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 1

1
H  H 1 1 99.985% 

 2

1
H D 1 2 0.015% 



 3

1
H T 1 3 10-15% 

H2, D2, T2 

 H2 D2 T2

   

(K) 13.8 18.7 20.63

(K) 20.4 23.9 25.0

(KJ mol-1) 0.117 0.197 0.250

(KJ mol-1) 0.994 1.126 1.393

(KJ mol-1) 435.9 443.4 446.9

  

H
2
SO2 

2 4 4 2.Zn dil H SO ZnSO H  

   

i)   



2 ( ) 2( ) 2( )2 2l g gH O H O 
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ii)   


1170

4 2 2
3  KCH H O CO H



iii) 


2 3 2 3

773

2 2 2 2,

K

Fe O Cr O
H CO H O CO H   



iv)  





a)  

 1025 1075

2 3 4 2
3 4 4 161   KFe H O Fe O H KJ



b)  3 4 2 2 22 4 4 6 4 4Fe O CO H Fe CO H O    



 

=>

=> 

=> (Z) = 1

=> e  11S

=>

=>

=>`’

=>

a)  

=>

=>

F  

  


,H H e Na Na e      

 


  



3 4 2 2

4 3 4  Fe O H Fe H O

2 3 26 2 3B O K B K O  
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F  

=> 

=> 

(H2, F2, Cl2, Br2)

=> 



CH4, SiH4, GeH4 <= 

CCl4, SiCl4, GeCl4 <= 

=>  

1312 KJ mol-1 



=>

=>

=>

=> 

=>(NTP) 

0.0980g 

 

   

(Pm ) = 37 = 13.8K

H= 210 Pm  = 20.4K

= 1312 KJ mol-1 = 0.0899gcm-3

=72.8 KJ mol-1 = 74.2 pm

 =435.9 KJ mol-1

  

F 



2 2 22 2H O H O 

F 







2

2 2

2

2 2

2 2

2 2

 

 
 

 

Li H LiH

Ca H CaH

Na H NaH

Ba H BaH
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=> H H2 > Cl2 > Br2 > I2

Br
2 
 

2HBr 2HF

B r 2 H2 Cl2

2HI
I
2
  

2HCl


3)   2 2H S H S 

4)   2 2 3200
3 2

Fe

atm
N H NH         

   1200

2 42
O CC H CH 

F  

=> 



=> CuO, PbO, SnO2 



 

2 2

2 2

3 4 2 24 3 4

PbO H Pb H O

CuO H Cu H O

Fe O H Fe H O

  
  
  

  

=> H2 



  ( ) ( )

2 2 2 3 3473

Ni or Pt or Pd

K
CH CH H CH CH   



( ) ( )

2 3 3473
2

Ni or Pt or Pd

K
CH CH H CH CH   


 



Ni473K 
̀  ’ 
 2 473

Ni

K
H  

 

 

=>

=> 

=> 

=>
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i)  

4000 - 4500OC 



(atomic hydrogen torch) 
1

2( ) ( )2 : 435.90
Electric

g garc
H H H KJ mol

  

ii)  









i) 4 2 2 4KMnO H H SO  

ii) 2 4 4 2[ ]Zn H SO ZnSO H  
iii) 4 2 4 2 4 4 22 3 10[ ] 2 8    KMnO H SO H K SO MnSO H O

iii)    

 

 

 

25K  

13.95K 13.8K

20.39K 20.26K

 

 

 



F   ( 2

1
H (or)D)

F  





F  


13.9K 

=> D : H = 1 : 6000 

F  => 

2 22 2 2Na D O NaOD D  



=> Ni 

2 2 22 2  Ni
D D O



____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________
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F  

=>

=>

=>

=>

=>23.50K, (18.58K) 

=>47.0 kCal / g.mole.

=> 104.5 kCal / mole

=> 23.17cc.

=>

F   

i)  





560

2 2 22 2
O CD O D O 

ii) 



2 2 2D F DF 
  

2 2 2D Cl DCl 
 

2 2 2D Br DBr  

iii)  



2 2 3
3 2D N ND           





iv)  



2

2

||

CH

CH
 2

260

Ni
O C

D  

2

2

|

CH D

CH D





 

v) 

a) 

2

3602 2
OCNa D NaD  

b) 

2 2
Ca D CaD  
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F  

=> 

=>

=>(D2O) 



=> 

 3

1
H  3

1
T 

=>

=>

=>

=>

=>

=>

i)
9 2 8 3

4 1 4 1
Be H Be H                      ii)

9 2 4 3

4 1 2 1
2Be H He H  

iii) 
11 1 12 9 3

5 5 4 1
   

o
B n B B H        iv) 

14 1 15 12 3

7 0 7 6 1
   N n N C H

=>K 

=>333CalS/mole.

