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Aim of the Experiment : To determine the total amount of Sodium Carbonate and Sodium Hydroxide
present in the supplied sample of Water.

Apparatus Required : Burette, Pipette, Conical Flask, Ice Bath.

Chemicals Required : Standard Acid, Methyl Orange, Phenolphthalein.

Theory : When a mixture of a base and a carbonate is titrated with a standard acid, then the neutralization
occurs in tow steps.

(i) In the first step, NaOH is completely neutralized and Na
2
CO

3
 is partially neutralized.

(ii) In the second step, neutralization of Na
2
CO

3
 is completed.

Chemical Reaction :

(i) NaOH + HCl   NaCl + H
2
O

Na
2
CO

3
 + HCl   NaCl + NaHCO

3

(ii) NaHCO
3
 + HCl   NaCI + H

2
O + CO

2

Procedure:

Pipette out 10 ml of supplied water sample into a conical flask. Add two drops of phenolphthalein indicator
and cool it in an ice bath till it gets sufficiently cooled. Then titrate against standard acid (HCI) till the pink
coloured solution turned into a colourless solution. Note the burette reading. The difference between the
final and initial burette reading gives the volume V

1
 . To this titrated solution, add 2 drops of methyl orange

indicator and continue the titration till the colour changes from yellow to red. Again note down the final
reading and the required volume of standard acid, V

2
. Repeat the above process three times to get the

concordant readings.

Experiment :1

I.B.R. Initial Burette Reading
F.B.R. Final Burette Reading

Tabulation :

Number of
Observation

Volume of
Water

Sample in
ml

Burette Reading in ml Difference in ml Remarks

I.B.R. (a) F.B.R. (1st)
(b)

F.B.R. (2nd)
(c)

(b-a) V
1

(c-a) V
2

1

2

3

4

concordant

Rough
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Calculations:

NaOH + ½ Na
2
CO

3
 = V

1
  ml of HCI Consumed (I)

NaOH + Na
2
CO

3
 = V

2
 ml of HCI Consumed (II)

Subtracting equation (I) from equation (II)

½Na
2
CO

3
 = V

2
 -V

1
 ml of HCl consumed

Na
2
CO

3
=2(V

2
-V

1
 ) ml of HCl consumed

Similarly, the volume of Acid required to neutralize whole of NaOH = V
2
-2(V

2
-V

1
 ) ml

Amount of Na
2
CO

3
 :

We know that

1000 ml of 1 N HCl = 53 gm of Na
2
CO

3

1 ml of 1N HCl = 53/1000 gm of Na
2
CO

3

1 ml of (A)N/10 HCL =   gm of Na
2
CO

3
 , where (A) N/10 is the strength of HCL given

2(V
2
-V

1
 ) ml of  “A” N/10 HCI =                                    gm of Na

2
CO

3
= X gm of Na

2
CO

3

10 ml of supplied water sample contains X gm of Na
2
CO

3

1000 ml of Supplied water sample contains 100X gm/L of Na
2
CO

3
,

Amount of NaOH
 
:

We know that

1000 ml of 1 N HCI = 40 gm of NaOH

1 ml of 1 N HCl = 40/1000 gm of NaOH

1 ml of  “A” N/10 HCL =                    gm of NaOH

{V
2
-2(V

2
-V

1
)} ml of “A” N/10 HCI =                        gm of NaOH = Y gm of NaOH

10 ml of supplied water sample contains Y gm of NaOH

1000 ml of Supplied water sample contains 100Y gm/L of NaOH.

Conclusion : The supplied water sample contains 100X gm/L of sodium carbonate and 100Y gm/L of
Sodium hydroxide.

53AX2(V
2
-V

1
)

10000

40A

10000
40AX{V

2
-2(V

2
-V

1
)}

10000
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Aim of the Experiment : To determine the hardness of water by Ethylene Diamine Tetraacetic Acid
(EDTA) method.

Apparatus Required : Burette, Pipette, Conical Flask, Measuring Flask, Wash Bottle

Chemicals Required:

(i) Standard disodium-EDTA Solution (ii) Eriocrome black-T indicator (EBT) [Sodium-1-(1-hydroxy-2
naphthyl azo)-6-nitro-2-naphthol-4-sulphonate (II)] (iii) Buffer solution (NH

4
Cl + NH

4
OH)

Theory : Hardness is the property of water, which prevents the lathering of soap. Originally, it was
defined as soap consuming capacity of the water sample. The hardness of water is generally due to the
presence of certain salts of Ca2+, Mg2+ and other heavy metal ions like Al3+, Fe3+ and Mn2+ dissolved in it.
A sample of hard water, when treated with soap (sodium or potassium salt of higher fatty acid like oleic
acid, palmitic acid or stearic acid) does not produce foam but on the other hand forms insoluble white
scum or precipitate, which do not possess any detergent action. This is due to the formation of insoluble
soaps of calcium and magnesium.

Type of Hardness:

(a) Temporary Hardness : It is caused by the presence of dissolved bicarbonates of calcium, magnesium
and other heavy metals and the carbonates of iron. Tempoarary hardness can be removed by boiling of
water as bicarbonate salts are decomposed producing insoluble carbonates or hydroxides which are
deposited as a crust at the bottom of the vessel.

(b) Permanent Hardness : It is due to the presence of dissolved chlorides and sulphates of calcium,
magnesium, iron and other heavy metals. Hence, the salts responsible for permanent harness are CaCl

2
,

MgCl
2
, CaSO

4
, MgSO

4
, FeSO

4
, Al

2
(SO

4
)

3
, etc. Hardness of water is generally expressed in terms of

equivalent amount of CaCO
3
. The reason for choosing CaCO

3
 as the standard for reporting hardness of

water is actually its molecular weight which is 100. This makes the calculation easier. Moreover, CaCO
3

is the most insoluble salt that can be precipitated in the water treatment.

Units of Hardness:

(i) Parts per million (PPM) : It is defined as the number parts by weight of calcium carbonate present
per million (106) parts by weight of water i.e. 1 PPM = 1 part of CaCO

3
 equivalent hardness in 106 parts

of water.

(ii) Milligrams per Liter (mg/L) : It is defined as the number of milligrams of calcium carbonate present
in one litre of water.

It should be remembered that 1mg / L = 1 PPM for water.

Principle : Disodium salt of EDTA (a chelating ligand) when treated with hard water reacts with it and
consumes all the hardness producing cations in alkaline medium (pH 8-10). The excess of reagent is
indicated by the reaction of the indicator Eriochrome black-T, which colours the solution from wine red to
clear blue that is the end point of this complexometric titration.

Experiment : 2
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Procedure:

(i) Determination of Total Hardness:

Pipette out 40 ml of hard water sample into a 100 ml of conical flask. Add 2 ml of buffer solution and 2-
3 drops of Ericrome black-T indicator. Then titrate the solution with M/100 EDTA solution from the
burette until colour changes from wine red to blue colour at the end point. Note the titrate value till you get
the concordant reading. Let the volume is V

2
 ml.

