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Engineering Chemistry Lab (CY-102)
First year of the engineering is dedicated to learning basic concepts of almost every branch of engineering. The student learns basics of mechanics, computers, electrical, electronics and civil concepts during his/her first year of study as engineers. The Engineering Chemistry Lab (CY-102) is designed to impart practical understanding of various physical concepts that will come in use during rest of their engineering years. The laboratory should help the student apply his or her knowledge of basic physical concepts learnt during his first year.

	S. No.
	Title of Experiment
	Experiment Date
	Submission Date
	Remarks
	Sign

	01.
	Determination the hardness of water by EDTA method.
	
	
	
	

	02.
	Determination of residual chlorine in water.
	
	
	
	

	03.
	Determination of dissolved oxygen in water.
	
	
	
	

	04.
	Determination of the strength of Ferrous Ammonium sulphate solution with the help of K2Cr2O7 solution by using biphenyl amine indicator.
	
	
	
	

	05.
	Determination of the strength of CuSO4 solution iodometrically by using hypo solution.
	
	
	
	

	06.
	Determination of the strength of NaOH and Na2CO3 in a given alkali mixture.
	
	
	
	

	07.
	Proximate analysis of coal.
	
	
	
	

	08.
	Determination of  the flash and fire point and cloud and pour point of lubricating oil.
	
	
	
	

	09.
	Determination of the kinematic viscosity of lubricating oil by Redwood viscometer no.1 at different temperature
	
	
	
	

	
10.
	Synthesis of Aspirin/Paracetamol
	
	
	
	


LIST OF EXPERIMENT
EXPERIMENT NO. 1

OBJECTIVE
To find out the hardness (temporary and permanent hardness) present in water sample using EDTA solution.

REQUIREMENT (APPARATUS & CHEMICALS)
Burette, pipette, titration flask, beaker, dropperetc.
Water sample, EDTA solution, EBT indicator, Buffer solution (pH 9-10) etc.
FLOW CHART



THEORY
EDTA shows a complexometric titration with the metal ions in the presence of an indicator, which results in the formation of stable, complex. The Eriochrome Black-T (EBT) shows blue colour in Free State (at pH 9-10) and with bivalent ions (Ca+2, Mg+2 ions) it shows wine red colour due to unstable complex of EBT with metal ions. 
                 Mn+         +       EBT   →   [M←EBT] complex
(M=Ca+2 or Mg+2)         (Blue)        (Wine red) unstable complex
     EDTA + Mn+        →   [M←EDTA] complex
                                         (Stable complex) colorless
   [M←EBT] + EDTA         → [M←EDTA] + EBT (free)
STRUCTURE




OBSERVATION TABLE
(a)    Titration SHW v/s EDTA
	                                   S.No.
	Volume of SHW (ml)
	Burette reading
(ml)                              
	Difference
	Concordant reading(ml)

	
	
	Initial   
	Final
	
	

	1.
	
	
	
	
	

	2.
	
	
	
	
	

	3.
	
	
	
	
	


  (b)    Titration sample water v/s EDTA
	                                   S.No.
	Volume of sample water  (ml)
	Burette reading
     (ml)                            
	Difference
	Concordant reading
(ml)

	
	
	Initial
	Final
	
	

	1.
	
	
	
	
	

	2.
	
	
	
	
	

	3.
	
	
	
	
	


 (c)    Titration boiled water v/s EDTA
	S.No.
	Volume of boiled water  (ml)
	Burette reading
(ml)                               
	Difference
	Concordant reading               (ml)

	
	
	Initial  
	Final
	
	

	1.
	
	
	
	
	

	2.
	
	
	
	
	

	3.
	
	
	
	
	



CALCULATION
(a) For Standardization of EDTA solution 

____ ml of EDTA solution = 10 ml of standard hard water =20mg of CaCO3 equivalents
           1ml EDTA solution = 10/____ mg of CaCO3 equivalents.

(b) For the determination of total hardness 

10 ml of hard water sample =____ ml of EDTA Solution
10 ml of hard water = ____ ×10/____ mg of CaCO3 equivalents.
1 ml of hard water = ___ ×10/10×____ mg of CaCO3 equivalents
1000 ml of hard water = ___ ×10/10×____×1000      mg of CaCO3 equivalents
                                    = 1000× ____/____ppm of CaCO3
Let the total hardness is ______   ppm
(c)   For the determination of permanent hardness
  10 ml of boiled hard water = _____ml of EDTA solution.
                                            = ____ ×10/____ mg of CaCO3 equivalents.
1 ml of hard water = ___ ×10/10×___ mg of CaCO3 equivalents
1000 ml of hard water =  ___ ×10/10×____×1000      mg of CaCO3 equivalents
                                    = 1000× ___/___ppm of CaCO3
Let the total hardness is ____       ppm
   (d)   For the determination of Temporary hardness
We know that temporary hardness = Total Hardness − Permanent Hardness 
                                                       =    ____    −    _____
Let it comes out to be ____    ppm
RESULT
The total hardness present in the water sample is ______ ppm. The temporary hardness is ____ ppm and permanent hardness is _____   ppm .
PRECAUTIONS
a. Glass wares used should be thoroughly washed with distilled water and dried.
b. All the solution should be freshly prepared.
c. Same quantity of EBT indicator should be used every time.
d. Add Std. EDTA Solution drop wise to observe the end point correctly.
e. pH of the solution should be maintained properly.

VIVA QUESTIONS
Q.1.   Define hardness?
  Ans.   Hardness is the characteristic property of water which prevents the lathering of the soap solution or it is the soap consuming capacity of water.

     Q.2    How many types of hardness do you know?
     Ans.   Hardness of water is of two types: 
1) Temporary or carbonate hardness
2) Permanent or non- carbonate hardness

     Q.3. What are different methods by which hardness of water can be determined?
    Ans.   Hardness of water can be determined by-
1) Soap titration (or Clark’s) method
2) Complexometric (EDTA) method
.

     Q.4 Name the most important complexing agent employed into these titrations. 
     Ans. Ethylene diamine tetra acetic acid. Its structure is 
HOOCCH2CH2COOH
	    N       CH2      CH2         N
  HOOCCH2CH2COOH

  Q.5 Which indicator is used in this titration? 
 Ans.   Eriochrome Black – T (EBT)

Q.6    Why is pH, maintained at about at 10 in EDTA titration?
  Ans.   At about pH 10, the complex is dissociated and the colour change of the indicator from red to blue is quite clear.