=>

=>

=> 3

2
He  3 3

1 2 1  oH He e

=>

=> 

D2O)

=>

=>

=>

=>(H2O) (D2O)

 

100OC 

oC (1.42OC) 



0OC, 3.82OC,  





NaOH 

 

=>

=> 

=>NaCl 
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=>  2 22 2 2D O Na NaOD D   

2 2 22 ( )D O Ca Ca OD D   

2 2D O Zn ZnO D   

2 3 4 24 3 4D O Fe Fe O D   


  

2 2 2 Na O D O NaOD

2 2( )CaO D O Ca OD 
   

2 2 2 2 22 ( )CaC D O Ca OD C D  


3 2 2 2 36 3 ( ) 2Mg N D O Mg OD ND  


3 2 2 2 36 3 ( ) 2Ca P D O Ca OD PD  


  

2 2 22 2D O D O  

 ()    ()

   

2 N aO H D O N aO D H D O

( ) 2
 

aq
HCl D O DCl HDO

4 ( ) 2 4
4 4

aq
NH Cl D O ND Cl HDO 

 
=> 
=> 
=> 
=> H3PO2, H3PO3 


=> 


  H 2 O D 2 O

 1.00 at 277K 1.1073 at 284.6K

 0OC (or) 273K 3.82OC (or) 276.82K

 100OC (or) 373K 101.42OC (or) 374.2K

 1.00 Cal / gK 1.01 Cal / gK

 79.7 Cal / g 75.5 Cal / g

 539 Cal / g 557 Cal / g

at 20OC 10.9  12.8 

at 20OC 72.8  

  

NaCl - 359 g 305g

  

at 25OC  1.0 X 10-14 0.3 X 10-14
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a)               b) c) 

a)  



i) 

ii)

iii)

i)  

=>

Be Mg

2S3S



O

O

600  C

2

400  C

2

2 2

2 2

 

 

Li H LiH

H Na NaH

2 2

o150-300 C H Ca CaH

 

=> 

=> H (H-)

=> 

=> 

=> 





i) LiH > NaH > KH > RbH > CSH

ii) CaH2 > SrH2 > BH2

=>  H2O, C2H5OH, CO2, SO2, NH3 H2 

=> 

=> LiAlH4 , NaBH4.

ii)   

=> P 

=> 

=> B Ga B
2
H

6
 Ga

2
H

6
.

=> (Al H
3
)
n

=> Si, Ge, N, P, O, S, B etc.

=> N2 + 3H2   2NH3

X2 + H2   2HX 

Mg3B2 + HCl  

CaC2 + 2H2O   C2H2 + Ca(OH)2

Ca3P2 +6H2O   2PH3 + 3Ca (OH)2
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=> 



=> 



=> 

=> 

=> 



=> 

NH3 > PH3 > ASH3 > SbH3> BiH3

=> 



=> 



  NH3 H2O HF

  

=> 



B2H6 + 2NH3   2 [F3 B <– NH3]

iii)    

(Metalic (or) Interstitial Hydrides)

=> 



=> 



TiH1.73,    CeH2.7,      LaH2.8,   PdH0.60,    ZrH1.92

 

=> 

=> 



(b) (H2O)

=> 

=> 
=> Sp3 

H2O lp - lp

lp - bp H - O - H 
109O 28’ 104.5O 

=> 
=> H - 
=> 



=> (ice) 

:
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 H2O H2O 



 H2O H2O (randomly) 



 H2O



 

H2O 





 0OC 4OC 

4OC - 

 

=> 

=> 0OC 100OC 

=> 4OC 

=> 

=> 

=>  H -

=> H -  



 

