a,

 
Rb

, C
s)

M
x

M
= 

Li
, N

a,
 K

, R
b,

 
C

s
X

 =
 F

, C
l, 

Br
, I

M
O

H
 (L

i, 
N

a,
 K

, 
Rb

, C
s)

Li
2C 2

M
C

 
C

M
M

N
a

K
Rb

C
s

 IE
, E

A
, E

N
- 

Li
, N

a,
 K

, R
b,

 C
s, 

Fr

N
aO

H

N
a 2C

O
3

N
aH

C
O

3

N
aC

l
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6

GASEOUS 
STATE

(1746-1823)

So many of the properties of 
properties of matter, especially 
when in gaseous form, can be 
deduced from hypothesis that 
their minute parts are in rapid 
motion, the velocity increasing 
with temperature, that the 
precise nature of this motion 
becomes a subject of rational 
curiosity. James Clerk Maxwell
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6.1. 

 

78 % 21%
1%

(H2),
(N2), (O2), (F2)

(Cl2)

 18
(He),

(Ne) (Ar), 
(Kr),  (Xe) (Rn)

(CO),
(CO2),
(NO2) (NO)

6.2.  

 

SI
(Pascal)

(Nm-2)

SI

atm 

atm 
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Kgms-2)

6.1 

 
 

(Nm-2  or  kgm-1s-2)

pascal Pa 1 Pa = 1 Nm-2

atmosphere atm 1 atm = 101325 Pa

millimeter 

of mercury 
mmHg 1 mmHg = 133.322 Pa

bar bar 1 bar = 105 Pa

torr Torr 1 Torr = 133.322 Pa

pound per 

square inch
psi 1 psi = 6894.76 pa

6.2.1

atm

  
V

P
α 1

------- (6.1)

T T

V k
P

= × 1
 
------- (6.2)

k – 
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PV = k

 

P1V1 = P2V2  = k    ------  (6.3)

P
atm.

1
V dm-3

V
dm3

P atm.

 PV 

 P1V1 = P2V2 

 
P m

d
P m

d1
1

2
2

=
 

 “m” 
d1 d2 P1 P2

 P
d

P
d

1

1

2

2

=  ------ (6.4)
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P3=? atm.
V3 = 0.25dm3

T = 298 K

P1 = 1 atm. 
V1 = 1 dm3

T = 298 K

 6.3(a)  6.3(b)  6.3(c)

P2=2 atm. 
V2 = ? dm3

T = 298 K

P1V1 = P2V2 = P3V3

1 atm × 1 dm3 = 2 atm × V2 = P3 × 0.25 dm3

∴ 2 atm × V2 = 1 atm × 1 dm3

V
atm dm

atm

V dm

2

3

2
3

1 1

2

0 5

=
×

= .
  

and  P3 × 0.25 dm3 = 1 atm × 1 dm3

P atm dm
dm

P atm

3

3

3

3

1 1
0 25

4

= ×

=

.
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?

(Cylinder)
 1.05 atm 

0.375 dm3, 
0.125 dm3

V = kT  ------- (6.5)

 
V
T

=   

 

V
T

 

V
T

V
T

1

1

2

2

= =    ----- (6.6) 
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 V = mT + C  T 
m C 

 

T = 00C
Vo  Vo = C

m =  Δ V/ Δ T

V V
T

T V= ⎛
⎝⎜

⎞
⎠⎟

+Δ
Δ 0 ------- (6.7)

n P

V0

V
V V

V
T

T
0 0

1 1= ⎛
⎝⎜

⎞
⎠⎟

+Δ
Δ

 -------- (6.8)

α
1

0V
V
T

Δ
Δ

⎛
⎝
⎜

⎞
⎠
⎟ .  

 
V V

T
T V= ⎛

⎝⎜
⎞
⎠⎟

+Δ
Δ 0

 

 V = V
0 
( T  ------ (6.9)

0oC 

-400 Co -300 Co -200 Co -100 Co 0 Co 100 Co 200 Co 300 Co 400 Co

0 K 73 K 173 K 373 K 473 K 573 K 673 K

V0

50

100

150

200

250

vs
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0

0

0

0 K -273.15 °C

273.15 K 0 °C

373.15 K 100 °C

P = 1 atm.
V3 = 0.15 dm3

T3 = ? K

P = 1 atm. 
V1 = 0.3 dm3

T1 = 200 K

P = 1 atm. 
V2 = ? dm3

T2 = 300 K

 6
.3

(a
)

 6
.3

(b
)

 6
.3

(c
)

V1

T1

=
V2

T2

=
V3

T3

0.3 dm3

200 K
=

V2

300 K
=

0.15 dm3

T3

0.3 dm3

200 K
=

V2

300 K

300 K  0.3 dm3

200 K
=V2

1.5

=  0.45 dm3V2       

0.3 dm3

200 K=
0.15dm3

T3

0.15dm3  200 K
0.3 dm3

=T3

0.5

=  100 KT3

?

3.8 dm3

0oC

 2.27 dm3
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P  T

P
T

= (K)

1

 

P
T

P
T

1

1

2

2

=

Vs
(isochores)

0C 32 69 94 130 154 191

0.51 0.56 0.6 0.66 0.7 0.76

0.34 0.37 0.40 0.44 0.47 0.51

V n

V
n

V
n

α ,

1

1

2

2

= =  

1 1

?

T,  P,  V    
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  V
P

α 1  

   V  T

   V  n

 

V nT
P

V nRT
P

α

=

 PV = nRT.  ------ (6.11)

   
R PV

nT
=

 
R

atm dm
mol K

=
×

×
1 22 414
1 273 15

3. .
. .  

 = 0.0821  dm3 atm. mol–1 K–1

STP P = 
1 bar (105 Pascal)  273.15 K

V=22.71  10-3 m3

 
R Pa m

mol K
= × ×

×

−10 22 71 10
1 273 15

5 3 3.
. .

 = 8.314 Pa m3 K–1 mol–1

 = 8.314 × 10–5  bar m3 K–1 mol–1

 = 8.314 × 10–2 bar dm3 K–1 mol–1

 = 8.314 × 10–2 bar L K–1 mol–1

 = 8.314 J K–1 mol–1

700 C 6 dm3 

P =                                          
nRT

V
=                                          

2 mol   
0.0821  L atm. K-1 .mol-1  

(70 + 273 K)

6 dm3

 = 9.39 atm.
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?

0C atm

0C atm
 mL

mL 

 

p1, p2 p3 

P

P  = p1 +p2+ p3_________ (6.12)

RT
V

p
n

p
n

p
n

� 1

1

2

2

3

3

p
n
i

i

�� �� �� ��

��	 
 � � 
� ���
 �� �� ���� ���

 

 

P = P – P
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 P

 

p x P

x n
n n n

x

Ne Ne Total

Ne
Ne

Ne Ar Xe

=

=
+ +

=
+ +
4 76

4 76 0 74 2 5
0 595.

. . .
. = 

AAr
Ar

Ne Ar Xe

Xe
Xe

Ne A

n
n n n

x n
n n

=
+ +

=
+ +

=
+

0 74
4 76 0 74 2 5

0 093.
. . .

.  = 

rr Xen+

=
+ +

=2 5
4 76 0 74 2 5

0 312.
. . .

. 

PNe = xNe PTotal  = 0.595 × 2  

 = 1.19 atm.

PAr = xAr PTotal   = 0.093 × 2   

 = 0.186 atm.

PXe = xXe PTotal  = 0.312 × 2  

 = 0.624 atm.

?

KClO3 

O2  

2KClO3→ 2KCl + 3O2
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M
α

1
�� �� �� �� , � �	 �� � �


B
M B

 : 

 

?
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Z PV
nRT

=

 

N2 H2

He

CO2

Z > 1

Z < 1

0 100 200 300 400 500
P (atm)

0.5

1.0

1.5

2.0

Z 
= 

PV
 / 

nR
T

CH4

 = 1
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500 100 150 200 250 300

(bar)

0.8

0.9

1.0

1.1

1.2

220 K 273 K 327 K 400 K
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 Z V
V

��� �

�� ���	� �

= -----------  (6.19)

 

 

 J.D

 

(a) (b) (C)

 

P
n
V

'α ρ

ρ

 

  

2

=  

 

⇒

⇒

P n
V

a

'α 

 

2

2

P = n
V

'
2

2

 P an
V�� ���� �

= +P
2

2
 ------ (6.20)
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2r

P an
V

V nb nRT+
⎛
⎝⎜

⎞
⎠⎟

− =
2

2 ( ) . ----6.22

 

0C

0
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P

100

80

60

40

40 80 120 160 200 240 280

 at
m

 cm3

13o

21o

31o

35.5o

48oC

12

4

3

C1

C

B1

B A
A1

CO

 

5.2 2.26 57.8

) 304.2 72.9 94.0

154.8 50.14 78.0

) 126.3 33.54 90.1

) 33.2 12.80 65

647.4 218.3 55.3

) 405.5 111.3 72.5

324.7 81.5 81.0

) 190.6 45.6 98.7

) 283.1 50.50 124
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?

P a n
V

V nb nRT+
⎛
⎝⎜

⎞
⎠⎟

− = 2

2 ( )  ---------- (6.22)

P a
V

V b RT+⎛
⎝
⎜

⎞
⎠
⎟ − =

 
  2 ( )  ---------- (6.23)

PV a
V

Pb ab
V

RT+ − − − =2 0 ------- (6.24)

 

V
P

PV a
V

Pb ab
V

RT

V aV
P

bV ab
P

RTV
P

2

2

3 2
2

0

0 3

( )

( )

+ − − − =

+ − − − = --- (6.25)

V RT
P

b V a
P

V ab
P

3 2 0− +⎡
⎣⎢

⎤
⎦⎥

+ ⎡
⎣⎢

⎤
⎦⎥

− ⎡
⎣⎢

⎤
⎦⎥

= --- (6.26)

i.e.,  V = VC

 V – VC = 0   

 (V – VC)3 = 0    

V3 – 3VCV2 + 3VC
2V – VC

3 = 0    ---- (6.27)

 
− = − +

⎡

⎣
⎢

⎤

⎦
⎥3 2 2V V RT

P
b VC

C

C

 

3

3 2

3

V RT
P

b

V a
P

V ab
P

C
C

C

C
C

C
C

= +

=

=

---- (6.28)

---- (6.29)

---- (6.30)

 

V
V

ab P
a P

V b

C

C

C

C

C

3

23

3

=

=

/
/
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 i.e.   VC = 3b        -------      (6.31)

Vc   

3

3 3 3 3 9 27

27

2

2 2 2 2

2

V a
P

P a
V

a
b

a
b

a
b

P a
b

C
C

C
C

C

=

= = =
×

=

=

( )

------ (6.32)

Vc  Pc

3

3 3

27

9 27

8

2

2

V b R T
P

b b R T

a
b

b b R T
a

b

C
C

C

C

C

= +

= +
⎛
⎝⎜

⎞
⎠⎟

− = ⎛
⎝⎜

⎞
⎠⎟

 

  
 

 
 

( )

  
  

   
 

 

 
 

b T R b
a

T a b
R b

a
R b

T a
R b

C

C

C

=

∴ = =

=

27

8
27

8
27

8
27

2

2

 ------ (6.33)

a V P b V
C C

C= =3
3

2             

T a
Rbi
2

 --------- (6.34)
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  = P1V1 = P2V2

V
T = 

V
T

V
T

1

1

2

2

=

P
T = 

P
T

P
T

1

1

2

2

=

PV
T = 

PV
T

P V
T

1 1

1

2 2

2

=

V
n = 

V
n

V
n

1

1

2

2

=

PTotal = 
p1+p2+p3+....

r
M
1 r

r
M
M

1

2

2

1

=



195

 P a n
V

V nb nRT+
⎛
⎝⎜

⎞
⎠⎟

− = 2

2 ( )

 ,
27 2P a
bC =    VC = 3b
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2. 

 

( )P a
n V

V nb nRT+⎛
⎝⎜

⎞
⎠⎟

− =2 2
( )P na

n V
V nb nRT+⎛

⎝⎜
⎞
⎠⎟

− =2 2

( )P an
V

V nb nRT+
⎛
⎝⎜

⎞
⎠⎟

− =
2

2 ( )P n a
V

V nb nRT+
⎛
⎝⎜

⎞
⎠⎟

− =
2 2

2
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1
3

1
2

2
3

1
3 273 298× ×
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0.082dm3atm.     0.987 cal mol-1 K-1

 8.3 J mol-1K-1     8 erg mol-1K-1

     

    

 (dm3)2atm. mol-2  

O2 N2 NH3 CH4

a 1.360 1.390 4.170 2.253

 

 O2     N2   NH3   CH4

  I  II   II  III I  III   I, II and III

  22.04 dm3   2.24 dm3   0.41 dm3   19.5dm3

  4P    2P    P     3P
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3 3  

  8   4   3   1

  38    12    18   14

α = 1
V

V
T P

∂
∂

⎛
⎝⎜

⎞
⎠⎟

.

 T    1T    P   

 P   Q    R   S

  CH4 (g)  NH3 (g)   H2 (g)  N2 (g)

   mol L–1  L atm2 mol–1   mol L  L atm mol2

  mol–1L  L2 atm mol–2    
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.

 

  1.40 g/L   2.81g/L   3.41 g/L    0. 29 g/L

  

P

V

    PV

V

 

V

T

   

  HBr   HCl   HF     HI
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203
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1.  P
V

α 1

 

2   
 

3.  

P a n
V

V nb nRT+
⎛
⎝⎜

⎞
⎠⎟

− = 2

2 ( )

 ,
27 2P a
bC =

   VC = 3b     
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7

(1822-1888)

Albert Einstein

Classical thermodynamics... 
is the only physical theory 
of universal physical theory 
of universal content which I 
am convinced... will never be 
overthrown. 

ΔG0
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7.1

Thermodynamics
 (flow of heat)

Thermos  
dynamics

 19

(macroscopic) 

7.2 
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 7.1 



209

 : 7.1 
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7.2.3 

 (Adiabatic 

process)

 q = 0) 

(Isothermal)

 (Thermostat)
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dT = 0 

                      

(Isobaric process)

 
dP= 0 . 

 : (Isochoric)

V = 0.

 (Cyclic process):

dU = 0,dH = 0 
,dP=0 ,dV=0 ,dT=0

 : 7.2

q = 0

dT= 0

dP= 0

dV= 0

dE= 0, dH = 0, dP=0, 
dV=0 , dT=0

P,V,T, `n'

 (path or manner) 

(P)  (V),

 (T), (U),

(H) (G)
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 (w), (q).

(U)

 U

 (Ut),  
(UV), (Ur), 
(Ub),  (Ue),

(Ui) 

U = Ut + Uv + Ur+ Ub+ Ue+ Ui 

(ΔU) 

(C
(C

 
ΔU= Uf – Ui  . 

ΔU ( ) = 0
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ΔU

ΔU=Uf − Ui = −ve   (Uf < Ui)

• 
 (Uf)

(Ui) 
ΔU 

ΔU=Uf − Ui = +ve    (Uf > Ui)

 (q) 

SI  (J).

(cal) 
150C

10C

  (q) 

(+q )

(–q )

(F)  
(x).