Q.7.    In what form of EDTA is used?
  Ans.   EDTA is not very soluble in water hence EDTA in the form of its disodium salt is 
             Normally used in all complexometric titrations.

      HOOCCH2CH2COONa
	    N       CH2 CH2 N
CH2COONa                                                  CH2COOH

Q.8 Which buffer is used in this titration?
  Ans.   NH4OH+NH4Cl buffer

  Q.9   How NH4OH+NH4Cl buffer is prepared?
  Ans.  70 gm of NH4Cl and 568 ml of ammonia solution is mixed and make up to 1 litre with 
            distilled water.

  Q.10    Why we maintain certain pH in the estimation of hardness of EDTA?
  Ans.   The metal – EDTA complex is stable in the pH range 8.5 to 10. At this pH indicator     functions well.

  Q.11. What is buffer solution?
   Ans.   Buffer is a solution used to maintain the pH range of reaction.























EXPERIMENT NO. 2

OBJECTIVE
To determine the amount of residual chlorine in given water sample by Iodometry method.
REQUIREMENT (APPARATUS & CHEMICALS)
Beaker, funnel, burette, Iodometric flask, pipette, Wash bottle, measuring cylinder, KI solution, acetic acid, sodium thio sulphate solution, sample water, distilled water, Freshly prepared starch solution.
FLOW CHART

	
THEORY
When measured quantity of water sample is treated with solid potassium iodide or its standard solution then free chlorine present in water oxidizes the corresponding amount of potassium iodide to iodine. This liberated iodine is estimated by titrating with standard hypo solution, using starch as an indicator.
Following chemical reaction are involved in this titration
       CaOCl2 + CH3COOH→ (CH3COO)2Ca + Cl2
(Bleaching powder)         (Calcium acetate)(Free chlorine)
            Cl2 + 2KI → 2KCl + I2
(Free chlorine)		  (Free iodine)
         I2 + 2Na2S2O3    →      Na2S4O6 + 2NaI 
     (Sodium thio sulphate) 	(Sodium tetra thionate)

        I2 + starch → starch iodo complex (blue color) 
OBSERVATION TABLE
Titration of Hypo v/s water sample.
	S. No.
	Volume of sample water (ml.)
	Volume of hypo solution (ml)
	Difference
(ml)
	Concordant
Reading (ml)

	
	
	Initial
	Final
	
	

	1.
	
	
	
	
	

	2.
	
	
	
	
	

	3.
	
	
	
	
	



CALCULATION
By Using Normality equation: 
	                           N1V1= N2V2
                                     (Water sample)      (Hypo solution)
Here N1 = Normality of water sample =?
         V1 = Volume of water sample = 10.0 ml. 
         N2 = Normality of hyposolution = N/20
         V1 = Volume of hypo solution = x ml.

N1 = N2V2
	  V1
	N1= N/ 20* x/10	
N1 = ------- N

Strength = Normality * equivalent weight of Chlorine

	= N/20 * x/10 * 35.5 gm/lit
	= N/20 * x/10 * 35.5 * 1000 mg/lit
	= ---------   mg/lit 
RESULT
          The amount of residual chlorine in given water sample is ------ mg/L.
PRECAUTION
(1) The sample bottle should be kept stopped otherwise chlorine evolved.
(2) The solution being unstable hence should be uttered immediately after its preparation.
(3) Freshly prepared starch solution should be used.







VIVA QUESTIONS
Q.1 What is the source of free chlorine in water?
Ans The excessive addition of chlorine for sterilization of water is the free chlorine available.

Q.2   Why water is chlorinated?
Ans. To kill or make bacterial impurities inactive present in water to make it safe for human consumption.


Q.3   What is the difference between “free chlorine” and “chlorine content” of water/
Ans. Natural water may contain chloride of calcium and magnesium whereas free chlorine is chlorine due to chlorination of water.

Q.4   What is the action of hypo chloride on pathogen?
Ans. The action of hypo chloride on pathogens is as follows:
               Cl2+ H2O                  HOCl     +HCl

Bacteria +HOCl                  Bacteria are killed

Q.5 What is disinfection.
Ans Killing of various pathogenic micro-organisms like bacteria, fungi, virusetc.  is known as disinfection.





















EXPERIMENT NO. 3

OBJECTIVE
Determination of dissolved oxygen in water.
REQUIREMENT-
Beaker, funnel, burette, iodometric flask, pipette, Wash bottle, measuring cylinder, sodium thio sulphate solution, magneous sulphate solution, alkali iodoazide solution, conc. H2SO4  ,freshly prepared starch solution, sample water, distilled water,Freshly prepared starch solution.
FLOW CHART


THEORY
The principle involved oxygen in the determination of dissolved oxygen is to bring about the oxidation of KI to I2

 with the dissolved oxygen present in the water sample after adding MnSO4 ,





MNSO4 + 2KOH → MN(OH)2 + K2SO4
 KOH &KI. The basic manganese oxide formed acts as an oxygen carrier to enable the dissolved oxygen in the molecular form to take part in the reaction. The liberated I2 .is titrated 

2Mn (OH)2 + O2 → 2 MnO (OH)2 
	Brown ppt. (hydrated oxide)
MnO (OH)2 + H2SO4 → MnSO4 + 2 H2O + [O]
2KI + H2SO4 + [O] → K2SO4 + H2O + I2
         I2 + 2Na2S2O3    →      Na2S4O6 + 2NaI 
     (Sodium thiosulphate) 	(Sodium tetra thionate)
        I2 + starch → starch iodo complex (blue colour) 
OBSERVATION TABLE
	S. No.
	Volume of sample water (ml.)
	Volume of hypo solution (ml)
	Difference
(ml)
	Concordant
Reading (ml)

	
	
	Initial
	Final
	
	

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	



CALCULATION
By Using Normality equation 
	N1V1 = N2V2
      (Water sample)       (Hypo solution)
Here, N1 = Normality of water sample =?
         V1 = Volume of water sample = 50.0 ml. 
         N2= Normality of hyposolution = N/20
         V1 = Volume of hypo solution = x ml.
N1 = N2V2
	  V1
	N1= N/ 20* x/50	
N1 = ------- N
Strength = Normality * equivalent weight of Chlorine
	= N/20 * x/50 * 8 gm/lit
= ---------   gm/lit 
	= -------- ppm
RESULT
The amount of dissolved oxygen in given water sample is ------    gm/L
PRECAUTION
1. The solution being unstable hence should be ultered immediately after its preparation.
1. Freshly prepared starch solution should be used.
1. Cleaned and dried BOD bottle should be used.
1. During filling of water sample in BOD bottle there is no trapping of air bubbles.