Tabulation: 01

Chemical Reactions :

(ii) Determination of Temporary and Permanent Hardness : Take 250 ml of hard water sample in a
large beaker and boil gently for about 1 hour (till all the bicarbonates are decomposed into insoluble
CaCO

3
 + Mg(OH)

2
). Cool, filter into a 250 ml measuring flask and make the volume up to the mark. Take

50 ml of this solution and proceed in the same way as above. The volume of EDTA used corresponds to
the permanent hardness in the water sample. Let the volume is V

3
 ml.

Temporary hardness is calculated by subtracting permanent hardness from total hardness.

No of
Observations

Amount of
supplied water
sample in ml

Initial Burette
reading in ml

Final Burette
reading in ml

Difference in ml Remarks

Concordant

Rough1

2

3

4

(ii)

Ca2+ - Ind Complex
Mg2+- Ind Complex
           Unstable

(wine red)

 
+ Na

2
H

2
+Y  

Ca - EDTA Complex
Mg+-EDTA Complex
           (Stable )

 
+H Ind2-+ H+

Ca2+ - Ind Complex
Mg2+- Ind Complex
           Unstable

(wine red)

 
+HInd2-Ca2+

Mg2+
 

 + H+(ii)

   (i) H
3
+ (Ind)           H

2
(Ind)-          HInd2-            Ind3-

   Wine red  Blue Yellow Orange
  (pH<7) (pH 7-11) (pH>11)

 -H+ -H+  -H+
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Tabulations: 02

Calculation :

Total Hardness:

1000 ml of 1 M EDTA = 100 gm of CaCO
3

1 ml of 1 M EDTA = 100 mg of CaCO
3

1 ml of  “a” M/100 EDTA = “a” mg of CaCO
3

V
2
 ml of “a” M/100 EDTA = “a” V

2
 mg of CaCO

3
 = “A” mg of CaCO

3

Now 40 ml water sample contains = “A” mg of CaCO
3

1000 ml or 1 liter of water sample contains =         x 1000 = 25A mg/L = 25A ppm total

hardness in terms of CaCO
3
 equivalent hardness.

Permanent Hardness:

1 ml of 1 “a” M/100 EDTA = “a” mg of CaCO
3

V
3
 ml of “a” M/100 EDTA = “a” V

3
 mg of CaCO

3
 = “B” mg of CaCO

3

Now 40 ml boiled water sample contains = “B” mg of CaCO
3

1000 ml or 1 Liter of boiled water sample contains =         x 1000 = = 25B mg/L = 25B ppm

permanent hardness in terms of CaCO
3
 equivalent hardness.

So temporary hardness is equal to (25A-25B) ppm in terms of CaCO
3
 equivalent hardness.

Conclusion : The supplied water sample contains 25A ppm of total hardness, 25B ppm permanent
hardness and (25A-25B) ppm of temporary hardness in terms of CaCO

3
 equivalent hardness.

No of
Observations

Amount of
supplied water
sample in ml

Initial Burette
reading in ml

Final Burette
reading in ml

Difference in ml Remarks

Concordant

Rough1

2

3

4

A
40

B
40
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Experiment : 3

Aim of the Experiment : Standardization of Potassium Permanganate (KMnO
4
) using Oxalic Acid

Apparatus Required : Burette, Pipette, Conical Flask

Chemicals Required : KMnO
4
 Solution, Oxalic Acid (N/10), Dilute H

2
SO

4

Theory : Potassium permanganate is a secondary standard solution since it contains traces of manganese
dioxide as impurity. Moreover, potassium permanganate is a strong oxidizing agent and prone to decompose
in presence of water, air and light. As a result, the strength of the potassium permanganate does not remain
fixed for a longer time or period. Therefore, the strength of the permanganate solution is determined prior
to its use. Potassium permanganate acts as a strong oxidizing agent in acidic medium and therefore it can
be titrated against a reducing agent like standard oxalic acid at 60-70 °C in presence of sulphuric acid.
Oxalic acid can be decomposed on high-temperature heating before titration. During the reaction, MnO4-

is reduced to Mn2+ and oxalate ions is oxidized to CO
2
. In this titration, potassium permanganate acts as

a self-indicator because it has the capability to change colour with change in oxidation state (Mn7+ is pink
in colour, whereas Mn2+ is colorless in water medium). During titration potassium permanganate is reduced
by oxalic acid to colouless manganous ions and when the whole reducing agent is consumed, the addition
of even one extra drop of KMnO

4
 imparts light pink colouration to the solution, which is the end point of

titration.

Chemical Reaction:

[MnO
4
-+8H+ + 5e        Mn2+ + 4 H

2
O] × 2

[C
2
O

4
2-        2CO

2
 + 2e] x 5

2 MnO
4

-+ 5 C
2
O

4
2- +16 H+          2 Mn2+ +8 H

2
O + 10 CO

2

Procedure:

Pipette out 10 ml of given N/10 oxalic acid into a 250 ml of conical flask. Add half test tubes of dilute
sulphuric acid and heat up to 50-60 °C. Then, titrate the solution against KMnO

4
 solution until to get a

permanent light pink color. Repeat the titration till concordant readings are obtained.

Tabulation

 

 

 

No of
Observations

Volume of N/10
Oxalic acid

I.B.R. (ml) F.B.R (ml) Difference in ml Remarks

1

2

3

4

Concordant

Rough
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Calculation :

We know; S
1
V

1
 =S

2
V

2

Where, S
1
 - strength of Oxalic acid (N/10)

V
1
 - Volume of Oxalic acid (10 ml)

S
2
- Strength of KMnO

4

V
2
- Volume of KMnO

4
 consumed

S
1
xV

1

  V
2

Conclusion : Strength of supplied potassium permanganate is .........................N.

S
2 
=



_âùdûMgûkû ̂ òùŸðgòKû / LABORATORY MANUAL

[  8  ]

Aim of the Experiment : Determination of Ferrous ion in Mohr’s salt [FeSO
4
(NH

4
)

2
SO

4
.6H

2
O] by

using standardized potassium permanganate.

Apparatus Required : Burette, Pipette, Conical Flask, Beaker, Measuring Cylinder, Wash Bottle, Test
Tube.

Chemicals Required : (i) Mohr’s salt solution, (ii) KMnO
4
 solution, (iii) Dilute H

2
SO

4

Theory: The amount of ferrous ion present in Mohr’s salt solution is determined by titrating against potassium
permanganate solution in acidic medium. Here, potassium permanganate acts as a self-indicator. The end
point is determined by the appearance of permanent light pink color. During the reaction Fe2+ is oxidized
to Fe3+ and MnO

4
 - is reduced to Mn2+

Chemical Reactions:

[MnO
4

- + 8H+ + 5e         Mn2+  + 4 H
2
O]

[Fe2+            Fe3+ +e] x 5

2 MnO
4
- + 5Fe3+ +8 H+          Mn2+ + 5Fe3+ + 4H

2
O

Procedure : Pipette out 10 ml of supplied Mohr’s salt solution into a 250 ml of conical flask. Add half test
tubes of dilute sulphuric acid and titrate the solution against KMnO

4
 solution until to get permanent light

pink color. Repeat the titration till concordant readings are obtained.