−w = F. x ––– (7.1)

(-) 

 SI  (J), 

 
( J= Nm)

(kJ)
(1 kJ = 1000 J)
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 (w) 

(-w). 

(+w).

(Pint) 
(Pext) 

 
(P-V )

 

A 
(piston) 

 
(Vi)

(Pint)

(Pext)
 (Pint),

(Pint) Pext 

Vf

(+w) ,

 w = –F . x  ------------ (7.2)

x

F 

F

A

P

dx

7.3
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F = Pext A---- (7.3)

7.3 7.2

w = −Pext . A. x

A. x  = 

 = Vf - Vi   

w = – Pext . (Vf - Vi) -––––– (7.4)

w = – Pext . (– V) –––––– (7.5)

 = Pext . V

w
Pext

dV

w P dVrev ext

V

V

i

f

= − ∫
 

 Pext 

  Pext = (Pint + dP).

Pext 

 Pext = (Pint - dP).

P

ViVf (V)

7.4  P-V 

Vi  Vf

P-V 
7.4 

 Pext = (Pint + dP). 

 

w P dVrev
V

V

i

f

= − ∫ int
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P V nRT

P
nRT

V

w
nRT

V
dV

w nRT
dV

V

rev

V

V

rev

V

V

i

f

i

f

int

int

=

=

= −

= − ⎛
⎝⎜

⎞
⎠⎟

∫

∫

ww nRT
V

V

w nRT
V

V

rev
f

i

rev
f

i

= −
⎛
⎝⎜

⎞
⎠⎟

= −
⎛
⎝⎜

⎞
⎠⎟

− − − − − −

ln

. log .2 303 7 6

 Vf >Vi 

 Vf <Vi 

7.3

1. : +q

2. :

3. : −w

4. : +w

7.3 

 

A

B C

7.5 

7.4
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U1 U2

ΔU = U2 – U1.

ΔU = q + w  –––––––––––––––––(7.7)

q – 
w –

(1) 

(2) 

(3) 

(4)

(5) 

7.4.1 

U = q + w --------- 7.7 

U = 0. 

7.7) q = -w 

 ΔV  = 0 

 ΔU  =  q + w 

  =  q  - PΔV 

 ΔV = 0 
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 ΔU =  qv

3 :

. (q = 0)

  q = 0 

7.7) U = w

4:

P

 U = q + w 

 U = q - P V

P-V

 7.1 

1 
atm 5 

10
 

400J

 q = 400 J V1=5L V2 
= 10L

u =q-w ( 
(+q) : 

(-w)

u = q - PdV  

 = 400 J - 1 atm (10-5)L

 = 400 J - 5 atm L

  [ 1L atm = 101.33 J]

 = 400 J - 5 × 101.33 J

 = 400 J - 506.5 J

 = - 106.5 J 

7.5  (H)

(U),

(PV) 

H = U + PV –––––––––––––––––(7.8) 

T,P  U  
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 (ΔH) 
(H)

H = U + P V ––––––––––––––––(7.9) 

 
(q )

H=qp 

q>0
ΔH

q<0 
ΔH 

7.5.1   (H) (U) 

(H1,U1,V1 P)  
(H2,U2,V2 P) 

 ΔH, 

H=U + PV

H1=U1 + PV1−−−−−(7.10)

H2 = U2 + PV2−−−−(7.11)

(7.11) - (7.10)

(H2−H1) = (U2−U1) + P(V2−V1)

H= U + P V --------- (7.12)

U = q+w 

7.12 

H = q + w + P V

 w= -P V

H = qp -  P V + P V

H = qp–––––––––– (7.13)

 qp – 

 Vi
Vf

i  nf 

PVi = ni RT --------- (7.14)

PVf = nf RT --------- (7.15)
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 (7.15) - (7.14)

 P (Vf -Vi) = (nf - ni) RT

 P V= n(g) RT –––––––(7.16)

7.16 7.12 

H = U + n(g) RT–––––––(7.17)

7.5.2

 (298 K 1 bar

Fe(s)+ S(s) → FeS(s) 

 ΔHf
0 = – 100.42 kJ  mol−1

2C(s)+H2(g)→ C2H2(g) 

 ΔHf
0= + 222.33 kJ mol−1

1
2

1
22 2Cl g H g HCl g( ) ( ) ( )+ →

ΔHf
0 = – 92.4 kJ  mol−1

 7.4

 7.4 

Δ
H

f0
 (k

J 
m

o
l−

1
)

Δ
H

f0
 (

k
J 

m
o

l−
1
)

H2O(l) −242 CH4(g) -74.85

HCl(g) C2H6(g) −84.6

HBr(g) C H (g)

C H (g)

CO (g) CH OH(l)

7.6  (Thermo 

chemical equations)

Δ

 (Stoichiometric Equation)

(i) 

ii)  
ΔHr

(iii) 
(reverse reaction)

 ΔH
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(iv) ΔH 

(g) (l) (aq), 
 (s)

(v)

(vi)  ΔHr
0 

, ΔHr
0 

2H2(g)+O2(g) 2 H2O(g)ΔHr
0 =− 967.4 kJ 

2H2O(g) 2H2(g)+O2(g)ΔHr
0 = + 967.4 kJ  

(ΔHr
0)

(ΔHf
0) 

 
ΔH  0-  
ΔH0  .

ΔHr
0 =  Σ ΔHr

0 
( ) - Σ ΔHr

0 
)

aA + bB → cC +dD

ΔHr
0 =  Σ ΔHr

0 
 - Σ ΔHr

0 
)

ΔHr
0 = {c ΔHf

0 (C) + d ΔHf
0 (D)} -{a ΔHf

0(A) 

+ b ΔHf
0(B)}

 7.2 

C2H5OH(l)+3O2(g) 2CO2(g)+ 3 H2O(l)

C2H5OH(l), 

CO2(g)  H2O(l) 

  

277, -393.5  -285.5 kJ mol-1

:

O2(g)
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Δ = Δ( ) − Δ( ){ }
Δ = Δ( ) + Δ

H H H

H H H

r f products f reac ts

r f CO f

0 0 0

0 0 02 3
2

tan

(( )⎡
⎣⎢

⎤
⎦⎥

− Δ( ) + Δ( )⎡
⎣⎢

⎤
⎦⎥

Δ =
−

H O

f C H OH f O

r

H H

H
mol

2

2 5 2
1 3

2 393 5

0 0

0
( . ))

( . )

( )

kJmol

mol kJmol

mol kJmol

m

−

−

−

+ −

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

−
−

+

1

1

1

3 285 5

1 277

3 ool kJmol

Hr

( )

[ . ] [ ]

.

0

787 856 5 277

1643 5 277

1

0

−

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

= − − − −

= − +

Δ = −−1366 5. k J

?

1) CO2(g)+ H2(g) → CO(g)+ H2O(g)

CO2 (g), CO 
(g)  H2O(g) Hf

0 

– 393.5, – 111.31 
 – 242 kJ mol–1.

ΔHc 

–87.78 kJ mol–1

CH4(g)+ 2O2(g)→ CO2(g)+ 2H2O(l) 

HC = – 87.78 kJ mol-1 

C (s)+ O2(g) → CO2(g)

HC = – 394.55 kJ mol-1

 (q)

T1 
T2 

T2-T1) ,
q

m)

 q mΔT

 q c m ΔT

 c q/m ΔT

 c 

c q
m T T

=
−

⎛

⎝⎜
⎞

⎠⎟
− − − − − − −

( )
( . )

2 1

7 18

 m = 1 kg (T2–T1)=1 K

7.18 

 c = q
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 1
 

 
(cm) 

 SI 
 JK-1 mol–1.

 (CV  (CP) 

U = q + w   U = q  PdV

q = U + PdV ---------------------(7.19)

(7.19)

 

∂
∂

⎛
⎝
⎜

⎞
⎠
⎟ =

∂
∂

⎛
⎝
⎜

⎞
⎠
⎟

q
T

U
TV V

C U
TV

V

= ∂
∂

⎛
⎝⎜

⎞
⎠⎟

− − − − − − −7 20.

 
CV

(cP ) 

c H
TP

P

= ∂
∂

⎛
⎝⎜

⎞
⎠⎟

− − − − − − − ( . )7 21

   cP cV 

:

 H=U+PV ------(7.8)

 PV = nRT -----(7.22)

7.22 7.8 

 H = U + nRT  ---- (7.23)

∂

∂
=

∂

∂
+

∂

∂

H

T

U

T
nR

T

T
  

Cp = Cv + nR (1)

Cp- Cv=nR .....(7.24)
       

     

∂

∂
=

∂

∂
=

⎛
⎝⎜

⎞
⎠⎟

⎛
⎝⎜

⎞
⎠⎟

⎡

⎣

⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥

H
T P

CP

and
U
T V

CV

cP cV
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ΔU  ΔH  

 
c dU

dTV =

 dU = CV dT

U = CV ΔT

  U= CV (T2 – T1) 

ΔU = n Cv(T2 – T1) –––––––––– (7.25)

ΔH  CP 

ΔH = n CP (T2-T1)–––––– (7.26)

 7.3

128.0 00C  

1000C  ΔU  

ΔH
CV CP  21 J mol-1 K-1

 29 J mol-1 K-1 

8Jmol-1K-1 R 
.)

U = n Cv (T2-T1)

H = n CP (T2- T1)

 
4 128

32
n=

T2 = 1000 C =373K; T1 = 00 C = 273K

U = n Cv (T2-T1)

U = 4 x 21 x (373 - 273)

U = 8400 J

U = 8.4 kJ

H = n Cp (T2- T1)

H = 4 × 29 × (373- 273)

H = 11600 J

H = 11.6 kJ 

?
 180 250C

1000C

Jmol-1 K-1.

7.7      

ΔU  ΔH 

 

C=q/mΔT

i) (qV)

ii)  (qp)
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( ) ΔU  

(ΔUc
0 )

. 

  
 (ΔUc

0), 

 q1 = k.ΔT

 k    
.   k=mc Cc

mc= 
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 q2 = mw Cw ΔT

 mw

 Cw  
(4,184 kJ K-1 mol-1)

ΔUc = q1 + q2

  = k.ΔT + mw Cw ΔT

  = (k+mw Cw)ΔT

-3227 kJ 
mol-1

 (7.17)

HC
0

( ) = UC
0 

( ) + ngRT

1. 

2. 

3. 

( )ΔH

q = mw Cw ΔT

mw 

Cw
4184 kJ K-1 mol-1

.



227

 7.4

 300 K 

Δ

C2H4 (g) + 3O2(g) →
 2CO2 (g)+2H2O(l) 

ΔU = −1406 kJ

n = np(g) - nr(g)

n = 2 - 4  = -2

H = U + RT ng

H = -1406 + (8.314 × 10-3 × 300 ×(-2)

H = -1410.9 kJ

?

C6H6(l) + 7½ O2(g) 

6CO2(g) + 3 H2O(l)

250 C  ΔU = -3268.12 kJ

(1) : 

 (ΔHf
0)  

.H2,C( ) 
    
-285.8, -393.5  

-890.4 kJmol-1. 

 

C( ) + 2H2(g)  CH4(g)

ΔHf
0 = X kJ mol-1--- (i) 

H g O H O l2 2 2
1
2

( ) ( )+ →

 ΔH0 = –285.8 kJ mol-1---(ii)

C  + O2  CO2

ΔH0 = –393.5 kJ mol-1--- (iii)

CH4 (g) + 2 O2  CO2 (g)+ 2H2O (l)

ΔH0 = –890.4 kJ mol-1--- (iv)

(i)
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v) reverse) 

  CO2 (g)+2 H2O (l) CH4 (g) + 2 O2

ΔH0 = + 890.4 kJ mol-1--- (v)

(i) = [(ii)  2] + (iii) + (v)

 X = [(–285.8)  2] + [–393.5] + [+ 890.4]

= –74.7 kJ

1   
 -74.7 kJ

 = -74.7 kJmol-1

SI 
JKg-1. cal g-1

 :

HCl(aq)+NaOH(aq)  NaCl (aq)+ H2O(l)

H = – 57.32 kJ

H+(aq) + OH-(aq)  H2O(l)

H = – 57.32 kJ

kJ

HCl (aq) + KOH(aq) KCl (aq) + H2O(l)

H  – 57.32 kJ

HNO3(aq)+KOH(aq) KNO3(aq)+ H2O(l)

H  – 57.32 kJ

H2SO4(aq) + 2KOH(aq)  

K2SO4(aq) + 2 H2O(l)

H  – 57.32 kJ

+

OH
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H+(aq) + OH-(aq)  H2O(l)

H = – 57.32 kJ

H2O(s) 
 H2O(l) Hfusion = + 5.98kJ273K

 
H2O(l) H2O(v)   Hvap= + 40.626 kJ373K

I2(s) 
 I2(v)    Hsub = + 62.42 kJ

 

C( )  C ( )  

Htrans= +13.81 kJ

S(monoclinic)  S(rhombic)

Htrans= – 0.067 kJ 

P( )  P( )

Htrans = – 4.301 kJ
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 (ΔU)
(ΔH) 

ΔU ΔH

A B
Hr

Hr = H1 +  H2 + H3

H1 H3
H2X Y

-393.5kJ, -283.5 kJ. 
CO

O2(g)
C( ) CO2(g)

H1

H2 ½ O2(g)

½ O2(g)

H3

CO(g)

 ΔH1 = ΔH2 + ΔH3

  –393.5 kJ=  X – 283.5 kJ 

 X= -110.5 kJ

7.9  (ΔH( ))

NaCl(s) Na+(g)+Cl–(g)

H =+788kJ mol-1

NaCl Na+
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Cl- 788 kJ 

M(s) + ½ X2(g) ⎯ MX(s)
ΔHf

M(g) M+ (g)

X−(g)
+

X(g)

ΔH3

ΔH1

ΔH4

UΔH2

H1
 - M(s)  M(g) 

H2- 
1 x2 

(g)  X(g) 
2

H3- M(g)  M+(g)

H4
 - X(g)  X-(g) 

 U -  MX 
 

 Hf
 -  

MX 

Δ = Δ + Δ + Δ + Δ +H H H H H Uf 1 2 3 4  

 NaCl

 NaCl 

Na(s) + ½ Cl2 ⎯ Nacl(s)
ΔHf

Na(g) Na+(g)

Cl (g)

+
Cl(g)

ΔH2

ΔH1

ΔH4

UΔH3

f = 

 = Na(S)   = 
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 =  Na(g)  

 = Cl (g) 

 = Cl(g) =           

 U = NaCl 

Δ = Δ + Δ + Δ + Δ +

∴ = Δ( ) − Δ + Δ + Δ + Δ( )
H H H H H U

U H H H H H

f

f

1 2 3 4

1 2 3 4

1
2

1
2

U = (–411.3) – (108.7 + 495.0 + 122 – 
349)

     U = (–411.3) – (376.7)

  U = – 788 kJ mol–1

 
Na+ Cl- NaCl

?

1
1

524kJ 

148 
31 , 

193 

7.10. 

 1.  