VIVA QUESTIONS
Q.1 Name the method by which dissolved oxygen in determined.
Ans.Winkter’s method or iodo metric method.

Q.2 How is dissolved oxygen reduced from water.
Ans. The oxygen content may decrease because of the presence of organic impurities.

Q.3 What is dissolved oxygen value in drinking water.
Ans. The dissolved oxygen values in drinking water is 6 mg/L to 8mg/L at 25   C.

Q.4 Discuss the factors, which affects the solubility of oxygen in water.
Ans. The factors which affects the solubility of oxygen in water.
· Presence of organic impurities in water.
· Temperature of the environment.


Q.5 Why we are not adding starch solution in the beginning of titration.
Ans. Starch should not be added at the beginning as it forms a blue coloured precipitate    adsorption complex, from which I2 release is difficult.
q.6 Is dissolved oxygen in water necessary.
Ans. Dissolved oxygen in water is necessary for aerobic activities. In the absence of sufficient amount of dissolved oxygen in water, the anaerobic activities of the pollutants makes the water foul smelling.










EXPERIMENT NO.4

OBJECTIVE-
Determination of Strength of ferrous ammonium sulphate Solution using N- phenyl anthranilic acid as an internal indicator.
REQUIREMENT-
Burette, Pipette, Conical flask, K2Cr2O7 (N/20), Ferrous ammonium Sulphate, dil. H2SO4 ,N Phenyl anthranilic acid.
THEORY
Potassium dichromate is used as an oxidizing agent in presence of sulphuric acid and ferrous ammonium   sulphate (FAS) acts as strong reducing agent. In acidic medium, K2Cr2O7 gives three atoms of oxygen as nascent oxygen. The liberated nascent oxygen oxidizes Fe+2 ions of ferrous ammonium sulphate into Fe+3 ions of ferric sulphate. At the end point, N- Phenyl anthranilic acid turns the green colour of the reaction mixture into purple red colour.                            
            K2Cr2O7   + 4H2SO4                           K2SO4 + Cr2 (SO4)3     + 4H2O     + 3[O]
6[FeSO4. (NH4)2SO4.6H2O] + K2Cr2O7 + 7H2SO4          3Fe2 (SO4)3   + K2SO4 + Cr2 (SO4)3 + 4H2O + 6(NH4)2SO4
The change in color at the end point is due to change of benzenoid form of N-phenyl anthranilic acid into quinonoid form.
OBSERVATION TABLE
	S.No.
	Volume of FAS Solution
(ml)
	Volume of K2Cr2O7 Solution
Burette Reading
(ml)
	Concordant Reading
(ml)

	
	
	Initial
	Final
	

	1.
	
	
	
	

	2.
	
	
	
	

	3.
	
	
	
	



FLOW CHART

CALCULATION

                                N1V1 = N2V2
                              (FAS)     (K2Cr2O7)

                                 N1=N2V2/V1
                                  Strength = Normality ×Eq.Wt. of FAS
                                                   = N1×392.14
                                                  = ______ gm/lit.

RESULT
                        The Strength of FAS Solution =__________gm/lit.

PRECAUTION

1. Wash the conical flask with distilled water after every titration.
2. H2SO4 should be added in sufficient amount to prevent the formation of brown ppt.of hydrated manganese dioxide and the end point is not properly detected.
3. Due to intense colour of K2Cr2O7 solution, note the burette reading at the upper meniscus.
4. End point should be observed carefully.

VIVA QUESTIONS
Q.1 What are the indicators used in K2Cr2O7 titrations?
Ans. Two types of indicators are used in K2Cr2O7 titrations?
(a) External Indicator: Potassium Ferricyanide
(b) InternalIndicator:N Phenyl anthranilic acid
Q.2 Why is dilute sulphuric acid added while preparing standard solution of Mohr’s salt?
Ans. It is added to prevent hydrolysis of ferrous salt.
Q.3 Why dil H2SO4 and not HCl /HNO3 is used in Redox titration?
Ans. HNO3 itself is an oxidizing agent and HCl may be oxidized to chlorine by the oxidizing agent.
Q.4 Why is ferrous sulphate not used instead of ferrous ammonium sulphate?
Ans. Ferrous sulphate has a ‘tendency to be oxidized by the oxygen of air’.
Q.5 Violet color is formed at the end of titration because of the formation of which compound.
Ans. It is due to the formation of quinoid form of biphenyl Benzedrine.
Q.6 Name the commercial name of Ferrous ammonium sulphate.
Ans. Mohr’s salt
Q.7 In this titration which substance is acting as reducing agent and which as an oxidizing agent?
Ans. Ferrous ammonium sulphate –Reducing agent
          Potassium dichromate-oxidizing agent
Q.8 Which titration is this?
Ans. Redox titration.
Q.9 What is formula of FAS?
Ans. FeSO4(NH4)2.SO4.6H2O
Q.10 What is 6H2O in formula of FAS?
Ans. Water of Crystallization.
EXPERIMENT NO.5

OBJECTIVE-
Determine the strength of Copper Sulphate solution by using Iodometric Method.
REQUIREMENT-
  Burette, Pipette, Conical flask, copper sulphate (N/40), 10%KI solution, Hypo  (N/40),starch indicator.
THEORY
In Iodometry method, acid solution of some oxidizing agent is added to an excess of KI solution, and an equivalent amount of iodine is liberated.
When potassium iodide is added to copper sulphate solution, an equivalent amount of iodine is liberated and solution turns brown.
The liberated iodine is titrated with hypo solution using starch as an indicator. The iodine absorbs on starch and form blue colored iodo-starch complex.
                                  2CuSO4   +     4KI      →    2K2SO4   +   Cu2I2       +     I2 ↑
                                   I2   +   2Na2S2O3   →          Na2S4O6     + 2NaI   
                                   I2     +   Starch          →       Iodo-Starch Complex 
                                      2CuSO4 .5H2O   I2   2Na2S2O3
OBSERVATION TABLE
	S.No.
	Volume of  CuSO4 Solution
(ml)
	Volume of hypo Solution
Burette Reading
(ml)
	Concordant Reading
(ml)

	
	
	Initial
	Final
	

	1.
	
	
	
	

	2.
	
	
	
	

	3.
	
	
	
	


FLOW CHART
	
CALCULATION
                                              N1V1 = N2V2
                                         (CuSO4)= (Hypo)
                                                  N1=N2V2/V1
                                  Strength = Normality ×Eq.Wt. of CuSO4
                                                   = N1×249.69
                                                  = ______ gm/lit.

