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                                                  CHAPTER-09

                                                   HYDROGEN

                                                              LECTURE-1

Isotopes:
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Out of all these isotopes, tritium is radioactive.
Preparation:
· Laboratory method of preparation:
a) Zn(s) + 2H+(aq) → Zn2+ (aq) + H2(g)
b) Zn + 2NaOH → Na2ZnO2 + H2
· Commercial method of preparation:
a) Electrolysis of acidified water using Pt electrode
[image: image5.png]Electroly=is
2H,0() —— 2H,(g) + 0,(g)
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b) Electrolysis of warm aq. Ba(OH)2 between Ni electrodes
c) Electrolysis of brine solution
d) Reaction of steam on hydrocarbon at high temp in the presence of catalyst
e.g.,  [image: image7.png]1eroR
CH, (g) + H; 0(g) —— CO(g) + 3H,(g)




e) CH4(g)+H2O(g) → CO(g)+3H2(g)
· Water gas: CO+H2
It is also called synthesis gas of syngas as it is used as the synthesis of methanol & à no. of hydrocarbons.
· Coal gasification:The process of production of syngas from coal  is called Coal gasification.
· Water gas shift reaction:  The production of H2 can be increased by reacting CO of syngas mixtures with steam in the presence of catalyst iron chromate.
[image: image8.png]E73K
CO(g) + H,0(g) ——— €0, (g) + H,
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This is called water gas shift reaction.
Properties:

· Physical:  H2 is a colourless, odourless, tasteless combustible gas.
· Chemical:H2 is relatively inert at room temperature due to the high H-H bond enthalpy.
· Reaction with halogen: [image: image10.png]H,(g) +X,(g) —» 2HX(g)




Reaction with F2 occurs in dark while with I2 a catalyst is required.
· Reaction with dioxygen: [image: image12.png](Catalystlor)a

2H,(g) + 0,(g)

2H,0




· Reaction with dinitrogen(Haber’s Synthesis of NH3):[image: image14.png]B3R
N,(g) + 3H,— 2NHy(g)
L o0amm




· Reaction with metal:[image: image16.png]H,(g) + 2M(g) — 2MH(s)



 ,where M is an alkali metal
· Reaction with metal ions: (less active than iron)
[image: image17.png]H,(g) + Pd**(aq) — Pd(s) + 2H™ (aq)




· Reaction with organic compounds:
a) Hydrogenation of Vegetable oils using Ni as catalyst gives edible fats (margarine & Vanaspati ghee)
b) Hydroformylation of olefins
[image: image18.png]H, + CO + RCH = CH, — RCH,CH,CHO




LECTURE-2

Classification of Hydrides:
1. Ionic or saline or salt like hydrides
2. Covalent or molecular hydrides
3. Metallic or non-stoichiometric hydrides
Ionic hydrides:
 Ex: Hydrides of s-block elements LiH, BeH2, MgH2, NaH etc. These are crystalline non-volatile & non-conducting in solid state.
· The thermal stability of hydrides decreases as the size of cation increases.
Order of Stability of alkali metal hydrides: LiH>NaH>KH>RbH>CsH
Order of Stability of alkaline earth metal hydrides: CaH2>SrH2>BaH2
Order of Stability of group15 element hydrides : NH3>PH3>AsH3>SbH3>BiH3
Covalent or molecular hydrides:
Ex: Hydrides of P-block elements like CH4, NH3, H2O, HF etc. These are volatile compounds.
· Classification
1. Electron-deficient Hydrides
2. Electron precise Hydrides
3. Electron-rich Hydrides.
· Electron-deficient Hydrides:Ex: Lewis acids (Hydrides of group 13 .e.g.,  B2H6.
· Electron precise Hydrides:Ex:Hydrides of group 14. e.g., CH4
· Electron-rich Hydrides: Ex:Hydrides of group 15,16 & 17. e.g., NH3, H2O, HF etc
Metallic or Non-Stoichiometric or Interstitial hydrides  :    Hydrides of d & f-block elements 
e.g., LaH2.87 ,NiH0.6-0.7, PdH0.6-0.8 etc. In these hydrides, hydrogen occupies interstices in the metal
lattices producing distortion without any change in this type. Consequently, these were called as interstitial hydrides.
 Q. Can phosphorus with outer electronic configuration 3S23P3 form PH 5?
Ans: Although Phosphorus exhibits +3 and +5 oxidation states, the paired orbital of 3s is to be unpaired and the electron is to be shifted to 3d orbital. The energy is required for this purpose. Also ΔHH-H is very high. The net energy required is not compensated by formation of five P-H bonds. Hence, formation of  PH5 not possible. 

