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Q1. a)  What is electroless-plating process? Explain the process of electroless plating of copper on 
PCB with relevant reaction. 
 

Deposition of metal or alloy over a conducting or non-conducting substrate surface by chemical 

reduction of the metal ions by use of reducing reagent and without the use of electrical energy is called 

electroless-plating.   

Metal ions  +  Reducing agent   
surface active llycatalytica  Metal atom  +  Oxidised product 

Constituents Amount Purpose 

CuSO4  

H-CHO   

Rochelle salt  

NaOH  

EDTA  

pH 

Temperature 

12 g/L 

8 g/L 

14 g/L 

15 g/L 

20 g/L 

11.0 

25oC 

Provides metal ions 

Reducing reagent 

Complexing agent 

Provides alkaline medium 

Exaltant & complexing agent 

 

Reactions: 

Oxidation of reducing reagent :       2HCHO + 4OH¯    2HCOO¯ + 2H2O + H2 + 2e– 

Reduction of metal ion over object surface :   Cu2+ + 2e–     Cu 



Overall reaction                              : Cu2+ + 2HCHO + 4OH¯   Cu + 2HCOO¯ + 2H2O + H2↑  

     

 

 

 
   b) Explain Zone refining method for the purification of solar silicon rods.  

Zone refining:    Silicon of 99.9999 % of purity can be obtained by zone refining.  It is based on the 
principle that impurities are more soluble in molten material than in the solid material.  A vertical zone 
refiner is used in the purification of silicon.  A rod of silicon to be purified is clamped and is heated by a 
RF coil to the melting point of silicon.  The heater is moved very slowly from top to bottom.  This is said 
to be one zone pass.  Impurities move with the molten part of the material as the RF coil moves down.  
Pure silicon solidifies at the upper portion.  The process is repeated number of times to get ultrapure 
silicon.  When the process is complete, the bottom portion where the impurities are concentrated is 
removed. 



 
    

  Q2. a) Explain Fischer-Tropsch process for preparation of synthetic petrol with the help of a neat 
diagram. 



b) Describe the construction and working of Photo voltaic cell with a neat sketch.  

  
Construction: 
    Si is used as starting material. Si is cut into the form of disc and then disc is converted to wafer. 
    Boron is used for p-doping and P is used for n-doping of the wafer. 
    Anti reflecting coating of TiO2 / Ag-nitride is applied in the form of thin film 

    Metallic grid is screen printed by Al paste on the front side of the wafer. 
    Ag paste is used to prepare metallic layer. 

 

Working : 
      Photovoltaic cell is made of a semiconductor diode (p-n junction). 
 The diode has two electrical contacts: on one of its sides, a metallic grid is used and on the other side, 

a layer of noble metal (such as, silver-Ag) is used.  Ag is nobler than the Si-semiconductor.  
 The metal grid permits the light to fall on the diode between the grid lines. 
 When electromagnetic radiation (example: sunlight) having energy sufficient to overcome the barrier 

potential falls normal to the surface of the p-n junction, electron - hole pairs are created.  
 The electrons move towards the n-region (as it is positively charged) and holes move towards  

p-region (as it is negatively charged).  
 The electrons are driven into the external circuit and an appliance can be run or the energy can stored 

in a battery.  The stored energy could later be used for various applications such as lighting purposes, 
telecommunication, etc. 

 



Q3. a) On burning of 0.85 gm of a solid fuel in a bomb calorimeter, the temperature of 2.1 Kg water 
is raised from 24 oC to 27.6 oC. The water equivalent of calorimeter & latent heat of  steam are 1100 
gm and 2454 KJ/Kg respectively. Specific heat of water is 4.187 KJ/Kg. If the fuel contains 2% 
hydrogen, calculate its gross and net calorific values? 
Given,  
 m= 0.85 gm = 0.85 X 10-3 Kg , W1 =  2.1 Kg , W2 = 1100g = 1.1 kg , T2 = (24+273)= 297 K ,  T1 = 
(27.6+273)= 300.6 K , s = 4.187 kJ/Kg 
 

 
           = (2.1 + 1.1) (300.6 – 297) x 4.187 / 0.85 X 10-3  

           =  56746.16Kj/kg 

 

 
          = 56746.16– 0.09 x 2 x 2454 = 56304.4kj/kg 

 

  

b) Give synthesis reactions and applications of following polymers: 

i) PMMA  

 

 
ii) Polyurethane  

  



Applications: 
(i)They are used as coatings, films foams adhesives and elastomers etc. 
(ii)They are resistant to water, they are used in light weight water repellent garments like swim suites. 
            

 

 

Q4. a) Describe the method of production of solar grade silicon by Union Carbide method.  