 
=> pH 

=> 

=> H+ OH– 

=>
2 2 3

       H O H O H O OH

=> 25OC [H3O+] = [OH-] = 10-7 

  
=> H

2
 - 

=> 

=> 2 22   2  2   Na H O NaOH H  

2 2 2  2   ( )   Ca H O Ca OH H  

  
=> 2 2 2 22   2  4  F H O HF O

=> 2 2 2 33   3  6  F H O HF O



=> 2 2     Cl H O HCl HClO  


=>
2 2 2

2   2  4   Cl H O HCl O   

=>
2 2

O1000 C       C H O CO H

 ( 

}
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•=> 2 2 2 3CO H O H CO  

•=> 2 2 2 3SO H O H SO  

•=> 3 2 2 4SO H O H SO  

•=> 2 5 2 3 43 2P O H O H PO  

•=> 2 5 2 32N O H O HNO  

•=> 2 7 2 4Cl O H O HClO  

    

•=> 2 2 2Na O H O NaOH 

•=> 2 2( )CaO H O Ca OH 

   

•=> 2 2 2 22 ( )  CaH H O Ca OH H 

•=> 2 2 2 2 22 ( )CaC H O Ca OH C H   

•=> 3 2 2 2 36 3 ( ) 2Mg N H O Mg OH NH   

•=> 3 2 2 2 36 3 ( ) 2Ca P H O Ca OH PH   

     

•=> 3 2 3CH COONa H O CH COOH NaOH   (W.A Vs S.B)

•=> 3 4 2 3 4CH COONH H O CH COOH NH OH    (W.A. Vs W.B)

•=> 4 2 2 2 42 ( ) FeSO H O Fe OH H SO (W.B Vs S.A)

•=> 3 2 2BiCl H O BiOCl HCl  



•=> 3 2 2SbCl H O SbOCl HCl  



  

H
2
 O

2


2 2 22  2  H O H O  .

  



 

CuSO4 . 5H2O

MgSO4 . 7 H2O

FeSO4 . 7 H2O
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•=> 
•=>  Ca2+ Mg2+ 


2

17 35 17 35 22 ( ) 2
   M C H COONa C H COO M Na

  
 

M = Ca (or) Mg 



  


  


  


 


a)   
  

CO2

3 2 3 2 2( )Ca HCO CaCO CO H O  



3 2 3 2 2( )Mg HCO MgCO CO H O  


  



3 2 2 3 2
( ) ( ) 2 2Ca HCO Ca HO CaCO H O   

  

3 2 2 3 3 2
( ) ( ) 2M HCO Ca HO MgCO CaCO H O     


b)   

   



2 2 3 3
2CaCl Na CO CaCO NaCl   

4 2 3 3 2 4
MgSO Na CO MgCO Na SO  

 R - NH2

 


2

2
2 ( ) 2 2R COO H CaCl RCOO Ca H Cl       

3 3
R NH OH Cl R NH Cl OH         

2
H OH H O  
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  (Parts per Million = PPm)

 ppm 

  ppm of CaCO3 

40PPm MgSO4 

(MgSO4 CaCO3 

1Mg SO4 = 1CaCO3

ie 120 ppm of MgSO4 = 100 ppm of CaCO3

1ppm of MgSO4 = 
100

120
 ppm of CaCO3

40 X 1ppm of MgSO4 = 
40 100

120

X
 ppm of CaCO3

= 33.33 ppm of CaCO3 

 
||| ppm of CaCl2 

(CaCl2 
1CaCl2 = 1CaCO3

111ppm of CaCl2 =  100 ppm of CaCO3

136 ppm of CaSO4 = 95 ppm of MgCl2 = 111 ppm of CaCl2 = 100 ppm of CaCO3.

c)  (H2O2)

 

 

 

 
 


2 2 2 2 22 2Na O H O H O NaOH  

2 2 2 4 2 2 2 4Na O H OSO H O Na SO  

 
OOC

2 2 2 4 4 2 2 28 8BaO H O H SO BaSO H O H O    

2 3 4 3 4 2 2 23 2 ( ) 3BaO H PO Ba PO H O  

 (Merck’s process)  
CO2 



2 2 2 3 2 2BaO CO H O BaCO H O   
   

2 4 4
2 2 2H SO H HSO  

4 2 2 82 2HSO H S O e
   

22 2 ( )H e H g
   

2 4.

2 2 8 2 2 4 2 2
2 2dil H SOH S O H O H SO H O  



 


  

 H2O2 STP 
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 H2O2 

 

 0OC -

 

 152OC,  0.89OC 

 

  







2 2 2 22 2H O H O O 


2 2 2 2 22 2H O NaOH Na O H O  


 

2 2 4 24 4PbS H O PbSO H O  
 

2 2 3 22NaNO H O NaNO H O  
 

 4

2 2

FeSOH O 
 

2 2 7 2 4 2 2 5 2 4 24 2 5K Cr O H SO H O CrO K SO H O    

 



Ag2O 

Ag2O + H2O2   2Ag + H2O + O2.