RESULT
                     The Strength of CuSO4 Solution =__________gm/lit.

PRECAUTION

(1) The Starch solution should be freshly prepared.
(2) The Starch solution should be added near at the end point.
(3) End point should be observed carefully.
VIVA QUESTIONS
Q.1 What is the difference between iodimetry and iodometry?
Ans. The volumetric analysis based upon the use of iodine as an oxidizing agent is called iodine titration .Which is of two types:
(a) Iodimetry: Iodine solution is used.
(b) Iodometry: Iodine is liberated due to chemical reaction.
Q.2 What type of titration is of CuSO4 Vs Na2S2O3 ?
Ans. Iodometry Redox titration because iodine is liberated from solution (like KI).
Q.3 Why the starch solution must be added just before the end point is reached?
Ans. It should never be added in the beginning of titration because it will give a permanent  deep blue color which does not easily disappear even after the addition of a large quantity of thiosulphate and thus we cannot identify the end point correctly.
Q.4 Why is a fresh solution of starch used?
Ans. Freshly prepared solution of starch is used because old solution of starch produce reddish violet color which slowly decolorizes by hypo solution as such sharp end point is not obtained.
Q.5 Why blue color appears on addition of starch?
Ans Due to formation of starch-Iodide Complex.
Q.6 Why white color appear at the end point of this titration?
Ans. Due to formation of white cuprous iodide (Cu2I2).
EXPERIMENT NO.6

OBJECTIVE-
Determination the Strength of Sodium carbonate and Sodium hydroxide in a given mixed alkali solution using phenolphthalein and methyl orange as an indicator.

 REQUIREMENT-
Burette, Pipette, Conical flask, mixed alkali (NaOH + Na2CO3 ) solution, 0.1 N HCl solution, Phenolphthalein, methyl orange indicator, standard NaOH or Na2CO3 solution (0.1N).

THEORY
It is a double indicator titration method. When the mixture of NaOH and Na2CO3 solution is titrated with HCl, the neutralization occurs in two stages. In first stage, NaOH is completely neutralized while Na2CO3 partially neutralized.
Phenolphthalein is used as an indicator, and at the end point pink colourdisappears. 
 The change in pH is near 8.3-10.0.
                                         NaOH    +   HCl                                NaCl      +       H2O
                                         NaHCO3    +    HCl                          H2O    +   NaCl
Let the first end point appears at X. At this stage where pink colour disappear , methyl orange  is added and the titration is continued . At the end point the yellow colour of solution turns to pink in the pH range 3.1-4.4. Let the end point appears at Y.
Na2CO3    +      HClNaCl      +       H2O
NaHCO3    +     HCl                         NaCl      +       H2O    +    CO2
                             Since              [X] = NaOH     +   1/2 Na2CO3                   ----- (1)
                                                   [Y] = NaOH     +    Na2CO3                        ----- (2)
From eq. (1) and (2) 
                                           [Y]   -   [X]   = 1/2 Na2CO3 
                  Also,                2([X] –[Y]) =   Na2CO3
                  and                  2[X] – [Y]   = NaOH  
        Eq. (4) gives the concentration of Na2CO3 and eq. (5) gives the concentration of NaOH in given alkali solution.
FLOW CHART





OBSERVATION TABLE
Titration between HCl solution and unknown mixed alkali solution.

	S.No.
	Volume of mixed alkali solution
	Burette Reading

	Total HCl Consumed

	
	
	Initial
	I end point
	II end point
	

	1.
	10 ml
	0.0
	-
	-
	-

	2.
	10 ml
	0.0
	X ml
	Y   ml
	Y   ml

	3.
	10 ml
	0.0
	-
	-
	-



CALCULATION

1. From table we can calculated volume of NaOH and Na2CO3.
                                2([Y]-[X]) = Na2CO3 = b ml
                                2[X] – [Y] =NaOH = a ml
    By putting the value of end point at X and Y we get amount of NaOH and Na2CO3

 2.            N1V1 = N2V2
                N2=N1V1/V2
                                     Where   N1Normality of HCl
                                                 V1             Volume of HCl

                                                 N2 	  Normality of NaOH 
                                           V2           Volume of NaOH = a ml
Strength of NaOH =   N2 * 40 	
                                         = _________ gm/lit.

3.                      N1V1 = N3V3
N3=N1V1/V3
                                     Where   N1Normality of HCl
                                                   V1          Volume of HCl

 N3           Normality of Na2CO3
V3Volume of Na2CO3 = b ml

Strength of Na2CO3 =   N3 x 53
                                         = _________ gm/lit.
RESULT
                             Strength of NaOH =_____ gm/lit.
Strength of Na2CO3 =______ gm/lit.

PRECAUTION
1. Shake the contents well in conical flask.              
2. Use 1 or 2 drops of indicator only.
3. Colour change should be noted properly.
4. End point should be observed carefully.
VIVA QUESTIONS
Q.1.   How alkalinity of water can be determined? 
Ans.   By using double indicator method.

 Q.2.  What are the two indicators which we are using for the determination of alkalinity?
  Ans. Two indicators are:
1) Phenolphthalein
2) Methyl orange

 Q.3.  What is the range of phenolphthalein indicator?
 Ans.   pH=8.3-10

 Q.4.  What do you mean by the symbol [P] and [M]?
 Ans.  [P]: It indicates the volume of acid used up to phenolphthalein.
          [M]: It indicates the total volume of acid consumed during titration.

 Q.5.   What is color change of phenolphthalein at end point?
 Ans.   At end point it changes from pink to colorless form.

Q.6.   What is color change of methyl orange at end point?
 Ans.  At the end point it appears as orange- red color.

 Q.7.   What are the equivalent weights of Na2CO3 and NaOH?
Ans.    53 and 40

EXPERIMENT NO.7


OBJECTIVE-
Proximate analysis of coal.