 2.
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7.10.1 

 

 dS = dq  / T 

S  > 0

S  > S  + S

i.e. S  > S  + S

S  =  - S

S  = 0

  =

 
η =

−
 
q q

q
h c

h

 qh –  

 qc – 
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η = 1−    − − − (7.27)

q
q

c

h

ΔS( ) = ΔS  + ΔS = 0

 ΔS   = - ΔS

q
T

q
T

T
T

q
q

T
T

q
q

T
T

h

h

c

c

c

h

c

h

c

h

c

h

c

h

=
−

=
−

= − − − −

⇒ = − − − − − −

 

 

     

7 28

1

.

η −− 7 29.

Th >> Tc

, η < 1  

     100= −
⎡

⎣
⎢

⎤

⎦
⎥ ×1 T

T
c

h

 7.10

8160 C

210C 

T T
T

h c

h

−⎡

⎣
⎢

⎤

⎦
⎥ × 100

Th = 816+273= 1089 K; 

Tc= 21+273= 294K

= −⎛
⎝⎜

⎞
⎠⎟

×1089 294
1089

100

= 73%

?

1270C 470C
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ΔS > 0

ΔS < 0

ΔS > 0

ΔS < 0

.8 

 (ΔS0):

 (0K)

298K 1 bar

S0)

(0K) 

(ΔSr
0) 

Δ = ∑ − ∑S S Sr
0 0 0

------ (7.30)

ΔSf
0 

(S0)

 7.6

 C(s)+O2(g)→CO2(g) 
 

CO2(g),C(s),O2(g)
 213.6 ,5.740,

 205 JK-1.

C(g) + O2(g)  CO2(g) 

Δ = ∑ − ∑

Δ = − +

Δ = − +

Δ

S S S

S S S S

S

S

r

r CO C O

r

0 0 0

0 0 0 0

0

2 2

213 6 5 74 205

{ } { }

. [ . ]

rr

rS JK

0

0 1

213 6 210 74

2 86

= −

Δ = −

. [ . ]

.

?

J mol-1 K-1
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Δ = =
Δ

− − − − − − −S q
T

H
T

rev rev ( . )7 31

Δ =

Δ =
Δ

− − − − − − −

S dq
T

S H
T

rev
rev

fusion
fusion

f

( . )7 32

Hf

Tf

Δ =
Δ

− − − − − − −S H
Tv

v

b

( . )7 33

  ΔHv 
Tb 

Δ =
Δ

− − − − − − −S H
Tt

t

t

( . )7 34

ΔHt

 7.7

00C

6008 J mol-1

Δ =
= =

⎯ →⎯⎯

Δ =
Δ

Δ =

−H Jmol
T C K

H O S H O l

S
H
T

S

f
K

f

6008
0 273

6008

1

0

2
273

2( ) ( )

2273
22 007 1 1Δ = − −S J K mole.
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?

7) 351 K

39.84 kJ mol-1.

7.11 (G)

1. 

2. (coffee)

3. 

4.

 7.9

CH4+2O2   CO2 + 2 H2O 

   ΔHo= −890.4 kJ mol−1

H+ + OH− H2O 

  ΔHo= −57.32 kJ mol−1
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NH4NO3  NH4    + NO3 

  ΔHo= + 25 kJ mol−1

G = H - TS ------------ (7.35)

H
2
O ++ −

G2 – G1 = (H2 – H1) – T(S2 – S1) 

ΔG =ΔH – T ΔS−−−−−−(7.36)

 ΔG  

ΔS = ΔS  + ΔS

ΔS = 0 [∴ΔS  = −ΔS ] 

ΔG=0

   
ΔS >0 , 

Δ >

Δ + Δ >

S

S S

  

   

0

0  

ΔS  + 
dq

T
 > 0 

ΔS  − 
ΔH

T
 > 0 

TΔS  − ΔH  > 0 

−(ΔH − TΔS )>0 

−(ΔG ) > 0    
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ΔG < 0   

 i.e. ΔH – T ΔS < 0 −−−−−−(7.37)

 ΔH   

 , (TΔS 
  

 , 
ΔG   

    

ΔG>0.

ΔG = ΔH  –  T ΔS −−−− (7.36)

 ΔH =ΔU + PΔV 

ΔG = ΔU + PΔV – TΔS 

 ΔU = q + w

Δ =S
q

T

Δ = + + Δ − ⎛
⎝⎜

⎞
⎠⎟

G q w P V T
q

T

ΔG = w + PΔV

−ΔG = −w − PΔV ............(7.38)

PΔV

(−ΔG)

7.11.1

ΔH 

.(ΔS )

ΔH-TΔS < 0 
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ΔHr ΔSr ΔGr= ΔHr−TΔSr

− + − (at all T) 2O3 (g)  3O2 (g)

− −

− (at low T)  

+ (at high T)  

+ +

+ (at low T)  

− (at high T)  

+ − + (at all T) O(g) + O (g) l

ΔH ΔS  

(kinetic factors

 7.8

 300K  ,CO O CO+ ⎛
⎝⎜

⎞
⎠⎟

→1
2 2 2     

. CO2 CO 
–394.4 -137.2 KJmole-1.

CO O CO

G G G

+ ⎛
⎝⎜

⎞
⎠⎟

→

Δ = ∑ − ∑

1
2 2 2

0 0 0
f f
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Δ = ⎡⎣ ⎤⎦ − +⎡
⎣⎢

⎤
⎦⎥

Δ = − + +

Δ = −

G G G G

G

G

CO CO O
0 0 0 0

0

0

2 2

1
2

394 4 137 2 0

25

. [ . ]

77 2 1. kJ mol−

ΔG0

?

ΔH  ΔS

-10 kJmole-1 -20Jdeg-1

mole-1 ΔG

ΔH ΔS

K

ΔG

7.11.2  

ΔG0,   K(eq)

 A+B C + D

ΔG

(ΔG0)

ΔG= ΔG0 + RT ln Q −−−−−−(7.39)

ΔG=0,   

 Q 

 ΔG0 = –RT ln Keq

ΔG0 = –2.303 RT log Keq ----------(7.40)

ΔG0 = ΔH0 – T ΔS0 = − RT ln Keq

 7.9

298 K 

 3/2 O2 O3(g) 

ΔG0 , 

 Kp   

2.47  10−29 

:

ΔG0 = − 2.303 RT log Kp

R = 8.314 JK−1mol−1

Kp = 2.47 10−29

T = 298K

ΔG0=−2.303(8.314)(298)log(2.47 10−29)
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ΔG0 = 16300 Jmol−1

ΔG0 = 16.3 KJ mol−1

7.12 

1000C 

  (0 K  
 -273K), 

lim
T

S
→

=
0

0
 

 7.10 
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Δ

U=q+w

H=U+PΔV.
ΔH=ΔU+ΔngRT



245

 G = H – TS 
ΔG =ΔH – TΔS .

ΔG0  = –RT ln Keq
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I  .

1. 

 ) ΔE  ) ΔH   ) ΔS   ) ΔG

2. 

3.

 ) q = w  )q = 0  )ΔE = q  ) P Δ V= 0

4. 

 > 0   > 0    < 0    = 0

5. 

  w = – Δu  w = Δu + ΔH  Δu = 0    w = 0

6. 

    

7. 300 K  1 × 10–3 m3  1 × 10–2 m3  1×105Nm2 

  – 900 J   900 kJ   270 kJ   – 900 kJ

8. 

       

9.    CO  CO2 –26.4 kCal  
–94kCal,   

+ 26.4 kcal – 67.6 kcal  – 120.6 kcal     + 52.8 kcal
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10.  C( ) → C( ), ΔH  

11. Al2O3  Cr2O3 
2Al + Cr2O3 → 2Cr + Al2O3   ΔH 

  – 1365 kJ    2730 kJ   – 2730 kJ   – 462 kJ

12. 

13. 

  ΔH > ΔU   ΔH - ΔU = 0  ΔH + ΔU= 0 ΔH < ΔU

14.  4kJ  1 kJ

  +1 kJ   – 5 kJ   +3 kJ   – 3 kJ

15. 250 C

 – 2.48 kJ   – 2.22 kJ   + 2.22 kJ   + 2.48 kJ

16. 2 1250 C  250 C  

ΔH C RP =⎡
⎣⎢

⎤
⎦⎥

5
2

  – 250 R    – 500 R   500 R   + 250 R
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17 . C(g) + O2 (g) → CO2 (g) ΔH0 = – a kJ; 2 CO(g) + O2(g) → 2CO2(g) ΔH0 = –b kJ;     
C(g) + ½O2(g)  → CO(g)  ΔH0  

 b a2
2

   a b2   a b2
2

   b a2
2

18. 00C  1 15.68L
 32L

kJ

  – 889 kJ    – 1390 kJ   – 3180 kJ   – 653.66 kJ

19.  360 kJ mol–1 
 620 kJ mol–1  C-C 

       170 kJ mol–1   50 kJ mol–1   80 kJ mol–1   220 kJ mol–1

ΔH < 0  ΔS > 0

 ΔH < 0  ΔS < 0

  ΔH > 0  ΔS = 0

   ΔH > 0  ΔS > 0

21. 

  

 

22. q, ΔS  
  

  +, –, –    –, +, –   +, –, +   –, –, +

23. 4.8 kJ mol-1.  
16 J K–1 mol–1

  323 K    270 C   164 K   0.3 K
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24. 

  Ca(S) + ½ O2(g) → CaO(S)

  C(S) + O2(g)  → CO2 (g)

  N2(g) + O2(g) → 2NO(g)

  CaCO3(S) → CaO(S) + CO2(g)

25. ΔH  ΔS   kJ mol-1  JK-1mol-1 

  300 K    30 K    100 K   200 C

II. 

26.

27.

28.

29.   :

    

  

30. 

31. 

 i) ΔH   ΔS

 ii) ΔH  ΔS

 iii) ΔH  ΔS 

32.

33.   .

34. 

35. 

36. 

37. 

38.

39. 
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40. 

41. 

42. 

43. CaCl2 

44.

45. 

46.

47. 

48. 

49. 

50. ΔH ΔU

51.

52.

53. 250C 2 
500 ml 2L 

54. 28  3.5 
 298K

298K 298.45K  
2.5 kJ K-1 J mol-1

55. 770C 330C.
 245 J 
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56. 4.1
3710J 2L 

57 30.4 kJ
28.4 JK−1 mol−1 

58  −2220.2 kJ mol-1 CO2(g) H2O(l) 
−393.5 −285.8kJ mol-1 

59.

S. No (0C) ΔH (kJ mol−1)

1. 78.4  + 42.4

2. 110.6 + 35.2

60. Ag2O(s) → 2Ag(s)+
1
2  O2(g)Ï ΔH = 30.56 kJ mol−1 

ΔS=6.66JK−1mol−1 ΔG

61. 400K. Keq 

 2NOCl (g) ⇌ 2NO(g) + Cl2(g), 

 ΔH0 = 77.2kJ mol−1 ; 

  ΔS0=122JK−1mol−1.

62.  (NH2 CN)  
ΔU -742.4 kJ mol-1,  . 298 K  

 NH2CN(s) + 3
2

 O2(g) → N2(g) + CO2 (g) + H2O(l) ΔH= ?

63.

kJ mol-1
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64.   CaCl2 

 Ca (s)+Cl2(g) → CaCl2(s) ΔHf
0  = − 795 kJ mol−1

    : Ca(s) → Ca(g)   ΔH1
0

 = + 121 kJ mol−1

  : Ca(g) → Ca2+(g) + 2e−  ΔH2
0

= + 2422 kJ mol−1

     : Cl2(g) → 2Cl(g)   ΔH3
0  = + 242.8 kJ mol−1

   : Cl (g) + e− → Cl− (g)  ΔH4
0 = −355 kJ mol−1

65.  Fe2O3 + 3CO → 2Fe + 3CO2
 

 2Fe + 
3
2 O2 → Fe2O3 ΔH = −741 kJ 

 C + 
1
2 O2 → CO ΔH = −137 kJ 

 C + O2 → CO2 ΔH = − 394.5 kJ 

66. 1750 C,  1-  (A),   4N KOH  
, 1.3% 1-  (A), 95.2% 2-  (B)  3.5% 1,2 

 (C) 1750 C,  
  ΔG0 .

 B ⇌ A   Δ =G1
0 ?

 B ⇌ C   Δ =G2
0 ?

67. 33K N2O4 1 atm

68. SO2  SO3   -297 kJ mol-1 

 -396 kJ mol-1.  SO2 + 
1
2  O2 → SO3 

298 K  :2A +B → C   ΔH=400  J mol-1

69. ΔS=0.2 JK-1 mol-1 

70. 298K .  
2NH3(g) + CO2(g) ⇌ NH2CONH2(aq)+H2O(l)

ΔGr
0   –13.6 kJ mol-1.

71. 3.67 250 C 1 
6.11 L

kJ, 
ΔHC (CH4) = − 890 kJ mol−1   ΔHC (C2H4)= −1423 kJ mol−1
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 (Δ

T=
0)

2.    
 (q

=0
)

   
 (Δ

P=
0)

   
 (Δ

V=
0)

) P
, V

, T
)

ΔU
=q

+w
ΔU

=q
-P

dV

dS
 =

dq
re

v
T

G
 =

 H
 - 

TS
ΔH ΔH ΔH ΔH
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255

255

256

256

257

258

258

259

260

260

261

278

286

289

291

293

300

313

314
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N 6.022 × 1023

amu (or) u
1.660 × 10-27 kg 

c 2.997 ×108 m s-1

e
1.602 × 10-19 C

h 6.626 × 10-34  Js

me 9.109 × 10-31 kg

mp 1.672 × 10-27 kg

mn 1.674 × 10-27 kg

a0 0.529 Å

R∞ 1.097 × 105 cm-1

R

8.314   J K-1 mol-1

0.082   L atm K-1 mol-1

1.987   cal K-1 mol-1

62.36   L mmHg K-1 mol-1

83.14   L mbar K-1 mol-1

 

SI 

femto pico nano micro milli centi deci kilo mega giga

f p n μ m c d k M G

10-15 10-12 10-9 10-6 10-3 10-2 10-1 103 106 109
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1 Å  =  10-10 m

1 atm =  101.325 kPa  = 1.01325 x 105  N m-2 

1 atm =  1.01325 x 105  J m-3 =  760 Torr (mmHg)

1 eV = 1.60219  x 10 -19 J 

1 N = 1 J m-1   =  105 dyne

1 J =  107 erg   =  1 Kg m2 s-2

1 cal  = 4.184 J

Pc (atm) Vc (cm3 mol-1) Tc (K)

He 2.26 57.76 5.21

Ne 26.86 41.74 44.44

Ar 48.00 75.25 150.72

Kr 54.27 92.24 209.39

Xe 58.0 118.8 289.75

H2 12.8 64.99 33.23

N2 33.54 90.10 126.3

O2 50.14 78.0 154.8

Cl2 76.1 124 417.2

Br2 102 135 584

HCl 81.5 81.0 324.7

CO2 72.85 94.0 304.2

H2O 218.3 55.3 647.4

NH3 111.3 72.5 405.5

CH4 45.6 98.7 190.6

C2H4 50.50 124 283.1

C2H6 48.20 148 305.4

C6H6 48.6 260 562.7
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a (L2 bar mol-2) b (L mol-1)