Experiment : 4

 

 

 

Calculation : Let the volume of KMnO
4
 solution consumed by Mohr’s salt solution is = V ml

We know 1000 ml of 1 N KMnO
4 
= 55.84 gm of Fe

1 ml of 1 N KMnO
4
 =               gm of Fe

V ml of         N KMnO
4
 =

So 10 ml of Mohr’s salt solution contains “A” gm of Fe
1000 ml of Supplied Mohr’s salt solution contains 100 A gm/L of Fe.

Conclusion : Supplied Mohr’s salt solution contains...................... gm/L of Fe.

55.85
1000

x
10

gm of Fe = ‘A’ g of Fe55.85
1000

x
10

X V X

No of
Observations

Volume of N/10
Oxalic acid

I.B.R. (ml) F.B.R (ml) Difference in ml Remarks

1

2

3

4

Concordant

Rough
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Experiment : 5

Aim of the Experiment : To determine the amount of Dissolved Oxygen present in the supplied sample
of water.

Apparatus Required : Burette, Stopper Bottle (500 ml), Measuring Cylinder (250 ml), Test Tube.

Chemicals required :

(i) Manganous sulphate solution (48%), (ii) Alkaline potassium iodide solution, (iii) Concentrated sulphuric
acid, (iv) Standard sodium thiosulphate solution, and (v) Freshly prepared starch solution.

Theory:

Dissolved oxygen is an important water quality parameter. It is the amount of oxygen required for complete
oxidation of organic matter present in water. Water usually contains about 8 ml of dissolved oxygen per
liter of water at room temperature. Determining dissolved oxygen is essential in boiler feed water because
it can causes corrosion of the boiler. Dissolved oxygen in water is determined by Winkler’s method.

Determination of dissolved oxygen in water is based on the oxidation of potassium iodide by dissolved
oxygen. The iodometric method (Winkler) is based on the fact that in alkaline medium, dissolved oxygen
oxidizes Mn+2 to Mn+4, which in acidic medium oxidizes iodide to free iodine. The amount of iodine
released is titrated against standard sodium thiosulphate solution.

Since dissolved oxygen in water is in the molecular state and is not capable of reacting with potassium
iodide solution, oxygen carrier (such as Manganous hydroxide) is used to bring about the reaction between
KI and oxygen.

2KOH + MnSO
4
        Mn(OH)

2
 + K

2
SO

4

2Mn(OH)
2
 + O

2
           2MnO(OH)

2

(Oxygen carrier)                 (Basic Manganic Oxide)

MnO(OH)
2
 + H

2
SO

4
        MnSO

4
 +2H

2
O+ [O]

                                                                  (Nascent Oxygen)

2KI + H
2
SO

4
+ [O]         K

2
SO

4
 + H

2
O +1

2

2Na
2
S

2
O

3
+1

2
         2Nal + Na

2
S

4
O

6

                               Starch+I
2
 Starch Iodide complex (Blue colour)

Procedure:

Take 250 ml of water sample in a stoppered bottle leaving behind around 10 ml of empty space at the top.
(Avoiding as far as possible to contact with air). Immediately add 5 ml of manganous sulphate solution
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followed by 5 ml of alkaline potassium iodide solution with the help of a pipette so that the solution is
delivered well below the surface of water. (The alkaline KI solution contains sodium azide, which takes
care of any oxiding agent present, that are likely to liberate iodine from KI). The bottle is shaken well for
several times to ensure proper mixing and the precipitate formed is allowed to settle down for a few
minutes. Then 3 ml of concentrated H

2
SO

4
 is added dropwise to the solution with shaking till the precipitate

is getting dissolved and giving a clear yellow color solution. Keep the solution in dark for about 5 minutes
inside the cupboard. Then, pipette out 20 ml of the solution and titrate the solution against standard sodium
thiosulphate solution from the burette. When the color of the solution is very light yellow (straw color), add
1 ml of freshly prepared starch indicator and continue the titration till the blue color just disappears.

Calculations:

1000 ml of 1NNa
2
S

2
O

3
 solution equiv 8 gm of Oxygen

1 ml of 1 NNa
2
SO

3
 solution equiv 8 mg of Oxygen

V ml of  “a” N / 10 Na
2
S

2
O

3
 solution gm of oxygen equiv  =             gm of oxygen

20 ml of water contains equiv                mg of Oxygen

1000 ml of water contains of equiv  =            X            mg/L of Oxygen

= “A” mg/L of Oxygen

= “A”  ppm of Oxygen

Conclusion:

The amount of dissolved oxygen present in the supplied sample of water is......... ppm.

8aV
10

8aV
10

8aV
10

1000
20

No of
Observations

Volume of N/10
Oxalic acid I.B.R. (ml) F.B.R (ml)

Difference in ml Remarks

1

2

3

4

Burette Reading (ml)

Concordant

Rough
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Experiment :6

Aim of the Experiment : Determination of Percentage of Available Chlorine in a supplied bleaching
powder solution.

Apparatus Required:

Burette, Pipette, Conical Flask, Watch Glass, Measuring Cylinder, Wash Bottle

Chemicals Required:

Bleaching Powder Solution, KI (10%) Solution, Dilute Acetic Acid, (N/10) Sodium thiosulphate Solution,
Starch Indicator

Theory :

Bleaching powder is a good disinfectant which has added to water for killing disease-causing bacteria.
The germicide action of bleaching powder is due to hypochlorous acid and nascent oxygen liberated. It is
powerful oxidizing agent and hygroscopic in nature.

The quality of bleaching powder is based on the quantity of available chlorine presenting in it. Percentage
of available chlorine may be defined as the amount of chlorine available for oxidation per hundred parts of
bleaching powder. So, more is percentage of available chlorine, better is the quality of the bleaching
powder. Although, bleaching powder contains about 56% of chlorine but a good quality of bleaching
powder contains only 35-38% of available chlorine. Because on standing bleaching powder undergoes
slow decomposition and gets converted into calcium chloride and calcium chlorate. Hence percentage of
available chlorine decreases on passage of time.

6 CaOCl
2
           5 CaCl

2
 + Ca(CIO

3
)

2

Principle:

The chlorine, which is liberated in water made to react with KI so that iodine is liberated. This liberated
iodine is titrated against a standard solution of sodium thiosulphate using starch as indicator.

Chemical Reactions:

CaOCl
2
 + H

2
O            Ca (OH)

2
 + Cl

2

Cl
2
 +H

2
O          HCI + HOCI

CaOCl
2
+2KI+2CH

3
COOH        CaCl

2
 +2CH

3
COOK+H

2
O+1

2

1
2
+ Na

2
S

2
O

3
        2 Nal + Na

2
S

4
O

6

1
2
+ Starch             Starch Iodide complex (Blue colour)
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Procedure:

Pipette out 10 ml of supplied bleaching powder solution into a 250 ml of conical flask. Add 15 ml of 10%
KI solution followed by 10 ml of dilute acetic acid solution. Cover the conical flask with watch glass and
set for 5 minutes in dark. After 5 minutes, titrate the liberated iodine with standard hypo-solution to get a
faint yellow colour. Add 2-3 drops of starch indicator and continue the process of titration to get a colorless
solution, which is the end point. Note the titrate value. The above process is repeated for another 3 times
to get the concordant readings.