Water

Structure of ice:-
· The crystalline form of water is ice. At atmospheric pressure, ice crystallises in the hexagonal form, but at very low temperature, it condenses to cubic form.

· Ice has a highly ordered 3-D hydrogen bonded structure. X-ray diffraction studies reveal that each oxygen atom is surrounded tetrahedrally by four other oxygen atoms.

· H-bonding gives ice an open structure with wide holes. These holes can hold some other molecules of appropriate size interstitially.

· Density of ice is less than that of water. Therefore, an ice cube floats on water. In winter season, ice formed on the surface of a lake provides thermal insulation which ensures the survival of the aquatic life.

Chemical properties of water:
· Amphoteric nature:- H2O acts as an acid with NH3& a base with H2S.


H2O(l) + NH3(aq) [image: image19.png]


 OH-(aq) + NH4+(aq)

H2O(l) + H2S[image: image20.png]


 H3O+(aq) + HS-(aq)


Auto protolysis (self ionisation) of water:-


H2O(l) + H2O(l) [image: image21.png]


H3O+(aq) +  OH-(aq)

acid-1    base-2             acid-2         base-1


(acid)     (base)      (conjugate acid)   (conjugate base)

· Redox reactions involving water:-

2H2O(l) + 2Na(s) 
[image: image22.wmf]®

2NaOH(aq)+ H2(g) (Source of H2)


During photosynthesis, water is oxidised to O2

6CO2(g)+ 12H2O(l) 
[image: image23.wmf]®

C6H12O6(aq)+ 6H2O(l) + 6O2(g)


2F2(g) + 2H2O(l) 
[image: image24.wmf]®

4H+(aq) + 4F-(aq) + O2(g)
· Hydrolysis Reaction – Due to high dielectric constant of water, it has a very strong hydrating tendency.

              SiCl4(l)+ 2H2O(l)
[image: image25.wmf]®

 SiO2(s) + 4HCl(aq)

             N3-(s)+ 3H2O(l)
[image: image26.wmf]®

 NH3(g) + 3OH-(aq)

· Hydrates formation – From aqueous solutions many salts can be crystallised as hydrated salts.

(i) Co-ordinated water e.g. [Cr (H2O)6]3+ 3Cl-
(ii) Interstitial water e.g. BaCl2. 2H2O

(iii) Hydrogen bonded water e.g., [Cu (H2O)4]2+ SO42-.H2O in CuSO4 .5H2O

LECTURE-3

 (Hard & Soft water)

Hard water – Presence of Ca & Mg salts in the form of 
[image: image27.wmf]-
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, Cl- & SO42-  in water makes water hard.It does not form lather with soap.

Soft water – Water free from soluble salts of Ca & Mg is called soft water. It forms lather with soap.

Hardness – It is  the property of water which restricts the formation of lather with soap.

It is of 2 types:  (i) Temporary hardness   (ii) Permanent hardness

· Hard water forms scum / ppt with soap 
e.g., 2C17 H35 COO Na (aq) + M2+(aq)
[image: image28.wmf]®

(C17 H35 COO)2 M
[image: image29.wmf]¯

+ 2Na+(aq) ,where M is Ca/Mg.

Disadvantages of hard water:-

1) Not suitable for laundry.

2) Harmful for boilers as hard water forms scale which reduces the efficiency of boiler.