4.225 0.0371

18.24 0.1154

3.64 0.04267

1.505 0.03985

6.579 0.05622

0.0346 0.0238

24.71 0.1735

0.2476 0.02661

4.51 0.04431

3.716 0.04081

4.49 0.04287

8.2 0.01696

2.283 0.04278

1.358 0.02789

1.37 0.0387

5.354 0.04424

3.832 0.04415

1.382 0.03186

6.803 0.05636

5.536 0.03049



258

Cv, m  (J K-1 mol-1) Cp, m  (J K-1 mol-1)

12.48 20.79

H2 20.44 28.82

N2 20.74 29.12

O2 20.95 29.36

CO2 28.46 37.11

H2O - 75.29

CH3OH - 81.6

C2H5OH - 111.5

C6H6 - 136.1

C - 6.11

Cu - 244.4

Fe - 25.1

SiO2 - 44.4

 (ΔHf
0
 , kJ mol-1)

(g) = - 890 (l) = - 1368

 (g) = - 1560 = - 874

 (g) = - 2220 = - 3227

 (g) = - 2877 = - 2802

 (l) = - 3268 = - 5645

 (l) = - 726
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ΔHf
0  (kJ mol-1) ΔGf

0 (kJ mol-1) S0 (J K-1 mol-1)

C (s , ) 0 0 5.740

H2(g) 0 0 130.684

N2(g) 0 0 191.61

O2(g) 0 0 205.138

Cl2(g) 0 0 223.07

Ag(s) 0 0 42.55

Cu(s) 0 0 33.150

Au(s) 0 0 47.40

Fe(s) 0 0 27.28

Zinc(s) 0 0 41.63

C(s, ) 1.895 2.900 2.377

CO(g) -110.53 -137.17 197.67

CO2(g) -395.51 -394.36 213.74

HCl(g) -92.31 -95.30 186.91

H2O(l) -285.83 -237.13 69.91

H2O(g) -241.82 -228.57 188.83

NH3(g) -46.11 -16.45 192.45

(g) -74.81 -50.72 186.26

 (g) -84.68 -32.82 229.60

 (g) 20.42 62.78 267.04

 (g) -126.15 -17.03 310.23

 (l) 49.0 124.3 173.3

 (l) -238.66 -166.27 126.8

(l) -277.69 -174.78 160.7
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 (-ΔH0 Lattice, kJ mol-1)

F Cl Br I

Li 1022 846 800 744

Na 902 771 733 684

K 801 701 670 629

Rb 767 675 647 609

Cs 716 645 619 585

CV CP  (CP = R+CV)

3
2
R 5

2
R

5
2
R 7

2
R

6
2
R 8

2
R
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- 1

1.   (i)   - 

      (ii)   - 

      (iii)   - 

2.  (i)  C2H5OH : (2 x 12) + (5 x 1) + (1 x 16) + (1 x 1) = 46 g

 (ii)  KMnO4  : (1 x 39) + (1 x 55) + (4 x 16)  = 158 g

 (iii) K2Cr2O7  :  (2 x 39) + (2 x 52) + (7 x 16)  =  294 g

 (iv) C12H22O11 :  (12 x 12) + (22 x 1) + (11 x 16)  =  342 g

3. )   C2H6 = (2 x 12)+ (6 x 1) = 30 g mol-1

  n =  /  = 9 g / 30 g mol-1  =  0.3 mole

 ( )  

273 K 1 atm  22.4 L

273 K 3 atm 224 ml 

  

=
× ×

× × ×         
        

 0.    273 Κ  1
273 1 22 4

224mole
K atm L

L
.

33 

          

atm

mole= 0 03.

  1  6.022 x 1023 

  0.03  = 6.022 x 1023  x 0.03  
  = 1.807 x 1022  

4.  ( ) = 0.456 g
   = 0.606 g
  0.456 g 0.15 g 

  35.5 g   0 456
0 15

35 5.
.

.×  = 107.92 g eq–1.

( )
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=

 

=

=

−

−

292 2
6

1

1
.   

   
g mol

eq mol
48.7 g eq-1

5. 

C 54.55 % 12 54.55/12 =  4.55 4.55 / 2.27 = 2

H 9.09 % 1 9.09 / 1 = 9.09 9.09 / 2.27 = 4

O 36.36 % 16 36.36/16 = 2.27 2.27/2.27 = 1

 (C2H4O)

 
6.

 = 

=

X 32 % 2 16 4

Y 24 % 1 24 2

Z 44 % 0.5 88 1

 (X4 Y2 Z)
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= (16×14 ) + (24 2) + 88

   = 64 + 48 + 88 = 200

  

   n  =

 

  
∴ n = 

400
200  

   = 2

   
 (X4Y2Z)2              =    X8Y4Z2

7. 

x y l m

2 3 4 1

8 15 – –

8 12 16 4

– 3 16 4

 
  : x

  : l m

  : y
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8.

 

As S HNO H O H AsO H SO NO
+ − + + + +

+ + → + +
3 2 5

3 2 3

5

4 2

6

4

2

2 3

2×2e–

4e– +  24e–

28e–

3e–3×8e–

� �� ��

 
 3 As2 S3 + 28 HNO3 + H2O  H3AsO4 + H2SO4 + NO

 
 

 3 As2 S3 + 28 HNO3 + H2O  6 H3AsO4 + 9 H2SO4 + 28 NO
 

  :36  & 88  
  :28  & 74 

  8  & 

   H2O  '4'. 

 , 
 3 As2 S3 + 28 HNO3 + 4 H2O  6 H3AsO4 + 9 H2SO4 + 28 NO

 

I  

1. ( )  40  CO2  

2. ( )  200 u

3. ( )  (A) (R)  

4. ( )  

5. ( )  102 g

6. ( )  6.022 x 1020

7. ( )  16 % 

8. ( )  0.075
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9. ( )  1  HCl 

10. ( )  BaCl2 + H2SO4  → BaSO4+2 HCl

11. ( )  P4 + 3 NaOH + 3 H2O → PH3 + 3 NaH2PO2

12. ( )  52.7

13. ( )  6.022 x 1024 

14. ( )  NO

15. ( )  6.022 x 1023

16. ( )  S2O4
2- < SO3

2- < S2O6
2- < SO4

2- 

17. ( )   / 3 

18. ( )  

19. ( )  A  B 
 2:1

20. ( )  3.9 g

21. ( )  44 g mol-1

22. ( )  ( )  ( )

23. ( )  

24. ( )   12 u

25. ( )  6C12

I. 

1.  CH4(g) + 2O2(g) → CO2 (g)+ 2 H2O (l)

CH4 O2 CO2

1 2 1

40 mL 80 mL

40 mL 80 mL 40 mL

- - 40 mL

 , 
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2. 

 

=
× + × + ×

=
( ) ( ) ( )

.
200 90 199 8 202 2

100
199 96

200

 
 

 u

3.  : 
  6.022 ×1023.

4.   1 : 2 C + O2 →2 CO

     2 × 12 g  32 g .   
   ,

      = × × =2 12
32

8 6   

  2 : C + O2 → CO2

      12 g  32 g . , 

       = × =12
32

8 3  

5.  M3+ 

   =  / 

  9 g eq-1   =   / 3 eq

   = 27 g

   M2O3 ; 

     =  (2 x 27) + (3 x 16) 

      =  102 g

6.   = 0.018 g

  =  / 

   = 0.018 / 18 = 10-3 

 1  

 = 6.022 x 1023

 1 (10-3 )

   = 6.022 x 1023 x 10-3
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   = 6.022 x 1020

7.  MgCO3 →MgO + CO2 

 MgCO3  : (1 x 24) + (1 x 12) + (3 x 16) = 84 g

 CO2  : (1 x 12) + (2 x 16) = 44 g

 100 %  84 g MgCO3  44 g CO2 -

 1 g MgCO3  0.44 g CO2 
,

  84 g MgCO3 36.96 g CO2

  = ×100
44 2

 
  

 36.96  

= 84 %
 

%
g CO

g CO2    

  = 16 % 

8. NaHCO3 + CH3COOH → CH3COONa + H2O  + CO2  

 6.3 g  +  30 g  →   33 g  + x

 CO2 ,  x = 3.3 g 

   CO2  = 3.3 / 44 = 0.075  

9 H2(g) + Cl2(g) → 2 HCl (g)

H2(g) Cl2(g) HCl (g)

1 1 2

273 K  1atm  22.4 L
(1 mol)

11.2 L 
(0.5 mol) -

0.5 0.5 1

HCl -  = 1  

10.  Ba Cl  + H S O    Ba S O +2 HCl2 2 4 4

+ − + + − + + − + −
→

2 1 1 6 2 2 6 2 1 1

 

11. P  + 3 NaOH +3 H O H + 3 NaH PO  4 2 3 2 2

0 3 1
→

− +
 P
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12.  (MnO4
–)  3 

. 
 = (KMnO4 )/3 =  158.1/3 = 52.7

13. 180 g  

      =  /      
     = 180 g / 18 g mol-1 = 10 

  6.022 x 1023  

 10   6.022 x 1023 x 10 = 6.022 x 1024 

14. 273 K  1 atm  7.5 g  5.6  

, 22.4  

 
= × =7 5

5 6
22 4 30.

.
. 

 
    g

L
L g

 NO - g

15. (NH3)  (7 
+ 3) = 10

=

=

1.7g
17 g mol-1

= 0.1 mol

= 0.1 6.022

= 10 6.022

16. S O  < S O  < S O  < S O2 4
2-

3
2-

2 6
2-

4
2-

+ + + +3 4 5 6

17.  Fe C O Fe CO
2 3

2 4

3 4

2

+ + + +
⎯→⎯ +
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18.  

19.     = 8 g/32 g 

                     = 0.25 

    = 8 g / 64 g 

            = 0.125 

  = 0.25: 0.125 = 2:1
          
20. AgNO3 + KCl → KNO3 + AgCl 

 50 mL  8.5 %  4.25 g AgNO3   50 mL  8.5 % AgNO3 
  AgNO3   

 =  /  

 = 4.25 / 170 

 = 0.025 

 , 100 mL 1.865 % KCl   KCl 

  = 1.865 / 74.5 

 =  0.025 

  AgCl 0.025  (
) 

 0.025  AgCl AgCl  

 =   x 

 = 0.025 x 143.5 = 3.59 g

21.  (25 0 C  1 atm ) 612.5 mL 

  = 612.5 × 10-3  L / 24.5 Lmol-1 

   = 0.025 

 =  / 

   = 1.1 g /0.025 mol  = 44 g mol-1
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22. 6 g C-12-  

=  / 

 = 6/12 = 0.5  = 0.5 ×  6.022 × 1023 .

 8 g = 8 / 16 = 0.5  

 = 0.5 ×  6.022 × 1023 ..

 7.5 g   = 7.5 / 16 = 0.25  

 = 2 ×  0.25 × 6.022 × 1023 .

23. 

24.   ( ) C-12  12 u

25.   6C12

32.   :

 273 K  1 atm  CO2-  = 1.965 kgm–3

 CO2 - = ?

 273 K  1 atm , 1  CO2 22.4 L 

 1  CO2  = 1 965
1

22 43

.
.

Kg
m

L×

    

=
× × ×

=

−1 965 10 22 4 10

1

44 01

3 3 3

3

. .

.

g m

m

g

 CO2  = 44 gmol–1
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33. 

  - C2H5OH 1 1 × 6.022 × 1023

  - HCOOH 1 2 × 6.022 × 1023

 - H2O 1 1 × 6.022 × 1023

 : 

34.  = 
( . . ) ( . ) ( . . )78 99 23 99 10 24 99 11 01 25 98

100
× + × + ×

      
2430 9
100

.

      = 24.31u

35. : x + y + z2 → xyz2

x y z2 x y z2

( )
200 200 50 50 50 50 

z2

( ) 1 1 3 1 1 1 x and y

( )
50 25 50 25 25 25 

y

( ) 2.5 5 5 2.5 2.5 2.5 x

36. :    = 6.645 × 10–23 g

 ∴ 1  = 6.645 × 10–23 g × 6.022 × 1023

      = 40 g

 0.320 kg   = 
1
40

0 320
mole

g
kg.

         
=

×1 320
40

mol g
g

         = 8 mol.
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37.

∴ C6 H12 O6 CH2O

C8 H10 N4 O2 C4 H5 N2 O

39.  2Al + Fe2 O3 → Al2O3 + 2Fe

Al Fe2O3 Al2O3 Fe

324 g 1.12 kg - -

324
27

12 mol 1 12 10
160

7
3. ×

= mol - -

2 1 1 2

12 mol 6 mol - -

- 1 mol 6 mol 12 mol
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  Al2O3 

 = 6 mol × 102 g mol–1 
Al O

g
2 3

2 27 3 16
54 48 102

612( ) ( )× + ×
+ =

⎡

⎣

⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥

=

  = Fe2O3

 

= 1 mol × 160 g mol–1  

   = 160 g      
Fe O

g
2 3

2 56 3 16
112 48 160

160( ) ( )× + ×
+ =

⎡

⎣

⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥

=

40.  

   C2H6 + 72 O2 → 2CO2 + 3H2O

 ⇒ 2C2H6 + 7O2 → 4CO2 + 6 H2O

 4  CO2 2 

 1  (44 g) CO2  

       = 
2
4

1
2

2

mol ethane
mol CO

mol CO

       = 12       

      = 0.5 

41.

  

H2 O   +   Fe2+ Fe3+ + H2O

(1e– × 2 )

2

1e–

–2–1

  1 H2O2 + 2Fe2+ → Fe3+ + H2O

 ⇒ H2O2 + 2Fe2+ + 2H+ → 2Fe3+ + 2H2O
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42.

C 76.6 12
76 6
12

6 38. .  = 6 38
1 06

6.
. 6

H 6.38 1 6 38
1

6 38. .= 6 38
1 06

6.
.

  = 6

O 17.02 16 17 02
16

1 06. .= 1 06
1 06

1.
.

= 1

         =          C6 H6 O

   

n      =

  

=

94

= 47
94

= 1

  (C6H6O) × 1 = C6H6O

43.

%

Na 14.31 14 31
23

0 62. . 0 62
0 31

2.
.

S 9.97 9 97
32

0 31. . 0 31
0 31

1.
.

H 6.22 6 22
1

6 22. . 6 22
0 31

20.
.
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O 69.5 69 5
16

4 34. . 4 34
0 31

14.
.