Tabulations :

0.035aX
25

Calculations :

Concentration of Bleaching powder solution = 10gm / L

Titrate value = Xml

We know that :

1000 ml of 1 N Na
2
S

2
O

3
 = 35.5 gm of chlorine

1 ml of 1N Na
2
S

2
O

3
 = 0.035 gm of chlorine

1ml of “a” N/10 Na
2
S

2
O

3
  ≈  0.035a gm of chlorine

X ml of “a” N/10 Na
2
S

2
O

3
  ≈ 0.035aX gm of chlorine

Now 10 ml of supplied bleaching powder solution contains 0.035aX gm of chlorine

1000 ml of supplied bleaching powder solution contains                   X1000 = A gm of chlorine

% of Available Chlorine :

10 gm of CaOCl
2
, solution contains A gm of available chlorine

100 gm of CaOCl
2
 solution contains 10A gm of available chlorine

Conclusion :

Supplied bleaching powder solution contains .......... of available chlorine.

No of
Observations

Volume
Supplied

CaCOCI
2

solution of

Initial Burette
Reading in ml

Final Burette
Reading in ml

Difference (ml) Remark

1

2

3

4

Rough

Concordant
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Aim of the Experiment : Estimation of amount of calcium in lime stone.

Apparatus Required : Burette, Pipette, Conical Flask

Chemicals Required:

KMnO
4
 Solution, Standard oxalic acid (N/10), 8% Ammonium oxalate solution, NH

4
CI, Ammonia

Theory : Lime stone essentially consists of calcium carbonate but it is generally associated with small
quantities of magnesium carbonate. Dolomite is an equimolecular compound of calcium carbonate and
magnesium carbonate. These ores are generally contaminated with minor amounts of oxides of iron,
aluminium, silicon (free or combined) and organic matters. The minerals have large number of industrial
applications and the quality of the mineral as well as its suitability for a particular commercial application
depends upon the amounts of CaCO

3
, MgCO

3
 and the other constituents present. Hence, complete

analysis is often necessary.

In this method, the lime stone powder is dissolved in hydrochloric acid and the calcium present in
the solution is precipitated as calcium oxalate using oxalic acid or ammonium oxalate in presence of
ammonia. The precipitated calcium oxalate after washing is treated with dilute sulfuric acid and the oxalic
acid liberated is titrated with a standard KMnO

4
 solution. From the volume of KMnO

4
 required for the

titration, the amount of Ca in the ore can be calculated:

1 ml of 1 N KMnO
4
 = 0.020 gm of Ca

1 ml of 1 N KMnO
4
 = 0.028 gm CaO

1 ml of 1 N KMnO
4
 = 0.050 gm of CaCO

3

Chemical Reactions :

CaCO
3
+2HCI           CaCl

2
 + H

2
O + CO

2
‚

CaCl
2
  + (NH

4
)

2
C

2
O

4
        CaC

2
O

4
 +2NH

4
Cl

CaC
2
O

4
 + H

2
SO

4
        CaSO

4
 + H

2
C

2
O

2

2KMnO
4
 + 3H

2
SO

4
 = K

2
SO

4
 + 2MnSO

4
+5[O] + 3H

2
O

5H
2
C

2
O

2 
+ 5[0] = 5H

2
O + 10CO

2

Procedure :

Weight accurately 1 gm of the lime stone in to a beaker and treat it with a little dilute HCI to dissolve the
ore. Take care to see that there is no loss of the solution due to quick evolution of CO

2
  by covering the

beaker with a watch glass. After all the ore is dissolved, wash the watch glass with water in to the same
beaker. Render the solution alkaline by adding ammonia. Add 1 gm of NH

4
Cl and stir the solution to

Experiment :7
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dissolve it. Continue the stirring and add excess of 8% ammonium oxalate solution. Boil the solution and
allow the calcium oxalate precipitate to settle down. Decant the supernatant liquid through a filter paper.
Wash the precipitate several times with hot distilled water containing a little of ammonium hydroxide until
the filtrate is free from chloride and oxalate ions (by testing with AgNO

3
 for chloride and mild hot and

dilute acidified KMnO
4
 for oxalate). Preserve this filtrate for the determination of mangnesium. if necessary,

as mangnesium pyrophosphate.

Place the beaker containing the precipitate under the funnel and add 20 to 25 ml of 5N H
2
SO

4
 in to the

filter paper to dissolve the calcium oxalate present in the filter paper. The acid also dissolves the calcium
oxalate precipitate in the bearker. Wash the filter paper with distilled water and collect these washing also
in to the same beaker. Transfer the solution quantitatively in to a 250 ml measuring flask, make it up to the
mark and shake the solution thoroughly. Take 25 ml of the solution in to a conical flask, add 10 ml of dil.
H

2
SO

4
, heat the solution to about 70 0C and titrate against the standard KMnO

4
 solution (which in turn

was standardised with standard oxalic acid solution first).

Calculations :

Weight of ore taken = 1 gm

Volume of the oxalic acid solution made up = 250 ml

Volume of oxalic acid taken for each titration = 25 ml

Volume of KMnO
4
 solution rundown = x ml

Standardisation of KMnO
4
 solution :

25 ml of N/10 oxalic acid = 25 ml of N/10 KMnO
4
 solution

Normality of KMnO
4
 = N/10

Now, we know that

1 ml of 1 N KMnO
4
 = 0.02 gm of Ca

19.3 ml N/10 KMnO
4
 = 0.02x X x 1/10 gm of Ca

No of
Observations

Volume of
Oxalic Solution

I.B.R. (ml) F.B.R (ml) Difference
in ml

Remarks

1

2

3

4

Concordant

Rough
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Hence, 25 ml of the solution contains 0.02 x x gm of Ca

250 ml of the solution contains 0.02 x  x gm of Ca

Now, I gm of the ore contains 0.02 x x gm of Ca

100 gm of the ore contains 0.02 x X x100 gm

= x gm of Ca

% of Ca present in the ore = 38.6% = 96.5% CaCO
3

Conclusion:

The supplied lime stone contains x% of Ca.
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Aim of the Experiment : Determination of flash point of an oil using Pensky-Martens flash point apparatus

Apparatus Required:

Pensky-Marten’s Closed Cup Flash Point Apparatus, Thermometer, Measuring Cylinder, LV Beaker

Chemical Required:

Supplied Oil Sample

Theory:

The flash point of an oil is defined as the minimum temperature at which it gives vapours, which when
mixed with air form an inflammable mixture and gives a flash of light on the application of a pilot flame. This
gives information regarding the volatility of oil necessary to prevent fire hazards.

The fire point is the lowest temperature at which sufficient vapours are grown up by an oil, so that it burns
continuously for at least 5 seconds on being lighted by a pilot flame.