Temporary hardness :- It is due to the presence of bicarbonates of Ca & Mg . It can be removed by boiling as follows:

Ca(HCO3)2
[image: image30.wmf]D
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 CaCO3
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 H2O+CO2
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Mg (HCO3)2 
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 Mg (OH)2
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+ 2CO2
[image: image35.wmf]­


Clark’s method:- (By adding lime to hard water)

Ca(HCO3)2 + Ca(OH)2
[image: image36.wmf]®

 2CaCO3
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 + 2H2O

Mg (HCO3)2+2Ca(OH)2
[image: image38.wmf]®

 2CaCO3
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+ Mg(OH)2
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 + 2H2O

Permanent hardness:- It is due to the presence of chlorides & sulphates of Ca & Mg. It can’t be removed by boiling. However, some industrial methods are employed for its removal.

(a) Treatment with washing soda (Sodium carbonate)

MCl2 + Na2 CO3
[image: image41.wmf]®

 MCO3
[image: image42.wmf]¯

 + 2NaCl

MSO4 + Na2CO3
[image: image43.wmf]®

MCO3
[image: image44.wmf]¯

+ Na2SO4 (M=Mg/Ca)

(b) Calgon’s method :- (By adding calgon i.e., Na6P6O18 Sodium hexa meta phosphate)

Na6P6O18
[image: image45.wmf]®

 2Na++ Na4 P6 O182-
M2+ + Na4 P6 O182-
[image: image46.wmf]®

 [Na2 MP6O18]2- + 2Na+
(c) Ion-Exchange method:- (Zeolite/Permutit process)

(By adding hydrated sodium aluminium silicate) (NaAISiO4)

2Na Z(s) + M2+(aq) 
[image: image47.wmf]®

 MZ2(s) + 2Na+(aq)     (M=Ca, Mg) 
Zeolite

Zeolite can be regenerated by treating with an aq. solution of NaCl as follows:

(MZ2(s) + 2NaCl(aq) 
[image: image48.wmf]®

 2NaZ(s) + MCl2(aq)

(d) Synthetic resins method:- The resin exchanges Na+ ions with Ca2+& Mg2+ ions present in hard water to make the water soft

2RNa(s) + M2+(aq) 
[image: image49.wmf]®

R2M(s)+ 2Na+(aq)                 [R= Resin anion]
LECTURE-4

 (H2O2)
Preparation:
1) Acidifying barium peroxide:-

BaO2 .8H2O(s) + H2SO4(aq) 
[image: image50.wmf]®

BaSO4(s) + H2O2(aq) + 8H2O(l)

2) Hydrolysis of peroxodisulphate:-

2HSO-4(aq)  
[image: image51.wmf]Electrolysis
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 HO3 SOOSO3 H(aq)





[image: image52.wmf]Hydrolysis

¯




2HSO4-(aq) + 2H+(aq) + H2O2(aq)

3) Industry method by auto oxidation of 2-alkyl anthraquinol.

2-ethyl anthraquinol 
[image: image53.wmf]2
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H2O2 (1%)  + Oxidised Product

The concentration of H2O2 can be raised to(85% by careful distillation under low pressure.
Properties:-
· Physical :- It is a colourless liquid miscible with water.

A 30% solution of H2O2 is marketed as ‘100 volume’  hydrogen peroxide. It means that 1ml of 30% H2O2 solution gives 100ml of O2 at STP. Commercially marketed sample is 10V, which means that the sample contains 3% H2O2.
Problem : Calculate the strength of 10 volume solution of H2O2.

Solution:- 10 volume solution of H2O2 means that 1L of this H2O2 solution will give 10L of O2 at STP.

2H2O2(l) 
[image: image54.wmf]®

O2(g) + H2O(l)

2 x 34g             22.7L at STP

On the basis of the above equation, 22.7L of O2 is produced from 68g H2O2 at STP.