REQUIREMENT-

Electric balance, electric oven, muffle furnace, long legged tong, dessicator, silica crucible with lid, power coal sample.
THEORY

Proximate analysis is an assay rather than true analysis. It gives valuable information about the practical utility of coal. It includes the determination of moisture, volatile matter, ash, and fixed carbon.
(i) Moisture: During the burning of coal, moisture in coal, moisture in coal evaporates and takes away some of the liberated heat in the form of latent heat of evaporation. Therefore, moisture lowers the effective calorific value of coal. Hence, high percentage of moisture in coal is undesirable.
                                         % Moisture = Loss in weight/Weight of coal sample ×100
(ii) Volatile matter: The volatile matter present in coal may be combustible gases (such as H2, CH4, CO, and other hydrocarbons) and noncombustible gases (such as N2, and CO2). Presence of these gases is undesirable as they do not add to heat value, but increases the volume of furnace required.
                                          A high volatile matter containing coal burns with long flame, high smoke and has low calorific value. Hence for a better quality of coal, the volatile matter should be less.
                                                     % VM = loss in wt. due to VM/wt. of coal sample×100
(iii) Ash: It is a useless, noncombustible matter which is left behind when all combustible substance have been burnt off from coal. It usually consists of silica, alumina, iron oxide and small amount of lime, magnesia etc. Ash reduces the heating value of a coal. So, lower is the ash content, better is the quality of coal.
                                                                % ash = wt. of ash left/wt. of coal sample×100
(iv) Fixed carbon:  It represents the quality of carbon in coal that can be burnt by a primary current of air drawn through the hot bed of a fuel. Higher the percentage of fixed carbon, greater is the calorific value and better is the quality of coal.
                                                               % fixed carbon = [100 - % (moisture + V.M. + ash)

PROCEDURE
- (a) Moisture:   [(Weight silica crucible, x1 gm) +   1 gm finely powered air dried coal]=x2 gm


                                                         Heat the crucible in electric oven at 105⁰ C – 110⁰ C for 1 hour
                         Remove the crucible in electric oven at with the help of tong and put it in a dessicator for cooling and weight (x3). Loss in weight is reported as moisture on percentage basis.

                       (b) Volatile matter: 

                                                 Take moisture free coal, in a silica Crucible and cover with a lid 
                    Place the crucible in a muffle furnace at 925 ± 20 ⁰ C for exactly 7 minutes.

                      Cool inside a desiccator and weight again. Loss in weight is reported as volatile matter on percentage basis
                     (c) Ash: Heat the residual coal left in the cruciblewithout lid in the muffle furnace at 700-750⁰ C for half an
                                    Hour. 

                                Put the crucible in a desiccator for cooling and then weigh. The residue left in crucible is ash and is determined on percentage basis.
             (d)   Fixed carbon:  It is determined indirectlyby subtracting the sumtotal of moisture, ash, and volatile matter from 100.


OBSERVATION

(i) Weight of empty crucible = x1 gm
                              (ii) Weight of crucible + sample = x2 gm
                              (iii) Weight of crucible + sample after heating at 105⁰ C-110⁰ C =x3 gm
              (iv) Weight of crucible + sample after heating at 925 ± 20 ⁰ C =x4 gm

(v) Weight of crucible + sample after heating at 700-750⁰ C = x5 gm



CALCULATION
 (i) % Moisture = x2 - x3       ×100 = a
                                                              x2 - x1

	(ii) % Volatile matter + moisture =       x2 – x4      ×100 = b
                                                                                  x2 - x1

	% V.M. = (b-a)
               (iii) % Ash = x5– x1     × 100 = c
                                     x2 - x1

              (iv) % Fixed carbon =100 – (% Moisture + % V.M. + % ash)

RESULT
The given coal sample contains:
(i)     % Moisture =______
(ii) % Volatile matter =_________
(iii) % Ash =_______
(iv) % Fixed carbon= 100 – (% Moisture+% Volatile matter+% Ash)
PRECAUTION
1. The weighing should be made up to 4th decimal place.
  2. The temperature should be raised at a slow rate for determination of V.M. to avoid any mechanical loss.



VIVA QUESTIONS
Q.1 Define Chemical Fuel?
Ans.  A Combustion substance containing carbon as the main constituent ,which on proper burning liberates large amount of heat ,which can be used economically for domestic as well as industrial purposes.
Q.2 What is meant by calorific Value of a fuel?
Ans. It is the total quantity of heat liberated, when one unit of the fuel is completely in presence of sufficient quantity of air/oxygen.
Q.3 Define gross calorific value of fuel?
Ans. Gross calorific value is the total quantity of heat liberated, when one unit of the fuel has been burnt completely and the product of combustion have been cooled to room temperature.
Q.4 Define net calorific value of a fuel.
Ans Net calorific value is the net heat evolved when one unit of the fuel is burnt completely and the hot products are allowed to escape as such.
Q.5 What is the importance of determination fixed carbon in coal?
Ans. Higher % of fixed carbon, higher calorific value and better quantity of coal.






















EXPERIMENT NO.8

OBJECTIVE-
To determination of  the flash and fire point and cloud & pour point of lubricating oil.
REQUIREMENT-
Pen sky Martens apparatus, lubricating oil sample, thermometer.
THEORY
Lubricating oils are organic compounds which are volatile in nature and undergoes oxidation forming inflammable mixture with air under working temperature. To check the formation of fire and damage of the machine in operation, flash and fire points of lubricating oil are determined.
Pensky- Martens apparatus is the most commonly used apparatus for the determination of flash and fire points of oil.
Flash point: - Flash point is the lowest temperature at which the oil lubricant gives off enough vapors that ignite for a moment when a tiny flame is brought near it. A good lubricant should have flash point at least a above the temperature at which it is to be used.
Fire point: - The lowest temperature at which the vapors of the oil burn continuously for at least five seconds when a tiny flame is brought near it. In most cases, the fire points are 5 to 40°      higher than the flash point.
Pensky Martens apparatus essentially consist of: -
			1. Oil Cup 
			2. Air bath                                                                                                         
			3. Flame exposure device 
			4. Shutter control
			5.Pilot burner  
			6.Stirrer




OBSERVATION TABLE
	Temperature (°C)
	Observations

	65
	

	70
	

	72
	

	74
	

	76
	

	78
	

	80
	



DIAGRAM
	
[image: Related image]


Fig: Pensky Martens
RESULT
         The given lubricating oil has Flash point = -------°C and Fire point   =   -------°C.
PRECAUTION

(1)    The oil cup and apparatus should be cleaned and dried properly.
(2)   Stirring of oil and heating should be stopped at the time of the application of test flame.
(3)    The bulb of the thermometer should be in touch properly with the oil surface.

VIVA QUESTIONS
Q.1.   What is the difference between flash and fire point?
Ans.  (a) Flash point is the lowest temperature at which the lubricating oil gives off enough vapors that ignite for a moment when a small flame is brought near it while fire point is defined as the lowest temperature at which the vapors of the oil burn continuously for at least five seconds when a tiny flame is brought near it.
         (b) Fire points are 5 to 40˚ higher than the flash point.