    = Na2 S H20 O14

n = = 322 = 1
Na S H O2 20 14

2 23 1 32 20 1 14 16
46 32 20 224
322

 
= × + × + × +
= + + +
=

⎡

⎣

( ) ( ) ( ) ( )⎢⎢
⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥
⎥

322

 = Na2 S H20 O14

 

 ∴  Na2 SO4 . 10H2O 

44.  (i)

 

K Cr O K I H SO K SO Cr SO I H O2

6

2 7

1

2 4 2 4

3

2 4 3

0

2 2

+ − +

+ + → + + +( )

2 × 3e– 1e–

 

K Cr O + 6KI2 2 7 + → + + +

+ +

H SO K SO Cr SO2 4 2 4 2 4 3 2 2

2 2 7 6

( ) I H O

K Cr O KI H22 4 2 4 2

2 2 7 26

SO

K Cr O KI

→ + +

+ + → +

K SO H O

Cr

Cr (SO ) + 3I

7H SO 4K SO

2 4 3 2

2 4 2 4 (( )SO I4 3 23+ + 7H O2

(ii)

 

KMnO Na SO MnO Na SO KOH
+ + + +

+ ⎯ →⎯ + +
7

4 2

4

3

4

2 2

6

4

3e– 2e–

 

⇒ ⎯ →⎯ + +

⇒ + ⎯→⎯

2KMnO + 3Na SO

2MnO + 3

4 2 3

2

MnO Na SO KOH

KMnO Na SO

2 2 4

4 2 32 3 NNa SO2 4 + KOH

 ⇒ + + ⎯→⎯ + +2 3 2 34 2 3 2 2 4KMnO Na SO MnO Na SOH O 2KOH2
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(iii)

 
2e– 1e–

Cu HNO Cu NO N o H O
0 5

3

2

3 2

4

2 2+ ⎯ →⎯ + +
+ + +

( )

 

Cu + 2HNO

2HNO 2NO

3

3 2

⎯→⎯ + +

+ + ⎯→⎯ + +

Cu NO NO H O

Cu HNO Cu NO

( )

( )

3 2 2 2

3 3 22 22

4 2 2

2

3 3 2 2 2

H O

Cu HNO Cu NO NO H O+ ⎯→⎯ + +( )

(iv) 

 
5e– 1e– × 2

KMnO H C O H SO K SO MnSO CO H O
+ + + +

+ + ⎯ →⎯ + + +
7

4 2

3

2 4 2 4 2 4

2

4

4

2 2

 

2KMnO + 5H C O4 2 2 4 + ⎯→⎯ + + +

+ +

H SO K SO MnSO CO H O

KMnO H C O H

2 4 2 4 4 2 2

4 2 2 42 5 22 4 2 4 2

4 2 2 4 2 4 22 5 3

SO K SO H O

KMnO H C O H SO K SO

⎯→⎯ + +

+ + ⎯→⎯

2MnSO + 10CO4 2

44 4 2 22 10 8+ + +MnSO CO H O

45.  (i) 

 

MnO Mn
Sn Sn

+
− +

+ +

⎯ →⎯
⎯ →⎯

7

4
2

2 4

1............. ( )
and ............. (22)

 

( )
( )
1 8 5 4
2 2

4
2

2
2 4

⇒ + + ⎯ →⎯ +
⇒ ⎯ →⎯ +

− − − +

+ + −

MnO H e Mn H O
Sn Sn e

 

2 16 10 2 8

5 5 1
4

2
2

2 4

+ + ⎯ →⎯ +

⎯ →⎯ +

− − − +

+ +

MnO H e Mn H O

Sn Sn  00e−

⇒ + + ⎯ →⎯ + +− + + + +2 5 16 2 5 84
2 2 4

2MnO Sn H Mn Sn H O

(1) × 2 ⇒

(2) × 5 ⇒
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(ii)

 

C O CO

Cr O Cr

2

3

4
2

4

2

2

6

7
2 3

1
+

−
+

+
− +

⎯ →⎯

⎯ →⎯

................. ( )

.................. ( )2

 

( ) ................. ( )1 2 2 32 4
2

2⇒ ⎯ →⎯ +− −                 C O CO e
CCr O H Cr H O2 7

2 3
214 2 7 4− + ++ ⎯ →⎯ +   ................. ( )

 

(3) × 3 ⇒      
 
3 6 6 5

14 6
2 4

2
2

2 7
2

C O CO e
Cr O H

− −

− +

⎯ →⎯ +
+ +

................. ( )
    e Cr H O− +⎯ →⎯ +2 7 43 2 ................. ( )

Cr O C O H Cr CO H O2 7
2

2 4
2 3

2 23 14 2 6 7− − + ++ + ⎯ →⎯ + +     

(iii)

⇒ 
S O S O

I I
2 3

2
4 6

2

2

1

2

− −

−

⎯→⎯

⎯→⎯

............... ( )

............... ( )

 

(1)  ⇒

(2)  ⇒

(3) + (4)  ⇒

2 2 3

2 2
2 3

2
4 6

2

2

S O S O e

I e I

− − −

− −

⎯→⎯ +

+ ⎯→⎯

............... ( )

................ ( )4

2 22 3
2

2 4 6
2S O I S O I− − −+ ⎯→⎯ +

 

 (iv) 

 

Zn Zn

NO NO

O
⎯ →⎯

⎯ →⎯

+

+
−

+

2

5

3

2

1

2

............... ( )

............... ( ))

 

( ) ............... ( )
( )
1 2 3
2 3 4 2

2

3

⇒ ⎯ →⎯ +
⇒ + + ⎯ →⎯ +

+ −

− − +

Zn Zn e
NO e H NO HH O2 4............... ( )

 

( ) ............... ( )
( )
3 3 3 3 6 5
4 2 2 6 8

2

3

× ⇒ ⎯ →⎯ +

× ⇒ + +

+ −

− − +

Zn Zn e
NO e H ⎯⎯ →⎯ +2 4 62NO H O ............... ( )

3 2 8 3 2 43
2

2Zn NO H Zn NO H O+ + ⎯ →⎯ + +− + +
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 - 2

: 

1) :  = 1 keV

 = 

 

 

 m =  = 9.1 × 10–31 kg

 h =  = 6.626 × 10–34 Js

 1 eV = 1.6 × 10–19 J

 

λ

λ

= ×

× × ×

= ×

× ×

−

−

−

−

6 626 10
2 9 1 10 1

6 626 10
2 9 1 10

34

31

34

3

.
.

.
.

Js
kg keV

JS
11 3 19

11

1 10 1 6 10
3 88 10

× × × ×
= ×

−

−

.
.

kgJ
mλ  

[ .

( ) .
]

Js
J kg

J kg s

kgm s kg s
m

=

=
=

−

−
−

1
2

1
2

2 2 1
2

1
2

2. 

 v = 5.7 × 105ms–1 x = ?

   Δ Δ ≥x p h.
4π

 

h kgm s

h

x p

4
6 626 10
4 3 14

4
5 28 10

5 28 10

34
2 1

35

35

π

π

= ×
×

= ×

Δ Δ ≥ ×

−
−

−

−

.
.

.

. .
ΔΔ Δ ≥ ×

⇒ Δ ≥ ×
× × ×

−

− −

−

x m v

x kgm s
kg

. . .
.

. .

5 28 10
5 28 10

9 1 10 5 7 10

35

35 2 1

31 55 1

101 017 10
ms

x m

−

−⇒ Δ ≥ ×.
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3. n = 4

 l = 0, 1, 2, 3

  4  s, p, d & f.

 l = 0 ml = 0   4s .

 l = 1 ml = –1, 0, + 1   4p 
.

 l = 2 ml = –2, –1, 0, +1, +2   4d 
.

 l = 3 ml = –3, –2, –1, 0, +1, +2, +3   
 4f .

  16 

4.

n l

n
 –

 l 
–

 1

 l 

n
 –

 1

3d
4f

3
4

2
3

0
0

2
3

2
3

5. E
n

eVn = −13 6
2
.

 

 n E eV

E eV

= ∴ = −

= −

3 13 6
9
1 51

3

3

.

.

6. Fe3+  1s2 2s2 
2p6 3s2 3p6 4s0 3d5

 3d5

 Mn2+  1s2 
2s2 2p6 3s2 3p6 4s0 3d5

  

 Ar   1s2 2s2 
2p6 3s2 3p6 

7.

 

4 f 2

f-

 n = 4 ; f  l = 3  ml = – 3, 
–2, –1, 0, +1, +2

 
ml = –3  4f 

ml = –2  
4f 

  

n l m
l

m
s

1e– 4 3 –3 +1/2
2e– 4 3 –2 +1/2

8. 

  Fe3+ 

1s2 2s2 2p6 3s2 3p6 4s0 3d5

 Ni2+ 

 1s2 2s2 2p6 3s2 3p6 4s0 3d8

 Fe3+  
3d5 
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I  :

1. ( )  30 

2. ( )  4.42 x 10-18 J

3. ( )  λ1 = 2λ2

4. ( )  

5. ( ) 

6. ( )  n=6 to n=5 

7. ( ) 

8. ( )  dz2, dx2-y2

9. ( ) 

10. ( )  [Xe]4f7 6s2 ; [Xe]4f7 5d1 6s2 ;  
  [Xe]4f9 6s2  

11. ( )  4l+2 

12. ( )  √6 h/2π

13. ( )   2

14. ( ) 

15. ( )  9

16. ( )  ns→(n-2)f→(n-1)d→np

17. ( )  (ii),(iv) & (v)

18. ( )  7

19. ( )  

20. ( )  1/2m √h/π

21. ( )  6.6 x 10-31 cm

22. ( )  0.4 

23. ( )  -9E

24. ( )  H E
∧

=ψ ψ
25. ( )  ΔE.ΔX ≥h/4π

II. 

1. 

 M2+ : 1s2 2s2 2p6 3s2 3p6 3d6

 M    : 1s2 2s2 2p6 3s2 3p6 3d8  

  = 26

   =56 

 

 = 56 -26 = 30

 2. E = hν = hc/λ

 

= × × ×
×

= ×

− −

−

−

      

   

 

6 626 10 3 10
45 10

4 42 10

34 8 1

9

18

.

.

J s m s
m

J

3. 

 

E
E

eV
eV

hc
hc

1
2

25
50

1
2

1
2

2

1

2

2 1

= =

× =

=

 
 

  

λ
λ

λ λ

4. 

 

5. : 
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6. n = 6 to n=5 

 E6 = -13.6 / 62 ;  E5 = - 13.6 / 52

 E6 - E5 = (-13.6 /62) - (-13.6/52)  

 = 0.166 eV atom-1

 E5 - E4 = (-13.6 /52) - (-13.6/42)

 = 0.306 eV atom-1

9. 

 ms = +½

  ms = -½

10.  Eu : [Xe] 4f7, 5d0, 6s2

 Gd : [Xe] 4f7, 5d1, 6s2

 Tb: [Xe] 4f9, 5d0, 6s2

11 2(2l+1) = 4l+2

12.    = 
√(l(l+1) h/2π d  = √(2 x 
3)  h/2π = √6 h/2π

13 n = 3;  l=1; m = -1

 3px  3py 

 3px  
3py 

14 

 = n-l-1

= l

 3p  

=3-1-1 = 1

=1

15. n = 3; l = 0;  ml = 0 -  s 

 n = 3; l = 1;  ml = -1, 0, 1 -  p 

 n = 3; l = 2;  ml = -2, -1, 0, 1, 2 -  
d 

16. n = 6 

 6s →4f →5d →6p

 ns → (n-1)f →(n-2)d → np

17 (ii) l  0  n-1 

 n=2;  'l'  0, 1 
 l = 2 .

 (iv) l=0 ; m=-1  

 (v) n=3  l = 4  m = 3 

18. n+l = 8 105 
 [Rn]  

5f14  6d3 7s2

(n
+

l)

5f 5+3 = 8 14
6d 6+2 = 8 3
7s 7+0 = 0 2

= 14 + 3 = 17



282

19.   ( ) -  (  2.9 

)

20. 

 

Δ Δ

Δ Δ

Δ

Δ

Δ

Δ

x p h

p p h

p h

m v h

v h
m

v
m

h

.

.

( )

( )

≥

≥

≥

≥

≥

≥

4

4

4

4

4
1
2

2

2 2

2

π

π

π

π

π

π

 

 

  

21.

 m = 100 g = 100 x 10-3 kg

 v = 100 cm s-1 = 100 x 10-2 m s-1 

 

λ =

= ×
× × ×

= ×

−

− − −

− −

h
mv

Js
kg ms

ms

6 626 10
100 10 100 10
6 626 10

34 1

3 2 1

33

.

. 11

31 16 626 10= × − −. cms

23.  

 

II  
: 

27. n = 4 l = 0, 1, 2, 3

   s, p, d, f

 l = 0  ml = 0 ;  4s .

 l = 1  ml = –1, 0, +1 ;  4p 
.

 l = 2  ml = –2, –1, 0, +1, +2 ;  4d 
.

 l = 3  ml = -3, –2,  –1, 0, +1, +2, +3; 
 4f 

 .

28.

n l

n 
– 

l –
 1

1

2s 2 0 1 0
4p 4 1 2 1
5d 5 2 2 2
4f 4 3 0 3

30. i)  

 

 ii) 

 

32. 

Orbital n l

3px 3 1

4 2 2d
x y−

4 2
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34.

 

Δ Δ ≥

Δ Δ ≥ ×
Δ Δ ≥ ×

− −

− −

x p h

x p Kgm s
x m v Kgm s

.

. .

. ( ) .

4
5 28 10

5 28 10

35 2 1

35 2 1

π

   v = 0.1%

  v = 2.2 × 106 ms–1

  m = 9.1 × 10–31 Kg

 

Δ = × ×

= ×

−

−

v ms

ms

0 1
100

2 2 10

2 2 10

6 1

3 1

. .

.

 

∴Δ ≥
×

× × ×
Δ ≥ ×

− −

− −x Kgm s
Kg ms

x

5 28 10
9 1 10 2 2 10
2 64 10

35 2 1

31 3 1
.

. .
.    −−8m

35. 

 

 

1s2 2s2 2p4

2px 2py 2pz

 8-  2px 

n = 2, l = 1, ml =  +1  -1 
s = –1/2

 = 

 
1s2 2s2 2p6 3s2 3p5

3px 3py 3pz

15th  3PZ  n 
= 3, l = 1,

 ml = 0  ms = +1/2

36. 

E
n

eV atom

n E eV atom

n E

n = −

= = − = − = −

= =

−

−

13 6

3 13 6
3

13 6
9

1 51

4

2
1

3 2
1

4

.

. . .

−− = − = − −13 6
4

13 6
16

0 852
1. . . eV atom

 E = (E4 – E3) = (– 0.85) – (–1.51) eV 
atom–1

   = (– 0.85 + 1.51)

   = 0.66 eV atom–1

 (1eV = 1.6 × 10–19 J)

 E = 0.66 × 1.6 × 10–19 J

 E = 1.06 × 10–19 J

 hv = 1.06 × 10–19 J

 

hc J

hc
J
JS ms

λ

λ

= ×

∴ =
×

= × × ×

−

−

− −

1 06 10

1 06 10
6 626 10 3 10

1 0

19

19

34 8 1

.

.

.
. 66 10

1 875 10

19

6
×

= ×

−

−

J
mλ .

37.  : 
5400 Å.

 m = 54 g

 v = ?

 

λ

λ

=

=

= ×
× × ×

= ×

−

− −

−

h
mV

V h
m

V JS
Kg m

V

6 626 10
54 10 5400 10
2 27 10

34

3 10

26

.

. mms−1
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38.
 

n l

m
l  

4 2 4d –2, –1, 
0, +1, +2

 4d 

5 3 5f –3, –2, 
–1, 0, 

+1, +2, 
+3

 5f 

7 0 7s 0  7s 

41. : 35 
( )

  : 35

 

 1s2 2s2 2p6 3s2  3p6 4s2 3d10 4p5

 4Px 4Py 4Pz

 4Py 

 n = 4 l = 1 ml =  +1  -1 
 s = –1/2

43. He+  He2+ + e–

 
E z

nn = −13 6 2

2
.

 

E

E

=
−

= −

=
−

∞
=∞

13 6 2
1

56 4

13 6 2
0

1

2

2

2

2

. ( )
( )

.