The flash point gives a rough indication of the tendency of the oil to volatilise and therefore is useful in
process control for maintaining the uniformity of the product. The fire point of an oil is about to 40° higher
than its flash point. A lubricant should have its flash point at least above the temperature at which it is to be
used. This provides protection against fire hazards during use, transport and storage of lubricants. Both
flash and fire points can be determined by using Pensky-Martens closed cup apparatus.

Procedure :

Take the supplied oil sample in the cup provided in the apparatus. Close the cup with the cover and place
the thermometer in its position. Adjust the electrical heating system so that the rise in temperature is about
1 °C in 7 minutes. Keep the pilot flame burning and continue hosting with constant stirring. Take the
reading at every 5 °C interval to obtain the approximate flash point. Allow the oil to cool with stirring by 5
°C and take the readings with every 1 °C rise in temperature till the flash point is obtained. Once the flash
occurs, allow the temperature to rise by about 5 °C more and discontinue the heating. Allow the oil to cool
with continuous stirring and take the readings with every 1 °C fall of temperature till no flash occurs. The
minimum temperature at which the flash occurs gives the flash point of the oil.

Experiment :8



_âùdûMgûkû ̂ òùŸðgòKû / LABORATORY MANUAL

[  17  ]

Tabulation: 01 (Observation for approximate flash point)

No. of
Observations

Temperature increase by
(5 0C)

Remarks

1

2

3

4

5

6

7

8

9

10
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Conclusion :

The flash point of the given oil is __________ 0C = _______0F.

The fire point of the given oil is __________ 0C = _______0F.

No. of
Observations

Temperature Increase
by (5 0C) Remarks

1

2

3

4

5

6

7

8

9

10

Tabulation: 02 (Determination of flash point)

No. of
Observations

Temperature Increase
by (5 0C) Remarks

1

2

3

4

5

6

7

8

9

10
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Aim of the Experiment : Determination of viscosity of a lubricating oil by using Redwood viscometer.

Apparatus Required :
Redwood Viscometer, Thermometer, Stopwatch

Chemical Required :
Given Lubricating Oil

Theory :

The Viscosity is the property of a fluid by virtue of which it offers resistance to its flow. It is thus a measure
of the internal resistance in the fluid and its determination is usually done in case of the lubricating oils. It is
the single most important property of any lubricating oil, since it is the main factor that determines the
operating characteristics of a lubricant.

The Absolute Viscosity of an oil at any given temperature is determined by measuring the rate of flow of
the oil through a capillary tube. The Kinematic Viscosity of lubricating oils is generally determined by
measuring the time taken for a given quantity of the oil to flow under its own weight through a capillary of
standard dimension under standard conditions. The instrument used for the measurement of viscosity of
the oil is called viscometer. Redwood Viscometer is commonly used for measurement of viscosity of
lubricating oils, in empirical unit and not in absolute unit.

Absolute and Kinematic Viscosities of a fluid can be determined by Redwood viscometer, according
to the formula

Absolute Viscosity =

Kinematic Viscosity (V)  =

Where,

V = Kinematic viscosity of the oil in centistokes.

T = Time of flow in seconds for a fixed quantity of the oil flowing through capillary

ρ  = Density of the oil

α and β are instrument constants.

The value of α and β are in given below:

Experiment : 9

 (αt -      )ρ
β

t

= αt -
β

t

 Absolute Viscosity

ρ

The values are calculated in centistokes unit.

Time of flow in seconds for 50 ml

34 - 100

Over 100

α

0.00260

0.00247

β

0.00260

0.00247
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Procedure :

Before taking the oil in the oil cup ensure that the oil cup is clean and dry and the capillary has no obstructions
for the flow of the oil. Close the capillary and fill the cup with oil sample up to the level indicator. The
heating jacket is filled with water, which can be heated to rise the temperature of the oil to different values
at which measurements are to be made. Make the first measurement when the oil is at room temperature
by allowing the oil to flow through the capillary and record the time in seconds when exactly 50 ml of the
oil is collected in the measuring Kohlrausch flask placed at the bottom. Close the capillary, refill the oil cup
by the same oil up to the levelling mark, increase the temperature of the oil by about 10-15 °C (not less
than 10 °C) by heating and record the temperature and the corresponding time in seconds. when exactly
50 ml of the oil is collected in the measuring Kohlrausch flask. Repeat the measurements at five different
temperatures. Calculate the kinematic viscosity of the oil at different temperatures and plot a graph between
temperature and kinematic viscosity of the oil. Report the mean value as Redwood viscosity in seconds.
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Tabulation :

Graph : Plot the graph Temperature versus Kinematic Viscosity

Conclusion :

The downward sloping curve obtain by plotting a graph of temperature versus kinematic viscosity proves
that the above are inversely related to each other i.e. with increase in temperature, viscosity decreases and
vice-versa and the viscosity of the supplied oil is found to be .................. Redwood seconds.

No of
Observations

Initial
temperature

(0C)

Final
temperature

(0C)

Mean
temperature

(0C)

Time
(Second)

Value
of α

Value
of β

Kinematic
Viscosity

(centistokes)
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Aim of the experiment : Preparation of Aspirin (acetyl salicylic acid)

Apparatus required : Conical flask, Beaker (100 mL), Buchner funnel

Chemicals required : Salicylic acid, Acetic anhydride, Conc. H
2
SO

4

Theory:

Salicylic acid upon acetylation yields acetyl salicylic acid or aspirin. Acetylation proceeds rapidly with
acetic anhydride in presence of a little conc. H

2
SO

4
 as catalyst.

Experiment : 10

Procedure :

Take 5 g of salicylic acid and 7 mL of acetic anhydride in a 100 mL. conical flask. To it add 2-3 drops of
conc. H

2
SO

4
; ; shake and then heat the flask on a water bath keeping temperature between 60-70 °C for

20 minutes. Cool the mixture in an ice bath with stirring; add about 20 mL of the ice cold water to
decompose the excess of acetic anhydride. Pour the contents of the conical flask into a 250 mL beaker
containing 50 g of crushed ice, stir until white solid appears. Scratch the side wall of the flask with a glass
rod or stainless steel spatula, if white solid does not appear. Filter through a Buchner funnel, dry by
pressing into the folds of filter paper. Recrystallize the crude acetyl salicylic acid from a mixture of equal
volumes of acetic acid and water.