        

 

 



 
 
 

 b) Explain the following factors affecting rate of electroplating: 
(i) temperature 
Good deposits are obtained at slightly higher temperatures.  Higher temperature increases the solubility of 

metal-salt, its dissociation, mobility of ions and lowers the viscosity of plating solution.  This in turn, 

improves the conductivity of plating bath and relatively higher current densities can be opted and deposit 

coat is rapidly established.  However, increased temperature may boost (i) the competing cathodic 

reaction, H2 evolution over object surface, (ii) corrosion of plating equipment and (iii) decomposition of 

additives, etc. with overall lowered performance of plating quality.  Therefore, moderate temperatures of 

the order of 35 to 60oC are preferred. 

 (ii) metal ion concentration 
In general, low metal ion concentration decreases the crystal size and results in a fine-grained adherent 

coating.  This is achieved either by common ion effect or by the formation of complex ions or 

compounds.   

For example,  

(i)  Sulphuric acid is used in electrodeposition of copper (acid bath). 

CuSO4      Cu2+ +  2
4SO    

 H2SO4   2H+  +  2
4SO  

cupric ion concentration is reduced (to about 10% of total salt concentration) due to common ion 

effect of 2
4SO  ions. 



(ii) Sodium cyanide is used in electroplating of copper (cyanide bath) 

  CuCN  +  NaCN      Na[Cu(CN)2] 

      Na[Cu(CN)2]            Na+  +  [Cu(CN)2]¯ 

                  [Cu(CN)2]¯            Cu+  +  2CN¯ 

         (acts as a reserve 

            of cuprous ions) 

             

Q5. a) Explain the free radical mechanism of addition polymerization by taking Vinyl chloride as a 
monomer. 
 

nCH2 CHCl (C6H5COO)2 (-CH2-CH2-CH2-CH2-)n 
 Ethylene                                             Polyethylene 

Generation of free radicals 

(C6H5COO)2  2C6H5COO.  CO2 + 2C6H5
. (or R.) 

Dibenzoyl peroxide 

Initiation 

CH2 CHCl +R.  R-CH2-CHCl. 

Propagation 
 CH2 CHCl +        R-CH2-CHCl.                                     R-CH2-CHCl-CH2-CHCl. 

   
Or in general, 

 CH2 CHCl + R-[CH2-CHCl]x-1-CH2-CHCl.                              

 R-(CH2-CHCl)x-CH2-CHCl. 

 CH2 CHCl + R-[CH2-CHCl]y-1-CH2-CHCl.                              

 R-(CH2-CHCl)y-CH2-CHCl. 

 
Termination by coupling (by the combination of two radicals) 
 R-[CH2-CHCl]x-CH2-CHCl.  +     .CHCl-CH2-(CH2-CHCl)y-R        coupling                               

                                                                                    R-(CH2-CHCl)x-CH2-CHCl-CH2-CHCl-(CH2-CHCl)y-R 

                                                                             Dead polymer 
Termination by disproportionation 
R-[CH2-CHCl]x-CH2-CHCl.    +     .CHCl-CH2-(CH2-CHCl)y-R        coupling                              

                                                                                     R-(CH2-CHCl)x-CH2-CH2Cl + R-(CH2-CHCl)y- CH      CHCl 
 
 
 



 b) Explain the process of electroplating of Cr. Indicate the reason for coating anode with PbO2. 

Chromium is employed for either decorative purposes (as a thinner coat) or engineering purposes (as a 

thicker hard coat).  Mentioned below are coating specifications. 

 

Bath composition  

Temperature  

Current density  

Current efficiency  

Anode material  

Cathode material  

Reaction at anode  

Reaction at cathode 

CrO3 (chromic acid) :  H2SO4
  = 100: 1 ratio 

45 – 60 oC 

100 – 200 mA/cm2 

17 – 21 % 

Insoluble lead- Pb-Sb alloy or Pb-Sn alloy (with lead oxide coating) 

Surface cleaned object metal 

H2O   ½ O2 ↑ + 2H+  + 2e– 

Cr3+ + 3e–   Cr 

 

CrO3 + H2O  H2CrO4  2H+ + CrO4
2– 

2H2CrO4   H2Cr2O7 + H2O  2H+ + Cr2O7
2– + H2O 

Cr2O7
2- + 14H+ + 6e–  

 )(SO ion sulfate 2
4 2Cr3+ + 7H2O 

Chromium plating is a hard, attractive coating, with low coefficient of friction exhibiting wear resistance, 

abrasion resistance and also good corrosion resistance (with an undercoat of nickel and copper)  

 There is a complex sequence of reactions which control the concentration of Cr3+ in the plating bath.  