. ( )
( )

  
 = E  – E1 = 

0 – (– 56.4) = 56.4 ev

44. 

x – 1 x

x – 1 x –1

y y

 

x of x

x x x x

y

   . %
. .

.

y = +

= +⎛
⎝⎜

⎞
⎠⎟

= +

=

11 1
11 1
100

0 111

1 1111x

  = 37

 

 + 

 = 37

 ( x – 1) + 1.111x = 37

 x + 1.111x = 38

 2.111x = 38

 
x = 38

2 11.

 x = 18.009 x = 18 ( )

   = x – 1

    = 18 –1 = 17

               = 37

  17
37Cl −
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45) 

r n
z

E
z

n
ev atomn n= =

− −( . ) . ( )0 529 13 62 2

2
1A

o

  Li2+  z = 3

(r3)  

 = ( . ) ( )0 529 3
3

2

 = 0.529 × 3

 = 1.587 Å

 (E4) = −13 6 3
4

2

2

. ( )
( )

 = – 7.65 eV atom–1

46) 

 v = 2.85 × 108 ms–1

 mp = 1.673 × 10–27 Kg

 

λ

λ

=

= ×
× × ×

= ×

− −

− −

h
mv

kgm s
kg ms

6 626 10
1 673 10 2 85 10

1 389

34 2 1

27 8 1
.

. .

. 110 1 389 10

1 10

15 5

10

− −

−

⇒ = ×

=

λ .

[ ]

A

A m

o

o

 

47) m = 160 g = 160 × 10–3 kg

 v = 140 km hr–1 = 140 10
60 60

3
1×

×
−ms

 v = 38.88 ms–1

 

λ

λ

λ

=

= ×
× ×

= ×

− −

− −

−

h
mv

Kgm s
Kg ms

6 626 10
160 10 38 88
1 065 10

34 2 1

3 1

34

.
.

. mm

48) x = 0.6 Å = 0.6 × 10–10 m

 p = ?

 

Δ Δ ≥

Δ Δ ≥ ×
× Δ ≥ ×

⇒ Δ

− −

− −

x p h

x p kgm s
p

.

. .
( . ) .

4
5 28 10

0 6 10 5 28 10

35 2 1

10 35

π

pp kgm s
m

p kgms

≥ ×
×

Δ ≥ ×

− −

−

− −

5 28 10
0 6 10

9 10

35 2 1

10

25 1

.
.

49)  x = v = ?

 

Δ Δ ≥

Δ ≥

Δ ≥

Δ ≥
× ×

=⎡
⎣⎢

⎤
⎦⎥

Δ ≥

x p h

m v h

v h
m

v h

m h
mv

h
mv

v v

.

.( )

( )

4

4

4

4

π
λ

π

π λ

π
λ

44π

4π
v

50)   = 100V

    = 100 × 1.6 × 10–19J

 

λ

λ

=

= ×

× × × × ×
=

− −

− −

h
mev

Kgm s
Kg J

2
6 626 10

2 9 1 10 100 1 6 10
1

34 2 1

31 19

.
. .

.222 10 10× − m
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51)
n l m

l

4 2 0 4d

3 1 0 3p

5 1 –1, 0, +1 5p

3 2 –2 3d

 - 3

2.   : 120

  IUPAC  : Unbinilium

  IUPAC   : Ubn

  
 :[Og] 8s2

3.  : (n – 1)d2 ns2

 n = 5,   
1s2 2s2 2p6 3s2 3p6 4s2 3d10 4p6 4d2 5s2   
  : 40

 4   5th  (d 
)  = 

(Zirconium)

4. 

 
Al s s p s p

n n n

13 2

2

2 6

1

2 11 2 2 3 3
( ) ( )− −

� �� �� ��� �� ��� ��

'S
' 

n
(n – 1)
(n – 2)

2
8
2

0.35
0.85

1

0.70
6.80
2.00
9.50

  = Z – S

  = 13 – 9.5

 (Zeff)Al    = 3.5

 

 
1 2 2 3 32 2 6 2 5s s p s p� ��� �� ��� ��

'S
' 

n 6 0.35 2.1
(n – 1) 8 0.85 6.8
(n –2) 2 1 2

S = 10.9

  = Z – S

 = 17 – 10.9

 (Zeff)cl    = 6.1

 (Zeff)cl > (Zeff)Al  rcl < rAl.

5. 

 X3+, Y2+, Z– 
.

nn-1n-2
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 348

35 5
17 75

kJ

g
g

.
.×  

 
=

= 
348

2
174 kJ : 3.1

 2 

(Å
) 2.5

2

1.5

1

0.5

0.89

1.36

1.74
1.91 1.98

0
0 10 20 30 40 50 60 70 80 90 100

- 17 

(Å
) 1.4

1.2

1

0.8

0.6

0.4

0.2

0
00 10

0.72

0.99
1.14

1.33

20 30 40 50 60

 - 3

(Å
)

1.8

1.57
1.36

1.25
1.17 1.1 1.04

0.99

1.6

1.4

1.2

1

0.8

0.6

0.4

0.2

0
10 11 12 13 14 15 16 17 18 19 20

Covalent radii - 43 

  

 ( ) ( ) ( )Z Z Zeff Z eff Y eff X− + +< <2 3  

 r r r
Z Y X− + +> >2 3

  ,

Z– 136
Y2+ 64
X3+ 49

6.  : 1037 kJ mol–1  
2372 KJmol–1 

 X,  
IE1, 

 IE1  IE2 

 X 

 Y, 

 
y 

 Z  IE1  
IE2 

7. Cl(g) + e–  Cl–(g) H = 348 kJ mol–1

  (35.5g) 

 348 kJ 

 17.5g ,
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2.5

2.03
1.74

1.44 1.32 1.22 1.17 1.17 1.16 1.15 1.17 1.25 1.22 1.21 1.14 1.21 1.14
1.14

2

1.5

1

0.5

0
15 20 25 30 35 40

(Å
)

I  

1. ( ) bibibium 

2. ( ) AB2

3. ( ) f-

4. ( )  I < Br < Cl < F 

5. ( ) )  

6. ( )  

7. ( )  Na <  Al < Mg < Si < P 

8. ( ) 

9. ( ) Ca < Al < C < O < F

10. ( ) Cl > F > Br > I  

11. ( )  

12. ( ) 

13. ( ) Y > Z > X > A

14. ( ) 

15. ( ) 1s2, 2s2, 2p6, 3s1

16. ( ) 

17. ( ) +527 kcal mol-1

18. ( ) s > p > d > f 

19. ( ) 

20. ( ) 575 kJ mol-1

21. ( )

22. ( ) 

23. ( ) Be  Al  
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 - 4
 

I  

1. ( ) 

2. ( ) CO + H2

3. ( ) 

4. ( ) 

5. ( ) 1p+2n

6. ( ) 

7. 

8. ( ) 1.2 g

9. 

10. ( ) CaCl2

11. 

12. 
2O2 2

13. ( ) CrO(O2)2

14. ( ) 5/2

15. ( ) 8.4

16. ( ) sp3  sp3

17. 

18. 

19. 

20. 

21) 

1)   ( )

  : 

2)  ( )

 CO + H2 - 

3)  ( )

  : 

4)  ( )

  :   
(Na+ H–)

5)  ( )

 1T3 (1e–, 1p, 2n)

7)  ( )

  Ca2+ + Na2CO3  CaCO3  + 2Na+

8)  = 2 × 

 1.2 g 

 
2.4g. 

  (2.4 – 1.2 = 1.2 g)

  ( )

9) EDTA (  ( ))

10) Ca2+  Mg2+ 
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 ( ) CaCl2

11) 
.

 (NaAlSi2O6 . H2O)

  ( )

12) ( ) 
(STP ) 1 mL H2O2  100ml 
O2 -  STP.

13) Cr2O7
2– + 2H+ + 4H2O2  2CrO(O2)2 

+ 5H2O

  ( )

14) 2MnO4
– + 5H2O2(aq) + 6H+  2Mn2+ 

+ 5O2 + 8H2O

  ( ) 5/2

15) 

 =  
× 5.6

      = 1.5 × 5.6

      = 8.4

  ( )

 

16) sp3  sp3

  ( )

17) 

D2O,  

   

O

P

H
H O – H

  

  ( ) 

18) ( )  4 
  

(  4.6 - 
)

19)

 

o-

O O

O
N

H

 
p - 

OH

N

O

O

No2

H

O
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20)  ( )

 

21) 
.  

  ( )

 - 5

I  .

1. ( ) : Li < K < Na < Rb < C 

2. ( )

3. ( )

4. ( ) Li 

5. ( )  

6. ( )

7. ( )

8. ( )

9. ( ) MI < MBr < MCl < MF

10. ( ) 

11. ( )  Ca(CN)2

12. ( ) MgCl2

13. ( ) p-2, q-1, r-4, s-5, t-6, u-3

14. ( ) 

15. ( )

16. ( ) MgCO3 > CaCO3 > SrCO3 > BaCO3

17. ( )

18. ( ) 

19. ( ) NaHCO3

20. ( ) Ca(OH)2

21. ( ) 
Ca2+

22. ( ) CaF2

23. ( ) CaSO4.2H2O

24. ( ) CaNCN

25. ( ) Li2CO3

1)  ( )

 
 

 (  5.3 )

 

 Li < K < Na < Rb < Cs

 0.54 < 0.86 < 0.97< 1.53< 1.90(in g cm–
3)

2)  ( )

  
Li+ 

Li+ > Na+ > K+ > Rb+ > Cs+

3) 

. 

 ( ) 
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.

4) Li+  
Li+ 

 ( ) Li

5) ( ) 

6) RbO2 
 Rb+  O2

– 
.  

O2
– 

.

  ( )

7) 
. 

  ( )

8) 

Li Be B

Mg Al Si

  ( )

9)  (
)

 MI < M Br < MCl < MF

  ( )

10) 

 NaOH  Na+ + OH–

 : Na+ + e–  Na

 : 2OH– H2O + 1/2O2 + 2e–

  ( )

11) CaC N Ca CN
oC

Calciumcyanide
2 2 2

300 350+ ⎯ →⎯⎯⎯⎯− ( )

  ( )

12) ( ) MgCl2

 

 Be2+ > Mg2+ > Ca2+ > Sr2+ > Ba2+

13. (p)  –  (2)

 (q)  –  (1)

 (r)  –  (4)

 (s)  –  (5)

 (t)  –  (6)

 (u)  –  (3)

  ( )

14. ( )

 
 K, Rb  Cs 

 
O2

–  3 

15. ( )

 

.

16. 

 ( ) MgCO3 > CaCO3 > SrCO3 > BaCO3

17)  : 
 

 ( )

18) Ca(OH)2

(Milk of 
Lime ) 

(Lime Water ) 

 ( )

19) 
 

2 3 2 3 2 2NaHCO Na CO H O COΔ
↓

⎯ →⎯ + + ↑

2HCl

2 NaCl + H2O + CO2 
  ( )
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20) 

H2O

CaCO CaO CO

x

Colourlessgas

CalciumOxide residue

3 2Δ
⎯→ + ↑

Δ −

−

( )

( )( )

CCO

Ca HCO Ca OH

C B

CO
2

3 2 2

2( ) ← ⎯⎯ ( )

( ) ( )

21) Ca2+ 

.

 ( )

22) 'Blue john'   – CaF2

 ( )

  ( )

23) CaSO4 . 2H2O    ( )

24) 

 

CaC2 + N2        CaNCN
1 atm

 
(or)

 
 ( )

25) Li2CO3 
.

  ( )

- 6

:

1.  (V1) = 1.5 dm3

  (P1) = 0.3 atm 

 'T' 

 P2  = 1.2 atm

 V2 = ?

 ∴ P1V1 = P2V2

 

⇒ =

=
×

=

V
PV

P

atm dm

atm

dm

2
1 1

2

3

3

0 3 1 5

1 2

0 375

. .

.

.

 ∴ 1.5 dm3  0.375 

dm3 

2. V1 = 0.375 dm3  V2 = 0.125

 P1 = 1.05 atm  P2 = ?   

'T' - 

 P1V1 = P2V2

 

∴ = =
×

=

P
PV

V

atm

2
1 1

2

1 05 0 375

0 125

3 15

. .

.

.

3. V1 = 3.8 dm3 T2 = 00C = 273 K

 T1 = ?  V2 = 2.27 dm3

 

V

T

V

T
1

1

2

2

  

T
T

V
V

K

dm
dm

T K

1
2

2

1

3

3

1

273

2 27
3 8

457

=
⎛

⎝
⎜

⎞

⎠
⎟ ×

= ×

=
.

.  

 



294

4. V1 = 7.05 dm3  V2 = 2.35 dm3

 η1 = 0.312 mol η2 = ?

 'P'  'T' 

 

∴ =

⇒ =
⎛

⎝⎜
⎞

⎠⎟
×

= ×

=

V

n

V

n

n
n

V
V

n
mol

dm
dm

n

1

1

2

2

2

1

1

2

2 3

3

2

0 312

7 05
2 35

0

.

.
.

.1104 mol

0.312-0.104 = 0.208 

5) T1 = 8 0C = 8 + 273 = 281 K

 P1 = 6.4 atm  V1 = 2.1 mol

 T2 = 250 C = 25 + 273 = 298 K

 P2 = 1 atm  V2 = ?

 

PV

T

P V

T

V
PV

T

T

P

atm mol

K

K

1 1

1

2 2

2

2
1 1

1

2

2

6 4 2 1

281

298

1

=

⇒ =
⎛
⎝⎜

⎞
⎠⎟

×

=
×

×
. .

aatm

V ml2 14 25= .

6( ) 

Vo2 = 12 dm3

VHe = 46 dm3 

Vtotal = 5 dm3

T

P atm
Cons t

=
=

⎫
⎬
⎭

298

1
tan

P x P

x
n

n n

n
O O total

O

O

O He

O

2 2

2

2

2

0 54

0 54 2 05

0 54

2 59
0 21

= ×

=
+

=
+

= =

.

. .

.

.
.

22

2

1

22 4
12

0 54

1

22 4
46

2 05

= ×

=

= ×

=

mol

L
L

n mol

n
mol

L
L

n mol

O

H

H

e

e

.

.

.

.

 Ptotal ×Vtotal = 1 atm 22.4 l

 

∴ =
×

=

∴ = ×

=

P
atm l

l

P

atm

at

total

total

1 22 4

5

4 48

0 21 4 48

0 94

2

.

. atm

P . .

.

O

mm

 PHe = x He Ptotal

 

x
n

n n

x

P

He
He

O He

He

He

=
+

=
+

= =

∴ = ×

2

2 05

0 54 2 05

2 05

2 59
0 79

0 79 4 4

.

. .

.

.
.

. . 88

3 54

atm

P atmHe = .

6 (b) 2 2 3 2KClO KClS( ) (S) (g)O⎯ →⎯ +

 Ptotal = 772 mm Hg

 PH2O = 26.7 mm Hg

 

P P P

P P P

total O H O

O total H O

= +

∴ = −
2 2

2 2

 P1 = 26.7 mm Hg T2 = 295 K
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 T1 = 300 K  P2 = ?