Conclusion:

Yield-5g, M.P=136-137 °C

Acetyl acetic acid decomposes when heated and does not possess a true clearly defined melting point
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_eúlYe gúhðK : ù~ûMûA \ò@û~ûA[ôaû Rk ^cê^ûùe [ôaû ùiûWòdc Kûùaûðù^Uþ Gaõ ùiûWòdc
jûAùMâûKèûAWe ùcûU _eòcûY ^ò‰ðd

@ûagýKúd C_KeY  : aêýùeUþ, _òù_Uþ, ùKû^òKûfþ `äûÄ, @ûAiþ aû[þ

@ûagýKúd eûiûd^òK _\û[ð : jûAùWâûùKäûeòK @cä (HCI), cò[ûAfþ Iùe¬, ù`ù^ûf`[ûfò̂ þ

aòùgähY :  ù~ùZùaùk GK lûe Gaõ Kûùaûðù^Uþe cògâYKê GK cû^K @cæ ijòZ UûAùUâUþ Keû~ûG,
ùiùZùaùk _âgc^úKeY (Nuetralisation) \êA _â~ðýûdùe NùUö

(1) _â[c _\ùl_ùe, NaOH iµì‰ð _âgc^úKeY (Nuetralisation) ùjûA[ûG Gaõ Na
2
CO

3
 e

@ûõgòK _âgc^ ùjûA[ûGö

(2) \ßòZúd _\ùl_ùe, Na
2
CO

3
 e iµì‰ð _âgc^ ùjûA[ûGö

eûiûd^òK _âZòKâòdû  :
(i) NaOH + HCl   NaCl + H

2
O

Na
2
CO

3
 + HCl   NaCl + NaHCO

3

(ii) NaHCO
3
 + HCl   NaCl + H

2
O + CO

2

_âKâòdû :

ù~ûMA \ò@û~ûA[ôaû Rk ^cê^ûe 10 cò.fò. _òù_Uþ iûjû~ýùe aûjûe Keò ùKû^òKûf `äûÄùe
eL«êö G[ôùe `òù^ûf`[ûfò^þ iìPKe \êA aê¦û cògû«ê Gaõ GjûKê ae` aû[ùe [Šû Ke«ê
ù~_~ðý« Gjû ~ù[Á [Šû ̂  jêGö Zû’_ùe ùMûfû_ú ew @\égý ùjaû _~ðý« jûAùWâûùKäûeòK @cä
(HCI), aòeê¡ùe UûAùUâUþ Ke«êö aêýùeUþ _V^þKê ¤û^ \ò@«êö Gjò _V^ cìfý Gaõ _âûe¸òK aêýùeUþ
_V^cìfý c¤ùe _û[ðKý, @ûdZ^e cìfý RYûAa (V

1
)ö Gjò UAûùUâU \âaYùe, cò[ûAfþ Iùe¬

iìPK 2 “aê¦û” cògû«ê Gaõ ew jk\ò@ûeê fûf ^ùjaû _~ðý« UûAùUâUþ Ke«êö Gjò aêýùeUþ
_V^cìfý Gaõ _âûe¸òK aêýùeUþ _V^cìfý c¤ùe _û[ðKý V

2 
@ûdZ^e cìfý RYûAaö iõMZ

(concordent) _V^cìfý _ûAaû _ûAñ C_ùeûq _âKâòdûKê Zò^ò[e _ê^eûaé©ò Ke«êö

_eúlY - 1
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I.B.R. - _âûe¸òK aêýùeUþ _V^cìfý
F.B.R. - @«òc aêýùeUþ _V^cìfý

_~ðýùalY
iõLýû

Rk
^cê^ûe
@ûdZ^
(cò.fò.)

_âûe ò̧K
aêýùeUþ

_V^cìfý
I.B.R. (a)

@«òc
aêýùeUþ

_V^cìfý
F.B.R. (1st)

(b)

@«òc
aêýùeUþ

_V^cìfý
F.B.R. (2nd)

(c)

(b-a) V
1

(c-a) V
2

1

2

3

4

iûeYú :
aêýùeUþ _V^ (còfò) _û[ðKý (còfòùe) c«aý

_ûLû_ûLô

iõMZ

_eòKk^ :

NaOH + ½ Na
2
CO

3
 = V

1
  (còfò) HCI aýajûe Keû~ûAQò... (1)

NaOH + Na
2
CO

3
 = V

2
  (còfò) HCI aýajûe Keû~ûAQò... (2)

icúKeY (1) eê icúKeY (2) Kê aòù~ûM Keòùf

½Na
2
CO

3
 = V

2
 -V

1
 (còfò) HCI aýajûe Keû~ûAQò

Na
2
CO

3
=2(V

2
-V

1
 ) (còfò) HCI aýajûe Keû~ûAQò

NaOH  Kê _âgc^ Keòaû _ûAñ @ûagýK @cäe @ûdZ^ =  V
2
-2(V

2
-V

1
 ) còfò

Na
2
CO

3
 e _eòcûY :

@ûùc RûYê ù~,

1000 còfò 1N HCl = 53 Mâûc Na
2
CO

3

1 còfòe 1N HCl = 53/1000 Mâûc Na
2
CO

3

1 còfò e (A)N/10 HCL =   Na
2
CO

3
 Mâûc, ù~CñVûùe (A) N/10 ùjCQò HCL e cû^K cìfý

2(V
2
-V

1
 )  còfò e  “A” N/10 HCI =                             Mâûc  Na

2
CO

3
= X Mâûc Na

2
CO

3

ù~ûMûA \ò@û~ûA[ôaû Rk ^cê^ûùe 10 còfòùe X Mâûc Na
2
CO

3
 @Qòö

Zûùjùf 1000 còfò ù~ûMûA \ò@û~ûA[ôaû Rk ^cê^ûùe 100 X Mâûc /fòUe Na
2
CO

3
 @Qòö

53AX2(V
2
-V

1
)

10000
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NaOH e _eòcûY :

@ûùc RûYê ù~,

1000 còfò 1N HCl = 40 Mâûc NaOH

1 còfòe 1N HCl = 40/1000 Mâûc NaOH

1 còfò e (A)N/10 HCL =                   NaOH

{ V
2
-2 (V

2 
- V

1
 )}  còfò e  “A” N/10 HCI =                                   Mâûc  NaOH= Y Mâûc NaOH

ù~ûMûA \ò@û~ûA[ôaû Rk ^cê^ûùe 10 còfòùe X Mâûc NaOH Y Mâûc @Qòö

Zûùjùf ù~ûMûA \ò@û~ûA[ôaû Rk ^cê^û 1000 còfòùe 100 Y Mâûc /fòUe NaOH @Qòö

^òÃhð: ù~ûMûA \ò@û~ûA[ôaû Rk ^cê^ûùe 100 X Mâûc/fòUe ùiûWòdc Kûùaûðù^U (Na
2
CO

3
)

Gaõ 100 Y Mâûc/fòUe ùiûWòdc jûAùWâûKèûAWþ (NaOH) @Qòö

40A X {V
2
-2 (V

2
-V

1
)

1000

40A

10 x 1000
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_eúlY - 2
_eúlY gúhðK - 02  :-
A[ôfò^ú WûAGcò^ ùUUâûGiòUòKþ GiòWþ (EDTA) _¡Zò \ßûeû Rke lûeòdZû ^ò‰ðd Keòaûö
@ûagýKúd C_KeY : aêýùeUþ, _òù_Uþ, ùKû^òKûfþ `äûÄ, cû_K `äûÄ, ù]ûAaû ùaûZf
@ûagýKúd eûiû^òK _\û[ð :
(i) cû^K WòùiûWòdc EDTA \âaY
(ii) GeòIùKâûc Kkû-T iìPK (EBT) [ ùiûWòdc -1 (1- jûAùWâûKèò - 2 ^û_[ûAf @ûùRû) -6-
^ûAùUâû -2- ̂ û_[[f-4- ifù`ûù^Uþ (II)]