Q.2.   Which instrument is used for measurement of flash and fire point?
 Ans   Pensky-Marten’s apparatus.

 Q.3.  What is the effect of pressure on flash and fire point?
Ans.   Flash and fire points are decreased on increasing vapour pressure.

 Q.4.  Why oil cup is surrounded by air bath?
 Ans.  It is for the gradual increase in temperature of oil.

 Q.5.  What should be the flash point of good lubricant?
 Ans.   It should be at least above the working temperature of machine to avoid fire hazard.

Q.6   What are the significance of flash and fire point? 
Ans.  The flash and fire points are used to indicate the fire hazards of lubricating oil and gives indication of working temperature upto which the lubricant should be used in machines.















OBJECT-
To determine cloud and pour point of a given lubricating oil.
REQUIREMENT-
Cloud and pour point apparatus, thermometer etc
Reagents-Given lubricating oil, freezing mixture (ice, NaCl, CaCl2etc)

THEORY
Lubricating oils derived from petroleum usually contain dissolved paraffin wax and other impurities (asphalt or resinous). These impurities tend to separate out of the oil at lower temperature. When petroleum oil is chilled under specific conditions paraffin wax or other solidifiable materials normally dissolved in oil begin to separate out from the solution in the form of minute crystals, causing the oil to become less transparent ,cloudy or hazy in appearance. If the cooling is continued further the amount of the separating material increases and a stage is reached when the oil solidifies and stop flowing.
Cloud Point: The lowest temperature at which the lubricating oil becomes cloudy or hazy in appearance.
Pour Point: The lowest temperature at which the oil just solidifies or ceases to flow on cooling at a specific rate.
Significance:
(i) Pour and cloud points indicate the suitability of lubricants in cold conditions. Pour point determines the stability of lubricating oil for machine working at subzero temperature like refrigerator plants and aircraft engine. pour point of good lubricant should be low otherwise it may cause jamming of machine.
(ii) Pour point is of importance in establishing the lowest temperature at which a diesel fuel is still sufficiently fluid to be pumped are transferred.
(iii) The cloud point helps in identifying the temperature at which separation of wax crystals occurs which may clog the filter screen in the fuel tank
Description of Apparatus: Cloud and pour point apparatus consists of the following parts:
(i) Flat Bottom Tube: It is made of glass having flat bottom with dimensions ,3 cm diameter and 12 cm height.
(ii) Air Jacket: The tube is surrounded by air jacket.
(iii) Cooling Bath: It consists of an insulated Jacket of glass or copper containing cooling mixture.
(iv) Thermometer: Two thermometers are fitted one in sample and other in cooling mixture.


[image: Image result for cloud and pour point][image: ]

Fig: cloud and pour point

PROCEDURE
1.Clean the flat-bottomed tube thoroughly and dry it.
2. Fill the oil sample into the tube to the height of 5 cm and fit the cork.
3. Insert the thermometer in the manner so that its bulb rests on the centre of the bottom of the tube.
4.Adjust the dipped bulb of thermometer in the cooling bath properly .
5. Prepare freezing mixture according to requirement as mentioned below:
	S.No.
	Freezing Mixture
	Temperature Range(0C)

	
1

	Ice+Water
	Up to100C

	
2

	Ice+NaCl
	Up to-100C

	
3

	Ice +CaCl2
	Up to-250C


	
6. Insert the tube into the jacket with suitable freezing mixture.
7. The temperature of oil falls on cooling .Take out the test tube after every 1oCfall in temperature and inspect for a moments .It may restore if the cloudiness is not formed. This step should be completed in 3 seconds.
8.Note the temperature of oil after appearance of distinct cloudiness at the bottom of the tube which is cloud point of the oil.
9. Continue the cooling process; inspect the tube for every 3oC fall in temperature of thermometer which is present in cooling jacket by withdrawing and keeping the tube at horizontal position for about five to six seconds.
10. When oil get ceased or solidified note down the temperature which is the pour point of the oil.

RESULT
1. The Cloud Point of the given sample is ______________oC.
2. The Pour Point of the given sample is ______________oC
PRECAUTION
1.According to the pour point of oil, suitable freezing mixture should be chosen.
2. The test oil should not be disturbed during the process which may delay the observation.
3.Temperature of cooling bath and jacket should be maintained in equilibrium.
4. When the wax crystals start separating from the oil, great care should be taken to see that oil and thermometer are not disturbed.
5. The observation of tube should be completed within 3 to 5 second.
VIVA QUESTIONS
Q.1 What is cloud point?
        Ans. The lowest temperature at which the lubricating oil becomes cloudy or hazy in appearance is known as cloud point.
Q.2 What is pour point?
Ans. The lowest temperature at which the oil just solidifies or ceases to flow on cooling at a specific rate is known as pour point.
Q.3 What is the importance of pour and cloud point
Ans. (i) These points indicate the suitability of lubricants in cold conditions specially for the machines which work at sub zero temperature.
         (ii) Pour point is of importance in establishing the lowest temperature at which a diesel fuel is still sufficiently fluid to be pumped ortransferred.
        (iii)The Cloud point helps in identifying the temperature at which separation of wax crystals occurs which may clog the filter screens in the fuel tank.
Q.4   How can you lower the pour poiny of lubricating oil?
Ans. (i) Add suitable pour point depressant.
(ii) Dewax the lubricating oil.
         (iii)Lower the viscosity of lubricating oil.
Q.5 How pour point depressant lower the pour point?
 Ans. These agents get adsorbed on the surface of wax crystaks which changes the crystals structure   and the size of wax crystals decreases.This in turn increases the rate of oil flow at the low temperature and thus pour point gets lowered.
Q.6 What will be the effect of presence of impurities on pour point?
Ans. Pour point will be increased due to the presence of impurities.
















EXPERIMENT NO.9

OBJECTIVE-
To determine the viscosity of a given sample of lubricating oil using Redwood Viscometer no. 1.
REQUIREMENT-
Redwood viscometer no. 1, stop watch. Lubricating oil, thermometer, distilled water.
THEORY
Viscosity is a measure of the internal resistance to motion of a lubricating film in between the moving parts. Absolute viscosity is defined as the tangential force per unit area required to maintain unit velocity gradient between two parallel planes in the fluid at a unit distance apart. The viscosity is commonly measured by the quantity of oil to flow through standard orifice in a given time under specific set of conditions. The rate of change of viscosity with temperature is known as viscosity index.
The viscosity and viscosity index of an oil is measured by using a Redwood viscometer .There are two types of Redwood viscometer.
No. 1 and No. 2. RW- 1 is commonly used for light or thin oil (Kerosene, Mustard oil) RW-2 is used for highly viscous liquid (eg. Fuel oil, mobile oil, Glycerol etc.)