 

H2O2 + O3   H2O + 2O2 

 

MnO2 +H2SO4 +H2O2   MnSO4 + 2H2O + O2

 

PbO2 + H2O2   PbO + H2O + O2

 KMnO4-

2KMnO4 + 3H2SO4 +5H2O2   K2SO4 + 2MnSO4 + 8H2O + 5O2

  KIO4 KIO3 

KIO4 + H2O2   KIO3 + H2O + O2.

 (Bleaching Action)

  H2O2 

  H2O2   H2O + [0]

 [0] 

 

OH
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CH2 HO CH2 - OH

|| +     |  |

CH2 HO CH2 - OH

 

 

•      

[Pbs   PbSO4]

• KI I2 
• KMnO4 - 

 

  

H2O2 100g H2O2 

H2O2 H2O2 



 

  H2O2 

  H2O2   



    H2O2   H2O2 



H2O2  

 



 .O - H 0.97AO

. O - H : 1.48AO

 O - H 95 Pm : 0 - 0   147.5 Pm.

O - H145.8 Pm; 0 - 0   98.5 Pm.

H2O2  

 ̀ ’

 

 

 

 



H

 O       O

H

 97O

1.48AO

0.
97

A
O
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 H2O2
I II -  I II 

I II I I (AIPMT 2014)

 
   

 
 2 4 4 5[ ( ) ]Na Na PO  4 2 3 6[ ( ) ]Na Na PO  2 4 3 6[ ( ) ]Na Na PO  4 4 4 6[ ( ) ]Na Na PO

 
-3.8OC 3.8OC 0OC 38OC

 

   
 

 
  

 

H2SO4 HCl  NaOH(20%)

9. H2S + H2O2   S + 2H2OH2O2 

   
  

 
D2O D2O2

H2O18 4OC 

 
    


 

   

 
 H2O2 - 

   
  HCl 

Mg P Cu Hg

 

N2H2 N2H4 NH3 N3H

 
 -   -    - 

 
CuSO4 

 COCl3
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Mg  Fe + H2SO4 Cu + HCl Na +

 

   

 

    (JEE 2011)

 H2O2

Na2 CO2 + H2O2   Na2O2 + H2O + CO2

2[Fe(CN)6]3- + H2O2 + 2OH-   2 [Fe(CN)6]4- + 2H2O + O2

MnO2 + H2O2 + 2H+   Mn2+ + 2H2O + O2

Mn2+ +H2O2 + 2OH-   MnO2 + 2H2O

23. H2O2 

   MnO
2

 H2O2 

K3 [Fe(CN)6] Ag2O Cr2(SO4)3 K2Cr2O7

 H2O2 

K2MnO4 KMnO4 FeSO4 K4[Fe(CN)6]

 H2O2 

OH- HO2- O2- O2

 

 



 

D2O HTO H2O HTO H2O D2O DTO HDO

 

   

 

Br2 Cl2 F2 I2

 H2SO4 

Fe Zn Cu Al

 

Zn H2SO4 Al NaOH Na C2H5-OH 

 

Ca2+ Mg2+ Mg2+ K+ Ca2+ K+ Ba2+ Zn2+

 H2O2 

 MnO  

 Na+



OH-  Ca2+  H+   2

4
SO  

 

101. 4OC 99OC 100OC 110OC

37. 2H2O2 2H2O + O2 

 

H2O2  
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 H2O2 

H2SO4  H2SO4 H2SO4

40. HNO3 H2 

Cu Mn Fe Al

 K2Cr2O7 



 

 

 KBrO4 - Br - 

   

 H2 

Fe + H2SO4 Fe + Na +C2H5OH Cu+ HCl

 H2O2 

PbO2 Na2O2 MnO2 BaO2

 

CaSO4 CaCO3

MgSO4 MgCO3

 H2O2 

HO2
- -  HO-

 H2O2, Cr2O72- CrO5 CrO5 - 

CrO5-Cr-

    ANMS 2014)

48. 

   

 MnO2 - 

F Cl Br I (JIPMER 2000)

50. 

Na K  Na K 

Ma Ca  Na K 
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