     

P
T

P
T

P P
T

T
mmHg

K
K

P mmHg

PO

1

1

2

2

2
1

1
2

2

26 7
300

295

26 26

=

⇒ =
⎛
⎝⎜

⎞
⎠⎟

= ×

=

∴

.

.

22
772 26 26

745 74

= −

=

.

. mmHg

7) t1 = 1.5 minutes (  

 t2 = 4.73 minutes 

 

 

,

 

n(12) + (2n+2) 1 = 16

12n + 2n + 2 = 16

14n = 16 – 2

14n = 14

n = 1

∴ C1H2(1)+2 =  CH4

8)  

 
∴ 700 K, 

 

1. ( )

 

2. ( ) 

3. ( ) 
P an

V
V nb nRT+

⎛

⎝
⎜

⎞

⎠
⎟ −( ) =

2

2

4. ( ) 

5. ( ) 1/3

6. ( )  

7. ( ) 

8. ( ) 

9. ( ) 
 

10. ( ) 8.3 J mol-1 K-1

11. ( ) 
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12. ( ) NH3

13. ( ) I, II  III

14. ( ) 0.41 dm3

15. ( ) P

16. ( ) 4

17. ( ) 1/8

18. ( ) 1/T

19. ( ) P

20. ( ) NH3

21. ( ) mol-1 L  L2 atm mol-2

22. ( ) 

23. ( ) 3.41 g L-1

24. ( )  

25. ( ) HI 

5. 

 

6.   

8.   α 1/√m

 mNH3
 = 17 ; mHCl = 36.5

 γNH3 
>

 
γHCl 

 

12. 'a', 

  

( ) 

14. 

 

15. T1 T2 = 2T1

 V1 V2 = 2V1

 P1 P2 = ?
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P V
T

P V
T

P P V
T

T
V

P V
T

T
V

P P

1 1

1

2 2

2

2
1 1

1

2

2

1 1

1

1

1

2 1

2
2

=

= × = ×

=

 

  

  ( )

16.

 

γ

γ
H

C H

C H

H

C H

n n

n n

n n

m
m

m

2

2 2

2 2

2

2 23 3
2

+

+

+

=

=  

  

 27  2 = mCnH2n-2 54 = n(12) + (2n-2)(1)
 54 = 12n + 2n -2
 54 = 14n - 2

 n = (54+2)/14 = 56/14 = 4

17.

 

γ

γ

γ γ

O

H

H

O

O H

m
m

2

2

2

2

2 2

2
32

1
4

1
4

= = =

=

  

 

  1/8 

18.
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19.  'a' 

21.

 an2/V2 = atm

 a = atm L2/mol2 = L2 mol-2 atm

 nb = L

 b = L/mol = L mol-1

22. 

:  CO2 

 304 K.  

 304 K, 

  

23. 

= = m

5 atm
0.082 L atm K-1 mol-1 500 K

nRT
P

m
n

P
RT

P
RT

= 14 g mol-1

= 3.41g L-1

24.  

 V α T 

 P  α 1/V 

   PV = 

25.   

  α 

  α  / 

 α 28 / 

 

.  HI 

: 

46. T1 = 150 C + 273 T2 = 38 + 

273

 T1 = 288 K  T2 = 311 K

 V1 = 2.58 dm3   V2 = ?

 (P = 1 atm )

 

V
T

V
T

V V
T

T

dm
K

K

1

1

2

2

2
1

1
2

32 58
288

311

=

=
⎛
⎝⎜

⎞
⎠⎟

×

= ×
.

 V2 = 2.78 dm3  

2.58 dm3  2.78 dm3 

47. V1 = 3.8 dm3 V2 = 2.27 dm3

 T1 = ?  T2 = 00 C = 273 K

 

V
T

V
T

V T
V

T

T dm
K
dm

T K

1

1

2

2

1
2

2
1

1
3

3

1

3 8
273

2 27

457

=

×
⎛
⎝⎜

⎞
⎠⎟

=

= ×

=

.
.

48. nA = 1.5 mol    nB = ?

 VA = 37.6 dm3    VB = 16.5 dm3  

 (T = 298 K )
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V
n

V
n

n
n
V

V

A

A

B

B

A
A

A
B

=

=
⎛

⎝⎜
⎞

⎠⎟

 

mol
dm

dm

mol

= ×

=

1 5
37 6

16 5

0 66

3
3.

.
.

.

49. n = 1.82 mole

 V = 5.43 dm3

 T = 69.5 + 273 = 342.5

 P = ?

 PV = nRT

 

P nRT
V

P

mol

dm atmmol K

K
dm

P at

=

=

×

×

=

− −

1 82

0 821

342 5
5 43

94 25

3 1 1

3

.

.

.
.

. mm

50. 

 P1 = 1.2 atm

 T1 = 180 C + 273 = 291 K

 T2 = 850 C + 273 = 358 K

 P2 = ?

 

P
T

P
T

P P
T

T

atm
K

K

P atm

1

1

2

2

2
1

1
2

2

1 2
291

358

1 48

=

=
⎛

⎝
⎜

⎞

⎠
⎟ ×

= ×

=

.

.

51.  T1 = 8 0C + 273 = 281 K 

 P1 = 6.4 atm V1 = 2.1 ml

 T2 = 250 C + 273 = 298 K 

 P2 = 1 atm  V2 = ?

 

PV
T

P V
T

V PV
T

T
P

atm ml K
K atm

V

1 1

1

2 2

2

2
1 1

1

2

2

2

6 4 2 1 298
281 1

1

=

= ×

=
× ×

×

=

. .

44 25. mol

52.   , 

 V = 154.4 x 10-3 dm3, 

 P =  742 mm of Hg

 T = 298 K m = ? 

53. 
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54. mO2
 = 52.5 g  PO2

  = ?

 mCO2
 = 65.1 g  PCO2

 = ?

 T = 300 K P = 9.21 atm 

 PO2 
= XO2

 x  

55.  

T   1 2= 998 2 98 11001 2 2          

                  

K P atom T K P; . ; ; ?= = =

        

          

                  

P
T

P
T

P P
T

T

1

1

2

2

2
1

1
2

2

=

⇒ = ×

= ..98
298

1100 11 
 

  atm
K

K atm× =

 1100 K 

 11 
atm 

 12 atm, 

 - 7
  

1. 

  

 ΔHf
0 CO2 = -393.5 kJ mol-1

 ΔHf
0 CO = -111.31 kJ mol-1

 ΔHf
0 (H2O) = -242 kJ mol-1

 CO2(g) + H2(g) → CO(g) + H2O(g)       

 ΔHr
0 = ?

 ΔHr
0 =  Σ (ΔHf) 

   –  Σ (ΔHf)

 ΔHr
0 =  [ΔHf (CO) + ΔHf (H2O)]  

   – [ΔHf (CO2 )+ΔHf (H2)]

 ΔHr
0 =  [– 111.31 + (– 242)]  

   – [– 393.5 + (0)]

 ΔHr
0 =  [– 353.31] + 393.5

 ΔHr
0 =  40.19

 ΔHr
0 =  + 40.19 kJ mol–1

2. 

  

 n = 
180

18
101

g
g mol

mol− =  

 CP =  75.3 J K–1 mol–1
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 T2 =  1000 C = 373 K

 T1 =  250 C = 298 K

 ΔH =  ?

 ΔH =  nCP (T2 – T1)

 ΔH =  10 mol × 75.3 J mol–1 K–1 × 
(373 – 298) K

 ΔH =  56475 J

 ΔH =  56.475 kJ

3.  

 
C H l O g6 6 2 2 2

7
2

6 3( ) ( ) CO (g) H O (l)+ → +

 ΔU at 250 C = –3268.12 kJ

 T = 250 C = 298 K ;

 ΔU = –3268.12 kJ mol–1

 ΔH = ?

 ΔH = ΔU + ΔngRT

 ΔH = ΔU + (np – nr) RT

 
H 3268.12 6 7

2
8 314  x 29810-3.

 ΔU =   –3268.12 

   + (2.5 × 8.314 ×10-3 × 298)

 ΔU =  – 3268.12 + 6.19

 ΔU =  – 3261.93 kJ mol–1

4.

 

 Mg(S) + Br2(1) → 

 MgBr2(S) ΔHf
0 = –524 KJ mol–1

 Mg(S) → Mg(g)  

 ΔH1
0 = +148 KJ mol–1

 Mg(g) → Mg2+(g) + 2e–   

 ΔH2
0 = 2187 KJ mol–1

 Br2(1) → Br2(g)  

 ΔH3
0 = +31 KJ mol–1

 

 Br2(g) → 2Br(g)  

 ΔH4
0 = +193 KJ mol–1

 Br(g) + e – → Br – (g) 

 ΔH5
0 = – 331 KJ mol–1

 

Mg MgBr sHf(s) Br (l) ( )+ ⎯ →⎯Δ2 2

ΔH1
0

ΔH3
0

ΔH4
0

Br2(g)

u

2 25
0

Br g Br gH( ) ( )Δ −⎯ →⎯⎯

Mg g Mg gH( ) ( )Δ +⎯ →⎯⎯2
0 2

ΔHf  =  ΔH1 + ΔH2 + ΔH3 + ΔH4 

  + 2ΔH5 + u

– 524 =  148 + 2187 + 31 + 193 



302

  + (2 × – 331) + u

– 524 =  1897 + u

u =   –524 – 1897

u =   – 2421 kJ mol–1

 Th = 1270 C = 127 + 273 = 400 K

 TC = 470 C = 47 + 273 = 320 K

η = ?

 

T T
T

h C

h

100

400 320
400

100

80
400

100

20%

6. 

 S0  = 173.8 J mol–1 K–1

 S0 (H2O) = 70 J mol–1 K–1

 S0 (CO2) = 213.5 J mol–1 K–1

 S0 (NH3) = 192.5 J mol–1 K–1

 NH2 – CO – NH2  + H2O → 

 2NH3 + CO2

 ΔSr
0=Σ(S0) –Σ(S0)

 ΔSr
0 =  [2 S0 (NH3) + S0 (CO2)] 

   – [S0  + S0 (H2O)]

 ΔSr
0 =  [2 × 192.5 + 213.5] 

   – [173.8 + 70]

 ΔSr
0 =  [598.5] – [243.8]

 ΔSr
0 =  354.7 J mol–1 K–1

7. 

 Tb = 351 K

 ΔHvap = 39840 J mol–1

 ΔSv = ?

 

Δ =
Δ

Δ =

Δ = − −

S
H
T

S

S J K mol

v
vap

b

v

v

39840
351

113 5 1 1.

8.  

 ΔH = –10 kJ mol–1 = –10000 J mol–1

 ΔS = – 20 J K–1 mol–1

 T =  300 K

 ΔG =  ?

 ΔG =  ΔH – TΔS

 ΔG =  – 10 kJ mol–1 – 300 K × 
(–20x10-3) kJ K–1 mol–1

 ΔG =  (–10+6) kJ mol–1

 ΔG =  – 4 kJ mol–1

 At 600 K
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 ΔG =  – 10 kJ mol–1 – 600 K 

   × (–20x10-3) kJ K–1 mol–1

 ΔG =   (–10 + 12) kJ mol–1

 ΔG =  + 2 kJ mol–1

 300K ΔG 

K ΔG 

I. .

1.  ΔH

2.  

3.   q = 0

4.  = 0

5.  w = –ΔU

6.  

7.   – 900 J

8. 

9.   – 67.6 kcal

10.  

11.    – 462 kJ

12. 

13.  ΔH < ΔU

14.  +3 kJ

15.  –2.48 kJ

16.  –500 R

17.  
b a2
2

18.  – 635.66 kJ

19.  80 kJ mol–1

20.  ΔH < 0 and ΔS > 0

21.  

22.  (–, –, +)

23.   27 0C 

24. CaCO3(S) → CaO(S) + CO2(g)

25.  300K

7. 

 w = – P Δ V

 w = – (1 × 105 Nm–2) 

       (1 × 10–2 m3 – 1 × 10–3 m3)

 w = –105 (10–2 – 10–3) Nm

 w = – 105 (10 – 1) 10–3) J

 w = – 105 (9 × 10–3) J

 w = –9 × 102 J

 w = –900 J

9.

 
CO g O g CO g( ) ( ) ( )+ →

1
2 2 2

 ΔHC
0 (CO) = ΔHf (CO2) – ΔHf(CO) + 

ΔHf (O2)]

 ΔHC
0 (CO) = ΔHf (CO2) – ΔHf(CO) + 

ΔHf (O2)]

 ΔHC
0 (CO) = – 94 KCal – [– 26.4 

KCal + 0]

 ΔHC
0 (CO) = – 94 KCal + 26.4 KCal
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 ΔHC
0 (CO2) = – 67.4 KCal

11.

 2Al + Cr2O3 → 2Cr + Al2O3

 ΔHr
0 =  [2ΔHf (Cr) + ΔHf (Al2O3)] 

– [2ΔHf (Al) + ΔHf (Cr2O3)]

 ΔHr
0 = [0 + (– 1596 kJ)] 

   – [0 + (– 1134)]

 ΔHr
0 = – 1596 kJ + 1134 kJ

 ΔHr
0 = – 462 kJ

14.

 ΔU = q + w

 ΔU = – 1 kJ + 4 kJ

 ΔU = + 3kJ

15.

 Fe + 2HCl → FeCl2 + H2

 55.85 g = 1

 ∴ n = 1

 T = 250 C = 298 K 

 w = – P Δ V

 
w P nRT

P
= − ⎛

⎝
⎜

⎞
⎠
⎟

 w = – nRT

 w = –1 × 8.314 × 298 J

 w = – 2477.57 J

 w = – 2.48 kJ

16. 

 Ti = 1250 C = 398 K

 Tf = 250 C = 298 K

 ΔH = nCp (Tf – Ti)

 
Δ = × −H R2 5

2
298 398( )

 ΔH = – 500 R

17. 

 C + O2 → CO2  ΔH0 = – a KJ   
....................... (i)

 2CO + O2 2CO2  ΔH0 = –b kJ  
 ....................... (ii)

 
C O CO H+ → Δ =

1
2 2

0 ?

 (i) × 2

 2C + 2O2 → 2CO2  ΔH0 = – 2a kJ  
....................... (iii) 

ii

 2CO2 → 2CO + O2  ΔH0 = + b kJ  
 ....................... (iv)

 (iii) + (iv)

 2C + O2 → 2CO ΔH0 = b – 2a kJ  
 ....................... (v)

 (v) ÷ 2 

 
C O CO H b a kJ+ → Δ =

−
2

0 2
2

( )
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18. 

 

 ΔHC (CH4) = – 890 kJ mol–1

 ΔHC (C3H8) = – 2220 kJ mol–1

 (15.68 – x

 CH4 + 2O2 → CO2 + 2H2O

   x 2x

 C3H8 + 5O2 → 3CO2 + 4H2O

 (15.68 – x) 5 (15.68 – x)

 2x + 78.4 – 5x = 32   

 78.4 – 3x = 32

 3x = 46.4 

 x = 15.47 

 

H
H CH

lit
x lit

H C H
litC

C C( )
.

( )
.

4 3 8

22 4 22 4
( . )

.

15 68

890
22 4

1
1

x lit

H
kJ mol

litC 55 47 2220
22 4

0 21.
.

.lit
lit

lit

HCC kJ mol kJ mol614 66 20 811 1. .