	Viscometers
	Orifice diameter
	Length of jet
	Used for lubricant

	RW – 1 
	1.62 mm
	10 mm
	Light oil

	RW – 2
	3.8 mm
	50 mm
	Heavy oil


OBSERVATION TABLE
	S.No.
	Temperature °C
	Time taken to flow in sec. viscosity in RW- 1

	
1

	40
	T1

	
2

	40
	T2

	
3

	40
	T3


DIAGRAM
[image: http://2.imimg.com/data2/NQ/JU/MY-774522/redwood-viscometer-250x250.jpg]
Fig: Redwood Viscometer

RESULT
           The viscosity of given oil sample with the help of Redwood viscometer at 40°C is = T1+T2+T3.       = _______sec.
       3

PRECAUTION
1. Filter the oil through a 100 mesh wire before testing for its viscosity.
2. Receiving flask should be placed in such a way that the oil jet touches inside layer of the flask and does not cause foaming.
3. The cup & receiver should be properly washed with suitable solvent & dried before repeating the test.











VIVA QUESTIONS
Q.1.   Define viscosity?
 Ans.   Viscosity is the property of liquid by virtue of which it offers resistance to its own flow.                                                       

 Q.2.    What is viscosity index?
 Ans.    The rate of change of viscosity with temperature is measured by an arbitrary scale is 
             known as viscosity index.                       
 Q.3.   What is the significance of viscosity index?
 Ans.  On the basis of viscosity index, we can predict about the quality of lubricant as the 
           lubricants having low viscosity index are of poor quality while the lubricants having high viscosity index are of good quality.
 Q.4. What is the effect of temperature and pressure on viscosity?
 Ans.  Viscosity decreases with increase in temperature and viscosity of lubricating oil increases with increase in pressure.

 Q. 5.  Which instruments are used for measurement of viscosity?
 Ans.   1)  Redwood viscometer no. 1 (for thin oils)
 2) Redwood viscometer no. 2 (for thick oils)

























EXPERIMENT NO.10

OBJECTIVE-
Synthesis of Aspirin.
PREPARATION OF ASPIRIN

An important part of chemistry is the preparation, or synthesis, of compounds from simpler starting
materials. The compounds so prepared can be anything from industrial commodities such
as sulfuric acid to specialty chemicals and drugs. All such preparations are carried out first at a
lab scale. In this experiment, you will prepare aspirin (acetylsalicylic acid) from salicylic acid
and acetic anhydride. 
The acetic anhydride will serve as both reactant and solvent, a common technique in synthesis.
When all the salicylic acid has been converted to aspirin, water will be added. This converts
any unreacted acetic anhydride to acetic acid; the reaction is shown below. The reaction is an
example of hydrolysis, the splitting (lysis) of a substance with water.
Aspirin is not very soluble in water, so it crystallizes as the solution cools. It is then isolated by
vacuum filtration. Most of the acetic acid is removed by the filtration, but enough remains to
heavily contaminate the product. In fact, the mass of the crude (unpurified) product may exceed
the calculated theoretical yield! The crude product is purified by recrystallization in hot water.
This removes most of the remaining acetic acid, but it also hydrolyzes some of the product,
giving salicylic acid and more acetic acid. On balance, however, recrystallization improves the
purity of the product. It does cause some loss of material, so one does not obtain 100% of the
aspirin that could form from the starting materials. Therefore, one calculates both a theoretical
yield and a percent yield.
Aspirin is the most commonly used drug in the world. It treats pain (is an analgesic), swelling (is
an anti-inflammatory), and fever (is an antipyretic). Its anticoagulant activity was not noticed
until the 1940’s. The precursors to aspirin were originally found in willow (genus salix, from
which the name salicylic acid is derived), spirea (from which the name aspirin was derived), and
wintergreen. These were known to the ancients. In 200 BC, Hippocrates recommended that
his patients chew the bark and leaves for pain relief. By the mid 1800’s, the sodium salt of salicylic
acid was being prepared for medicinal use. It had a nauseating taste, and was irritating to
the stomach. A chemist in Germany developed acetylsalicylic acid to help his father, who had
rheumatism, tolerate the drug. The chemist worked for a dye-manufacturing firm, Friedrich
Bayer & Co. Aspirin was one of the first important pharmaceuticals produced by the company.
Safety and Waste Disposal:
In this experiment, you will use acetic anhydride and phosphoric acid, both of which are corrosive
and acidic. Avoid contact with them. If you get any on your skin, immediately wash thoroughly
with soap and water. Acetic anhydride has irritating vapors (the hydrolysis reaction
occurs on the mucous membranes in your nose and throat), so it will be dispensed in the fume
hood. Avoid inhaling its vapors. The aspirin is not pure enough for use as a drug. It should be
disposed of in the waste jar in the supply area. The liquid waste can be flushed down the sink
with water.
Procedure:
1. Obtain a 50 mL Erlenmeyer flask, a filter flask, a Buchner funnel, a watch glass, a thermometer,
a weigh boat, and two pieces of filter paper from the supply area. If the Erlenmeyer
flask contains water droplets, heat it on a Bunsen burner to remove the moisture.
2. Obtain the mass of the watch glass and record it on your data sheet.
3. Weigh about 2 grams of salicylic acid into the Erlenmeyer flask. Do not try to weigh out
exactly 2.000 grams of the chemical; your results will be fine with +/– 0.250 grams of
salicylic acid. Since you won’t need the mass of the flask for further work, zero the balance
with the flask in the pan. Then remove the flask from the balance and dispense the
amount of chemical you need. Do not leave the flask on the balance pan and try to get the
salicylic acid into it, you’ll make a mess.
4. Measure about 5 mL of acetic anhydride (density 1.082 g/mL) into a graduated cylinder,
then pour this into the flask with the salicylic acid. Acetic anhydride will be in the fume
hood, with a graduated cylinder to measure it in. Swirl the contents of the flask gently to
mix them. The solid may not all dissolve. Add 5 drops of 85% phosphoric acid (H3PO4).
This will also be in the hood.
5. Set up a Bunsen burner and ring stand. Use a 250 mL beaker to make a water bath.
Clamp the Erlenmeyer flask in the water bath.
6. Heat the water bath to about 75°C. Maintain this temperature for 15 minutes. Move the
burner away from the bath when the water gets too hot. A few degrees of temperature
fluctuation will not hurt the reaction, but excess heat will release acetic anhydride vapor.
7. At the end of 15 minutes, the salicylic acid should all have dissolved and been converted
to acetylsalicylic acid. Remove the burner, and cautiously add about 2 mL of distilled
water to the flask. This will decompose any remaining acetic anhydride. You may observe
some hot acetic acid vapor being formed in this step.
8. When the liquid has stopped giving off vapor, remove the flask from the water bath and
add 20 mL of distilled water. If two layers form, or the liquid is hazy, swirl the flask to
obtain a clear solution. Allow the flask to cool until you can handle it comfortably. While
the flask cools, crystals of aspirin will probably appear. Do not move the flask or handle it
excessively. The largest, purest crystals form slowly from a solution that is not being
stirred.
9. Once the flask has cooled until you can handle it, cool it further in an ice bath. Again,
avoid swirling or stirring it any more than necessary. Keep the flask in the ice bath about 5
minutes.
10. Assemble the apparatus for a suction filtration. Place the filter paper in the Buchner
funnel, wet it with distilled water, and start the aspirator. Pour the contents of the flask into
the filter. Use your spatula to get as much of the aspirin into the funnel as possible.
11. Draw air through the funnel for a few minutes to dry the crystals. Use the bottom of the
Erlenmeyer flask to compress the crystals and spread them so they cover the filter paper.
Transfer the crystals to a weigh boat.
12. Rinse the small Erlenmeyer flask well, then add 20 mL of distilled water and return the
crystals to the flask. You will have to bend the weigh boat and use your spatula to move
the crystals. Transfer as much of the solid as you can.
13. Heat the contents of the flask to boiling. The crystals should all dissolve. If they don’t, add
a few milliters of water to dissolve them. When all the crystals have dissolved, remove the
flask from heat and cool it in water bath (a 250 mL beaker with tap water is fine). Do this
recrystallization quickly to avoid hydrolysis of the aspirin.
14. When the flask and its contents are cool enough to handle, cool them further in an ice
bath. Keep the flask in ice for about 5 minutes.
15. Filter the crystals as you did in step 11. Transfer them to the watch glass.
16. Weigh the crystals on the watch glass, and calculate your percent yield.
17. Scrub the flasks and the Buchner funnel with soap and water, then rinse them well, before
you return them to the supply area. Rinse the weigh boats and discard them.