(iii) a`e \âaY (NH
4
Cl + NH

4
OH)

aòùgähY : lûeòdZû ùjCQò Rke MêY, ~ûjû iûaê^e ù`Y ùjaûe lcZûKê ùeûKò[ûGö cìkZü,
GjûKê Rk ^cê^ûe iûaê^e MâjY lcZû bûaùe _eòbûhòZ Keû~ûA[ûGö Rke leòdZû
iû]ûeYZü Ca2+, Mg2+ Gaõ AI3+, Fe3+ I Mn2+ _eò @^ýû^ý bûeú ]ûZê @ûd^MêWÿòKe fêY C_iÚòZò
ù~ûMêñ ùjûA[ûGö KVò^ Rke GK c^ê̂ ûc ù~ùZùaùk iûaê^ (GfòKþ GiòWþ, _ûcòUòKþ GiòWþ Kò´û
ùÁeòKþ GiòWþ _eò Cy `ýûUò GiòWþe ùiûWòdcþ Kò´û ù_ûUûiòdcþ fêY) ijòZ _âZòKâòdû Keû~ûG,
ùiùZùaùk ù`Y C_ô^Ü jêG ̂ ûjòñ Kò«ê @^ý_lùe @\âaYd ]kû Äcþ Kò´û @aùghY iéÁò Kùe,
~ûjûe ùKøYiò WòUeùR< Kâòdû ̂ ûjóö Gjû Kýûfiòdcþ Gaõ cýûùMÜiòdcþe @\âaYúd MêY ù~ûMêñ ùjûA[ûGö
lûeòdZûe _âKûe :
(K) @iÚûdú lûeòdZû :  Gjû Kýûfiòdcþ, cûùMÜiòdc Gaõ @^ýû^ý bûeú ]ûZêe \âaúbìZ
aûAKûùaûðù^Uþ Gaõ fêjûe Kûùaûðù^U _eò ù~øMòKe C_iÚòZò ù~ûMêñ ùjûA[ûGö ù~ùZùaùk
aûAKûùaûðù^UMêWÿòK aòNUòZ jêG, ùiùZùaùk Rk ̀ êUûA @\âaYúd Kûùaûðù^Uþ Kò́ û jûAùWâûKèûAWþ
C_ôû\^ Keò _ûZâe Zk bûMùe GK KâÁ bûaùe Rcû jêG, ùiùZùaùk @iÚûdú lûeòdZûKê \ìe
Keû~ûA_ûeòaö
(L) iÚûdú lûeúdZû : Gjû Kýûfiòdcþ, cûùMÜiòdc, fêjû Gaõ @^ýû^ý bûeú ]ûZêe \âaúbìZ
ùKäûeûAWþ Gaõ ifù`Ue C_iÚòZò ù~ûMêñ ùjûA[ûGö ùZYê, iÚûdú lûeúdZû _ûAñ \ûdú faYMêWÿòK
ùjCQò CaCl

2
, cò.Mâû.Cl

2
, CaSO

4 
cò.Mâû. SO

4
, FeSO

4
, Al

2
(SO4)

3
 AZýû\òö Rke lûeòdZû CaSO

3
e

icZêfý _eòcûY bûaùe _âKûg Keû~ûGö Rke lûeòdZû eòù_ûUð Keòaû _ûAñ CaSO
3
Kê cû^K

bûaùe aûQòaûe KûeY GjòKò ù~, Gjû _eòKk^ùe ijRZû @ûùY I Gjûe @ûYaòK IR^
(Molecular mass) ~ûjûKò 100 Gaõ Gjû iaêVûeê @\âaYúd fêY ~ûjûKê Rk aòùgû]ôKeY ùe
@aùl_òZ Keû~ûA_ûeòaö
lûeòdZûe GKK  :
(i) _âZò còfòd^ @õg (PPM) :  GjûKê _âZò còfòd^ (106) @õg Rkùe C_iÚòZ Kýûfiòdc
Kûùaûðù^Ueþ IR^ @^êiûùe @õg iõLýû bûaùe aýûLýû Keû~ûAQò, @[ðûZþ 106 @õg Rkùe 1

PPM = CaCO
3
 icKl lûeòdZû GK @õgö

(ii) _âZò còfòMâûc c (cò.Mâû/L) :  GjûKê GK fòUe Rkùe [ôaû còfòMâûc Kýûfiòdc Kûùaûðù^Ue iõLýû
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bûaùe _eòbûhòZ Keû~ûGö

Gjû cù^ eLôaû CPòZþ ù~ Rk _ûAñ 1 cò.Mâû/L = 1 PPM

^úZò : EDTA e WûAùiûWòdc fêY, ù~ùZùaùk lûeúd Rk ijòZ còùg Gjû _âZòKâòdû Kùe I
lûeúd cû¤cùe (PH 8-10) icÉ lûeúd MêY iéÁòKûeú ~êq PûRðKê MâjY Kùeö @Zý]ôK GeòIùKâûce
Kkû - T (EBT), _âZòKâòdû \ßûeû \âaYKê IßûA^þ fûfeê Êz ^úk ew ùjûA[ûGö ~ûjû UûùUâi^e
ùgh aò¦êö

eûiûd^òK _âZòKâòdû  :

_âKâòdû  :
(1) iµì‰ð lûeòdZûe ^ò‰ðd :
100  còfò ùKû^òKûfþ `äûÄùe 20 còfò lûeòd Rk ^cê^û _òù_Uþ Ke«êö 2 còfò a`e \âaY Gaõ
2-3 aê¦û GeòùKâûcþ Kkû -  T iìPK eìù_ cògû«êö Zû’_ùe aêýùeUþùe [ôaû M/100 EDTA \âaY ijòZ
ùKû^òKûfþ ̀ äûÄe \âaYKê UûAùUâUþ Ke«ê, ù\Lôùa ùgh aò¦êùe ù~_~ðý« ew IßûA^þ fûfeê ̂ úk
ewùe _eòa©ð̂  ̂ jêG, Gjò cû^K @û_Y ic ß̂òZ _ûV _ûAaû _~ðý« UûAùUâUþ cìfýKê ¤û̂  \ò@«êö @ûdZ^
V

2
ml ùjaûKê \ò@«êö

(ii)

Ca2+ - Ind Complex
Mg2+- Ind Complex
           Unstable

(wine red)

 
+ Na

2
H

2
+Y  

Ca - EDTA Complex
Mg+-EDTA Complex
           (Stable )

 
+H Ind2-+ H+

Ca2+ - Ind Complex
Mg2+- Ind Complex
           Unstable

(wine red)

 
+HInd2-Ca2+

Mg2+
 

 + H+(ii)

   (i) H
3
+ (Ind)           H

2
(Ind)-          HInd2-            Ind3-

   Wine red  Blue Yellow Orange
  (pH<7) (pH 7-11) (pH>11)

 -H+ -H+  -H+

IßûA^þ fûf ^úk jk\ò@û

(Rk ^cê^û) (^úk)