635 47 1.H kJ molC

19. 

 4EC–H   = 360 kJ mol–1

 EC–H  = 90 kJ mol–1
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 EC–C + 6 EC–H = 620 kJ mol–1

 EC–C + 6 × 90 = 620 kJ mol–1

 EC–C + 540 = 620 kJ mol–1

 EC–C  = 80 kJ mol–1

23. 

 

Δ =
Δ

=
Δ
Δ

= = =
−

− −

S
H
T

T
H
S

J mol
J mol K

K C

V
V

b

b
V

V

4800
16

300 27
1

1 1
0

25.  

 ΔG = ΔH – T Δ S

 At 300K

 ΔG =  30000 J mol–1 – 300 K 

   × 100 J K–1 mol–1

 ΔG =  0

ΔG 

: 

53.  

 n =  2 moles 

 Vi =  500 ml = 0.5 lit 

 Vf =  2 lit

 T =  250C = 298 K 

 w =  −2.303 nRTlog V
V

f

i

⎛

⎝
⎜

⎞

⎠
⎟

 w =  −2.303 × 2 × 8.314 × 298 

   × log 
2
0 5.

⎛
⎝
⎜

⎞
⎠
⎟

 w =  −2.303 × 2 × 8.314 

   × 298 × log(4) 
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 w =  −2.303 × 2 × 8.314 

   × 298 × 0.6021 

 w =  −6871 J 

 w =  −6.871 kJ

54.

 Ti = 298 K 

 Tf = 298.45 K 

 k = 2.5 kJ K−1 

 m = 3.5g 

 Mm = 28

= k ΔT

   = k (Tf − Ti) 

 = 2.5 kJ K−1 (298.45−298)K

 = 1.125kJ 

 ΔHc = 1 125
3 5
.
.

 × 28 kJ mol−1 

 ΔHc = 9 kJ mol−1

55. 

 T  = 770C = (77 + 273) = 350 K 

 T = 330 C = (33 + 273) = 306 K 

 q = 245 J 

 ΔS =  = −0.7  JK−1 

 ΔS  = = +0.8 JK−1 

 ΔS  = ΔS  + ΔS  

 ΔS  = −0.7 JK−1 + 0.8 JK−1 

 ΔS =0.1 JK−1

56.

 n = 1mole 

 P = 4.1 atm 

 V=2 Lit 

 T = ? 

 q=3710 J 

 ΔS = 
q
T

 ΔS = 
q
PV
nR

⎛
⎝
⎜

⎞
⎠
⎟

 ΔS   = 
nRq
PV  

 
Δ =

× ×
×

−

S
lit atm K J
atm lit

1 0 082 3710
4 1 2

1.
.

 
Δ =

× ×
×

−

S
lit atm K J
atm lit

1 0 082 3710
4 1 2

1.
.  

 ΔS =37.10 JK−1

57.

 ΔHf (NaCl) = 30.4 kJ = 30400 J mol−1 

 ΔSf(NaCl) = 28.4 JK−1 mol−1 

 Tf = ? 

 

Δ =
Δ

=
Δ
Δ

S H
T

T H
S

f
f

f

f
f

f
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=

−

− −T
J mol

J K molf

30400
28 4

1

1 1.

     Tf = 1070.4 K

58.

 C3H8 + 5O2 → 3CO2 + 4H2O

 ΔHC
0 = −2220.2 kJ mol−1 −−−−−(1) 

 C + O2 →  CO2

 ΔHf
0  = −393.5 kJ mol−1 −−−−−(2) 

 H2 + 
1
2 O2 → H2O 

 ΔHf
0  =  −285.8 kJ mol−1 −−−−− (3) 

 3C + 4H2 → C3H8

  ΔHC
0  = ? 

 (2) × 3  3C + 3O2 → 3CO2

 ΔHf
0  = −1180.5 kJ −−−−−(4) 

 (3)× 4  4 H2 + 2O2 → 4H2O

 ΔHf
0  = −1143.2 kJ −−−−−(5) 

 (4) + (5) − (1)  3C + 3O2 + 4H2 + 2O2 
+ 3CO2 + 4H2O → 3CO2 + 4H2O + 
C3H8 + 5O2 

 ΔHf
0  =  −1180.5 − 1143.2 

   − (−2220.2) kJ 

 3C + 4 H2 → C3H8  

 ΔHf
0  = −103.5 kJ

 
ΔHf

0 (C3H8) = −103.5 kJ

59.

S. 

No (0C)

ΔH ( kJ 

mol−1)

1. 78.4  + 42.4

2. 110.6 + 35.2

 Tb = 78.40 C = (78.4 + 273) 

 = 351.4 K 

 ΔHV( ) = + 42.4 kJ mol−1 

 
Δ =

ΔS H
TV

V

b  

 
Δ =

+ −

S
kJ mol

KV

42 4
351 4

1.
.

 

 

S
J mol
KV

42400
351 4

1

.

 ΔSV = +120.66 J K−1 mol−1

 Tb = 110.60 C = (110.6+273) 

 = 383.6 K 

 ΔHV ( ) = + 35.2 kJ mol−1 

 
Δ =

ΔS H
TV

V

b

 
Δ =

+ −

S
kJ mol

KV

35 2
383 6

1.
.
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Δ =

+ −

S
J mol
KV

35200
383 6

1

.

 ΔSV = + 91.76 J K−1 mol−1

60.

 ΔH = 30.56 kJ mol−1 

 = 30560 J mol−1 

 ΔS = 6.66 × 10-3 kJK−1mol−1 

 T = ? at which ΔG=0

 ΔG = ΔH − TΔS 

 0 = ΔH − TΔS 

 
T H

S
=

Δ
Δ  

 

T
kJmol
kJK mol

30.56
6 66

1

1 1.  ×10-3

 T = 4589 K

(i)  4589K  ΔG = 0 
 

(ii)   4589K
 ΔH > T Δ S  

 ΔG = ΔH − T Δ S > 0, 

61.

 T = 400K ; ΔH0 = 77.2 kJ mol−1=77200 

 J mol−1 ; ΔS0 = 122 JK−1 mol−1 

 ΔG0 = −2.303 RT log Keq 

 
log

.
K G

RTeq =
Δ 0

2 303

 
log

.
K

H T S
RTeq = −

Δ − Δ( )0 0

2 303

 

log
. .

log

K

K

eq

eq

= −
− ×

× ×

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟

= −

77200 400 122
2 303 8 314 400

28400
76659

⎛
⎝
⎜

⎞
⎠
⎟

 log Keq = − 3.7080 

 Keq = antilog (−3.7080) 

 Keq= 1.95 × 10−4

62.

 T = 298K ; ΔU = − 742.4 kJ mol−1 

 ΔH = ? 

 ΔH =  ΔU + Δng RT 

 ΔH =  ΔU +(np−nr) RT 

 ΔH =  − 742.4 + 2 3
2

−⎛
⎝
⎜

⎞
⎠
⎟

   × 8.314 ×10-3 × 298 

 = − 742.4 + (0.5 × 8.314 ×10-3 × 298) 

 = − 742.4 + 1.24 

 = − 741.16 kJ mol−1

63.

 EC−H  = 414 kJ mol−1 
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 EC−C  = 347 kJ mol−1 

 EC=C  = 618 kJ mol−1 

 EH−H  = 435 kJ mol−1

H H

H H

H

H

H
H

H

H
H

H

CC

CC

+

 ΔHr  =  Σ ( )r 

  − Σ p 

 ΔHr  =  (EC=C + 4EC−H + EH−H) 

   − (EC−C + 6EC−H) 

 ΔHr  =  (618 + (4 × 414) + 435) 

   − (347 +(6 × 414) ) 

 ΔHr  =  2709 − 2831 

 ΔHr  =  −122 kJ mol−1

64.

Ca(s) + Cl2(g) ⎯ CaCl(s)
ΔHf

Ca(g) Ca2+ (g)

2Cl−(g)
+

2Cl(g)

ΔH1
0

UΔH3
0

ΔH4
0

ΔH2
0

 ΔHf   =  ΔH1 + ΔH2 + ΔH3 

    + 2 ΔH4 + u 

 −795  =  121 + 2422 + 242.8 

    + (2 ×−355) + u 

 −795  =  2785.8 − 710 + u 

 −795  =  2075.8 + u 

 u  =  −795 − 2075.8 

 u  =  −2870.8 kJ mol−1

65.

 ΔHf (Fe2O3) = −741 kJ mol−1 

 ΔHf (CO) = −137 kJ mol−1 

 ΔHf(CO2) = −394.5 kJ mol−1 

 Fe2O3 + 3CO → 2Fe + 3CO2  ΔHr=? 

 ΔHr =  Σ(ΔHf)   − Σ 
(ΔHf)  

 ΔHr =  [2 ΔHf (Fe) + 3ΔHf (CO2)] 

   − [ΔHf (Fe2O3) + 3ΔHf (CO)] 

 ΔHr =  [0 + 3 (−394.5)] 

   − [−741 +3 (−137)] 

 ΔHr = [−1183.5] − [−1152] 

 ΔHr = −1183.5 + 1152 

 ΔHr = −31.5 kJ mol−1

66.

 T = 1750 C = 175 + 273 = 448K

[A] = 1.3%

[B] = 95.2%

[C] = 3.5%
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 B ⇌ A

 95.2% 1.3% ⇒ 

 K1 = 
1 3
95 2
.
.

= 0.0136

 B ⇌ C

 95.2% 3.5% ⇒ 

 K2 = 
3 5
95 2
.
.

= 0.0367

 ⇒ ΔG1
0
  = − 2.303 RTlogK1

  ΔG1
0
 = − 2.303 × 8.314 × 448 

       × log 0.0136

 ΔG1
0
 = +16010 J

 ΔG1
0
 = +16 kJ

 ⇒ ΔG2
0
= − 2.303 RT log K2

 ΔG2
0
 = −2.303 × 8.314 × 448 

           × log 0.0367

 ΔG2
0
 = +12312 J

 ΔG2
0
 = +12.312 kJ

67.

 T = 33K

 N2O4  ⇌ 2NO2

100% 0 

50% -

50%   100%

Keq = 
100
50

 = 2 

ΔG0 = −2.303 RTlogKeq 

ΔG0 = −2.303 × 8.314 × 33 × log 2 

ΔG0 = −190.18 J mol−1

68.

 ΔHf
0

 (SO2) = − 297 kJ mol−1 

 ΔHf
0

 (SO3) = − 396 kJ mol−1 

 SO2 + 
1
2  O2 → SO3  ΔHr

0
 = ? 

 ΔHr
0

 =  ( ΔHf
0

)compound  

   − Σ (ΔHf)elements 

 Δ = Δ − Δ + Δ⎛
⎝
⎜

⎞
⎠
⎟H H SO H SO H Or f f f

0 0
3

0
2

0
2

1
2

( ) ( ) ( )

 ΔHr
0

 =  − 396 kJ mol−1 

   − (−297 kJ mol−1 + 0) 

 ΔHr
0

 = −396 kJ mol−1 + 297 

 ΔHr
0

 = − 99 kJ mol−1

69.

 T = 298 K 

 ΔH = 400 J mol−1 = 400 J mol−1 

 ΔS = 0.2 J K−1 mol−1 

 ΔG = ΔH − TΔS 

 if T = 2000 K 

 ΔG = 400 − (0.2 × 2000) = 0 

 if T > 2000 K 

 ΔG will be negative.

 The reaction would be spontaneous 

only beyond 2000K
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70.

 T = 298K 

 ΔGr
0   = − 13.6 kJ mol−1 

 ΔG0  = − 2.303 RT log Keq 

 
log

. RT
K G

eq =
−Δ 0

2 303  

log K
J mol
JK mol Keq

13.6k
2 303 8 314 298

1

1 1. . 10-3

 logKeq = 2.38 

 Keq = antilog (2.38) 

 Keq = 239.88

71.

 ΔHC (CH4) = − 890 kJ mol−1 

 ΔHC (C2H4) = −1423 kJ mol−1

x 
  (3.67 − x)

 CH4 + 2O2 → CO2 + 2H2O

  x    x  

 C2H4+3O2→ 2CO2 + 2H2O

 (3.67−x)   2 (3.67 − x) 

 = 
x + 2 (3.67−x) = 6.11 

 x + 7.34 − 2x = 6.11 

 7.34 − x = 6.11 

 x = 1.23 

 

Δ =
Δ

×
⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

+
Δ

× −
⎡

⎣
⎢
⎢

⎤

⎦
⎥

H
H CH

x

H C H
x

C
C

C

( )
.

( )

( )
.

( . )

4

2 4

22 4

22 4
3 67

⎥⎥

Δ =
−

×
⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

+ − × −
⎡

⎣

−

H
kJ mol

C

890
22 4

1 23

1423
22 4

3 67 1 23

1

.
.

.
( . . )⎢⎢

⎢

⎤

⎦
⎥
⎥

 ΔHC = [−48.87 kJ mol−1] 

  + [−155kJ mol−1] 

 ΔHC =  −203.87 kJ mol−1
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Absolute zero
Absorption spectra
Adiabatic process
Alkali metals
Alkaline earth metals
Allotropes
Amphoteric
amu
Anion
Anode ray
Anomalous
Aqueous solution
Armor plates
Artificial silk
Baking soda
Boundary
Bunsen flame
Catalyst
Cathode ray
Cation
Caustic soda
Combustion
Compression
Concept
Covalent radius
Critical constants
Decomposition
Diagonal relation
Diffusion
Dipole moment
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Direct proportion
Discharge tube
Disproportionation
Dual behavior
Efficiency
Electron affinity
Electronegativity
Electrostatic attraction
Emission spectra
Empirical formula
Equivalent mass
Excited state
Expansion
Fertilizers
Formation
Gaseous state
Ground state
Hard water
Hardness
Heat capacity
Heavy water
Heterogeneous mixture
Homogeneous mixture
Hydrogen bonding
Ideal gases
Inter molecular
Inner transition metals
Insoluble
Internal energy
Ion exchange 
Ionic radius 
Ionisation energy
Irreversible
Isobaric process 
Isochoric process
Isoelectronic species 
IUPAC
Lather 
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Lattice energy 
Laundering
Lime stone 3
Linear
Lone pair 
Matter 
Milk of lime 2
Milk of magnesia 2
Naphthalene balls
Negligible 
Neutralisation 
nm 
Non-spontaneous process 
Octahedron 
Octaves 
Octet rule 
Operator 
Oxidation 
Oxidation number 
Path function 
Periodic table
Photoelectric effect 
Plaster of Paris 
pm 
Polarisation 
Polarisibility 
Polyatomic molecule 
Precipitate 
Quantity 
Quick lime 
Radioactive elements 
Reagent 
Redox 
Reduction 
Relative atomic mass 
Reversible process 
Saturated solution 
Scattering 
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Shielding effect 

SI unit 

Slaked lime - Ca(OH)2

Soluble 

Sparingly soluble 

Spin 

Spontaneous process 

State function 

Sublimation 

Surroundings 

Synthesis 

Tetrahedron 

Thermal equilibrium

Trans uranium elements 

Transition metals 

Triads 

Uncertainty 

Unified mass 

Universe

Unsaturated compound

Valence electrons

Valency

Vapour pressure

Vapourisation

Viscosity

Wave function
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