[image: image55.wmf]\

 10L of O2 at STP is produced from 
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 Strength of H2O2 in 10 volume H2O2 solution = 30g/L = 3% H2O2 solution.
Structure of H2O2:- It has a non-planar structure.
                                   In gas phase, dihedral angle is 111.50 .
                                   In solid phase, at 110K, dihedral angle is 90.20 .
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· Chemical:-  H2O2 acts both as oxidising & reducing agent.

· Oxidising action in acidic medium:

a) 2Fe2+(aq) + 2H+(aq) + H2O2 (aq) 
[image: image59.wmf]®

2Fe3+(aq) + 2H2O(l)
b) PbS(s) + 4H2O2(aq) 
[image: image60.wmf]®

 PbSO4(s) + 4H2O(l)
· Reducing action in acidic medium:-

[image: image61.png]2MnO; + 6H™ + 5302 — 2Mn®" + 8H,0 + 50,




[image: image62.png]HOCI + H,0, - H;0" + CI” + 0,




· Oxiding action in basic medium:
2Fe2+ + H2O2
[image: image63.wmf]®

2Fe3+ + 2OH-
Mn2+ + H2O2
[image: image64.wmf]®

Mn4+ + 2OH-
· Reducing action in basic medium-

I2 + H2O2 + 2OH-
[image: image65.wmf]®

2I- + 2H2O + O2
2MnO4- + 3H2O2
[image: image66.wmf]®

 2MnO2 + 3O2 + 2H2O + 20H-
· Storage :- H2O2 decomposes slowly on exposure to  light 
· 2 H2O2(l)
[image: image67.wmf]®

2H2O(l) + O2(g)
It is stored in wax-lined glass or plastic vessels in dark. It is kept away from dust because dust can induce explosive decomposition of the compound.

· Uses:- 

1) As hair bleach & disinfectant

2) It is sold in the market as perhydrol

3) As a bleaching agent in textiles, paper pulp, leather, oils, fats etc.

4) In  pollution control treatment of domestic and industrial effluents.

Heavy water [image: image69.png](D,0)




· Preparation: It is obtained by the electrolysis of ordinary water containing a little alkali till a very small volume is left behind.

· Properties:

·  Physical :- It is a colourless liquid which possesses no odour & no taste. It is hygroscopic & absorbs moisture from the atmosphere.
· Chemical:-  
(i) Action with active metals:Reacts with active metals like Na or Ca to liberate deuterium gas.
[image: image70.png]2Na +2D,0 — 2NaOD + D,




[image: image71.png]Ca+ 2D,0 - Ca(0OD), + D,




(ii) Action with metal oxides:
[image: image72.png]Na,0 + D,0 — 2NaOD




[image: image73.png]Ca0 + D,0 — Ca(0D),




(iii) Action with acid anhydride:
[image: image74.png]S0; +D,0 — D,S0,




(iv) Action with metal nitrides, Carbides:
[image: image75.png]Mg;N, +6D,0 — Ca(0D), + 2ND,




[image: image76.png]CaC, +2D,0 — Ca(0D), + C,D,




· Uses:- 

1. It is used as a neutron moderator in nuclear reactors.
2. It is used for the production of deuterium & its compounds.
3. It is used as a tracer compound for the study of the mechanism of chemical reactions.
· Hydrogen as a fuel:- 

Hydrogen is a non-polluting fuel. On combustion, it produces water & no other gas. It produces more energy per gram on combustion.
· Disadvantages:- 
1. It is difficult to store and transport.
2. It is relatively costlier.

· Hydrogen economy:- It is known that the natural reserves of the world for energy such as coal & oil are finite. The continuous use of reserves may exhaust them in few decades. Hydrogen economy may give an alternative source of energy. Here, energy is transported & stored in the form of liquid hydrogen. The advantage of hydrogen economy is that energy is transmitted in the form of dihydrogen & not as electric power. Many conventional internal combustion petrol engines have been modified to run on hydrogen.
            In India, a pilot project using dihydrogen as fuel was launched in 2005 about 5% dihydrogen has been mixed with CNG for use in four wheeler vehicles. Hydrogen is also used in fuel cells for the generation of electric power.  
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