Sulfate ion is said to catalyse the conversion of Cr6+ into Cr3+ and PbO2 catalyses the conversion of 

Cr3+ into Cr6+.   

Cr3+ + 3O2   )(PbO oxide lead 2  2CrO3
 + 6e– 

 

Q6. a) What is catalytic cracking? Describe how the fluidized bed catalytic cracking process 
enhances the calorific value of a particular petroleum fraction. 
Decomoposition of larger hydrocarbon into smaller one in presence of catalyst is known as catalytic 
cracking. 
 
Fluidised bed catalytic cracking: 
 
Process conditions: 
Feed stock: light gas oil or heavy gas oil 
Catalyst: Y-type of zeolite activated with rare earth oxide 
+ ZSM-5 type of zeolite (to increases O.N.) into a matrix of aluminium silicate 
Temperature: 500-550oC 

Pressure: slightly above ambient pressure 



 
Description: 

 Oil preheated to about 300 oC is sprayed into the reactor through riser column. 
 The reactor contains the finely powdered catalyst at 700 oC. 
 Cracking takes place in fluidized state with in contact time of 3 seconds. 
 Temperature in the reactor falls to about 530 oC. 
 Cracked hydrocarbons are removed from top, condensed and fractionated to get gasoline. Heavy 

residues are taken for second stage cracking to improve the cracking efficiency. 
 After some time due to accumulation of oil and deposition of carbon, catalyst gets inactivated. 
 Thus it is sent to oil stripper where, oil is removed using a blast of steam. 
 Then, it is sent into regeneration chamber to remove C. Carbon is burnt off in presence of hot air 

and flue gases escape from a vent. 
 Regenerated catalyst is mixed with fresh feed stock and returned to cracking chamber 
  

 

b) Define electro deposition. Write in detail the significance of Decomposition potential following 
with reference to electro deposition. 
 
The process of deposition of metal on the surface of another metal with the help of electrolysis is known 
as electro deposition.  
Decomposition potential is the experimentally determined minimum external potential that needsto be 
applied in order to have continuous decomposition of the electrolyte.For example, in the decomposition of 
water, a dilute solution of either an acid or alkali iselectrolysed using smooth platinum electrodes.  For the 
applied potential less than 1.68 V, thereis initial surge of current which will drop to zero in a while.  
When the applied potential is 1.68 V 
or more, there is continuous decomposition of water with the liberation of hydrogen at cathodeand oxygen 
at the anode.  Thus, 1.68 V is the decomposition potential of water.     
      
Decomposition potential can be determined by the measurements of current for varying potentials (or 
voltages) applied across the electrodes immersed in electrolyte under investigation.  Set-up as shown in 
the figure is used for such measurements.  . A plot of current against potential (or voltage) helps in 
knowing the decomposition potential.  For lower voltages, there is no significant rise in current till the 
reach of decomposition potential.  Beyond this potential, it starts rising abruptly.  Laws of electrolysis are 
applicable only in this region. Decomposition potential is obtained by the intersection of the two tangents 
drawn as shown in the figure.  
 



 

 
Q7. a) What is reformation? Write the reactions involved in it. 
Reformation : Reforming of petrol (or gasoline) is defined as the process of increasing the octane number 
of petrol by structural modifications or molecular rearrangements of hydrocarbons. 
 
Process conditions- 
Feed stock: Virgin gasoline 
Catalyst: Pt supported on alumina or silica base 
Temperature: 475-525�C 
Pressure: 15-50 atm. 
 

 



 
b) A polymer sample contains 100,120,300 and 400 molecules having molecular mass 1000, 2000, 
3000 and 4000 respectively.  Calculate the number average and weight average molecular masses of 
the polymer.                                                          
  
Given, n1 = 100 , n2 = 120 , n3 = 300 , n4 = 400 , M1 = 1000, M2 = 2000 , M3 = 3000, M4 = 4000 
 
Mn = n1 M1 + n2 M2 + n3 M3 + ….. + ni Mi / n1 + n2 + n3 +…+ ni 
 
= 100 x 1000 + 120 x 2000 + 300 x 3000 + 400 x 4000 / 100+ 120 + 300 + 400 
=  3086.95 
 
 
 
Mw = n1 M21 + n2 M22 + n3 M23 + ….. + ni M2i / n1 M1 + n2 M2 + n3 M3 + ….. + ni Mi 
 
= 100 x (1000)2 + 200 x (2000)2 + 300 x (3000)2  + 400 x (4000)2/ 100 x 1000 + 200 x 2000 + 300 x 3000 
+ 400 x 4000 
=  3408.45 

 