VIVA QUESTIONS (VOLUMETRIC ANALYSIS)
     Q.1.    What do you mean by volumetric analysis?
     Ans.    Volumetric analysis is of particular type of analysis in which known volume of test solution reacts with another solution of unknown concentration and then they are compared at the end of the reaction to know about the strength of test solution.

     Q.2     How many types of volumetric titrations?
     Ans.    There are five types of volumetric titrations: -
1) Neutralization titration
2) Redox titration
3) Complexometric titration
4) Precipitation titration
5) Iodine titration  

     Q.3    What is titration?
     Ans.    The process of measuring volumes of known and unknown solution at the end of reaction is termed as titration.

     Q.4    What is titrand?
     Ans.    The solution which is to be titrated or whose strength is to be determined is known as titrand.

     Q.5     What is titrant?
     Ans.    The solution which is taken in burette or the solution of known strength is known as titrant.

     Q.6     How the strength of a given solution is expressed?
     Ans.    Strength of the given solution is expressed in the following ways:
1) Normality(N): Number of gram equivalents of the solute dissolved per litre of the solution
2) Molarity (M): Number of moles of the solute dissolved per litre of the solution
3) Molality (m): Number of moles of the solute dissolved per 1000 gms of the solvent.

     Q.7    Define indicator?
     Ans   The reagent used to locate end point of the titration, by showing change in its colour, is called indicator.

  Q.8    What is meant by internal indicator, external indicator and self-indicator? Give one example of each.
     Ans.    Internal indicator: An indicator, which is added to the reaction mixture to indicate end point of titration.
                Example: Phenolphthalein
                External indicator: An indicator, which is not added to reactant mixture . But it is used externally to indicate end point of titration.
                Example: K3 [Fe (CN) 6]
Self-indicator: When one of the reactants itself acts as indicator and no external substance is 
           required to indicate the end point of titration.
                Example: KMnO4

     Q.9.    Which meniscus is read in case of colored solution taken in burette? 
     Ans.    In case of colored solution, the top of the meniscus may be read on the burette scale as the lower part is not clearly visible.

     Q.10. What is standard solution?
     Ans.   The solution of known concentration is termed as standard solution.

     Q.11. How many type of standard solution are there?
     Ans.    There are two types of standard solution –
(i) Primary standard solution
(ii)  Secondary standard solution

      Q.12. What are primary and secondary standard solutions?
      Ans.    The solution, which does not change its concentration with time, is called primary             standard solution.
                Example:  oxalic acid, K2Cr2O7, CuSO4 etc.
                When the concentration of solution is not known accurately and it change with time also due to hydrolysis, such type of solution is called secondary standard solution.
                Example:  H2SO4, HCl, Na2S2O3, EDTA etc.

      Q.13.   Why the funnel from the burette is removed before the initial reading is taken?
      Ans.    Some liquid sticking to the funnel may go inside the burette and change the reading.

      Q.14.    What do you mean by the term end point in a titration?
      Ans.    End point means completion of the reaction between the two solutions, one taken in the conical flask and the other being added drop by drop from the burette.

      Q.15    What is strength?
      Ans.    The amount of a substance (solute) in one litre of the solution is called strength.

 Q.16. Give formula of calculating strength.
      Ans.   Strength = Normality x Eq.Wt.

     Q.17.    What is “Law of chemical equivalence”?
     Ans.      N1V1=N2V2  (Normality equation) 
                  Where, N1= Normality of the titrant
                               V1= Volume of the titrant
                               N2= Normality of the titrand
                               V2= Volume of the titrand

      Q.18.   Why do burette and pipette should be rinsed with the solution for which they are to be used?
       Ans.    Otherwise they will affect the concentration of solution.
     Q.19. What is normal solution?
     Ans    A normal solution of any substance contains one gram equivalent of the substance in a Litre of a solution.

     Q.20.   What is the difference between equivalence point and end point?
     Ans.    Equivalence point shows the completion of the reaction between titrant and titrand whereas end point shows the observable physical change.
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