@iÚûA  (IßûA^þ fûf)      iÚûA
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iûeYú 1 :

(ii) @iÚûdú Gaõ iÚûdú lûeòdZû ̂ ò‰ðd : GK aWÿ aòKeùe 250 còfò lûeúd Rk ̂ cê̂ û ̂ ò@«ê Gaõ _âûd

1 N<û _~ðý« ]úùe `êUû«ê (ù~_~ðý« icÉ aûAKûùaûðù^Uþ @\âaYúd CaCO
3
+ Mg(OH)

2
 ùe

aòNUòZ ̂  jêG)ö [Šû Ke«ê, GK 250 còfò cû_K ̀ äûÄùe QûYò \ò@«êö Gjò \âaYe 50 còfò ̂ ò@«ê

Gaõ C_ùeûq _eò icû^ bûaùe @ûMKê aXÿ«êö aýajéZ EDTA e @ûdZ^ Rk ^cê^ûùe iÚûdú

lûeòdZû ijòZ icû^ö @ûdZ^ V
3
 còfò ùjaö

_ì‰ð lûeòdZûKê iÚûdú lûeòdZûKê aòùdûM Keò @iÚûdú lûeòdZû _eòKk^ : Keû~ûGö

iûeYú 2 :

_~ðýùalY
iõLýû

ù~ûMûY ùjûA[ôaû
Rk ^cê^ûe

_eòcûY (còfò)

aêýùeUþ _V^ (còfò)
_û[ðKý

(còfòùe)_âûe¸òK aêýùeUþ
_V^cìfý (IBR)

c«aý@«òc aêýùeUþ
_V^cìfý (FBR)

01

02

03

04

_ûLû_ûLô

iõMZ

_~ðýùalY
iõLýû

ù~ûMûY ùjûA[ôaû
Rk ^cê^û _eòcûY

(còfò)

aêýùeUþ _V^ (còfò)
_û[ðKý

(còfòùe)_âûe¸òK aêýùeUþ
_V^cìfý (IBR)

c«aý@«òc aêýùeUþ
_V^cìfý (FBR)

01

02

03

04

_ûLû_ûLô

iõMZ
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_eòKk^ :

ùcûU lûeòdZû :
1000 còfò 1M EDTA = 100 Mâûc CaCO

3

1 còfòe 1M EDTA = 100 còMâû CaCO
3

1 còfò e “a” M/100 EDTA = “a”   còMâû CaCO
3

V
2 
ml “a” M/100 EDTA = “a”  V

2
 còMâû  CaCO

3 
 = CaCO

3 
 e “A”  còMâû

Gùa 40 còfò Rk ^cê^ûùe  =  “A” còMâû  CaCO
3 
 @Qòö

1000 còfò Kò´û 1 fòUe Rk ̂ cê^ûùe =           X1000 =25 A còMâû / fòUe 25 “A” _ò_òGcþ
ùcûU lûeòdZû ~ûjûKò CaCO

3
 e ic lúeúdZû \éÁòeê ejòQòö

iÚûdú lûeòdZû  :

A

40

1 còfò e “a” M/100 EDTA = “a”   còMâû CaCO
3

V
3 
ml “a” M/100 EDTA = “a”  V

3
 còMâû  CaCO

3 
 = CaCO

3 
 e “B”  còMâû

Gùa 40 còfò ềUû Rk ^cê^ûùe  =  “B” còMâû  CaCO
3

1000 còfò Kò´û 1 fòUe ềUû Rk ^cê^ûùe =           X1000 =25 B còMâû / fòUe

 = 25 “B” _ò_òGcþ lûeòdZû ~ûjûKò CaCO
3
 e ic lúeúdZû \éÁòeê ejòQòö

ùZYê @iÚûdú lûeòdZû (25A-25B) _ò_òGcþ ijòZ icû^ ~ûjûKò CaCO
3 
e cû^K lûeúdZû \éÁòeê

ejòQòö

^òÃhð :  ù~ûMûY ùjûA[ôaû Rk ^cê^ûùe ùcûU lûeòdZû 25A ppm, iÚûdú lûeòdZû 25B ppm Gaõ
(25A-25B) ppm @iÚûdú lûeòdZû ejòQò ~ûjûKê CaCO

3 
e ic lûeúdZû \éÁòeê ejòQòö

B

40
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_eúlYe gúhðK  : @KèûfòKþ GiòWþ (Acid) aýajûe Keò ù_ûUûiòdcþ _cðûwûù^Uþ (KMnO
4
) e

cû^cúKeY (Standardisation)

@ûagýKúd C_KeY :  aêýùeUþ, _òù_Uþ, ùKû^òKûfþ `äûÄ

@ûagýKúd eûiûd^òK _\û[ð : KMnO
4
 \âaY, @KèûfòKþ GiòWþ (N/10), \âaúbìZ M§Kûcä

(DilH
2
SO

4
)

aòùgähY : ù_ûUûiòdcþ _ecûwûù^Uþ GK \ßòZúdK \âaY (secondary solution) KûeY G[ôùe
cûwû^òRþ WûA@KèûAWþ e @gê¡Zû [ûG, ~ûjû ù_ûUûiòdcþ _ecûwûù^Uþ Kê aòNUòZ Kùeö
`kÊeì_, ù_ûUûiòdcþ _ecûwûù^Uþe cû^KlcZû (strength)e gqò @]ôK icd Kò´û Kûk
_ûAñ iÚòe eùj ^ûjóö ùZYê, _ecûwûù^Uþ \âaYe gqò Gjûe aýajûe _ìaðeê ̂ ò‰ðd Keû~ûGö
ù_ûUûiòdcþ _ecûwûù^Uþ @cæúd cû¤cùe GK gqògûkú RûeK (oxidising agent) bûaùe
Kû~ðý Kùe ùZYê GjûKê if`êýeòKþ GiòWþ C_iÚòZòùe 60 - 700C ùe cû^K @KèûfòKþ
GiòWþ _eò GK aòRûeK (reducing agent) aòeê¡ùe UûAùUâUþ Keû~ûA_ûeòaö UûAùUâi^þ
_ìaðeê gqògûkú C-C ijbûRK a§^Kê bûwòaû _ûAñ @KèûfòKþ GiòWþKê Mec Keû~ûGö _âZòKâòdû
icdùe MnO4- Kê Mn2+ Kê aòRûeòZ ùjûA[ûG Gaõ @KèûùfUþ @ûd^MêWÿòK CO

2
 Kê RûeòZ jêGö

Gjò UûAùUâi^þùe, ù_ûUûiòdcþ _ecûwûù^Uþ GK Êdõ-iìPK (self-indicator) bûaùe Kû~ðý
Kùe KûeY Gjûe @KèòùWi^þ cìfý _eòa©ð̂  ijòZ ew _eòa©ð^ Keòaûe lcZû @Qò (Mn7+)
ùMûfû_ú ewe Gaõ Mn2+ Rk cû¤cùe ewjú^)ö UûAùUâi^þ icdùe ù_ûUûiòdcþ
_ecûwûù^Uþ, @KèûfòKþ GiòWþ \ßûeû aòRûeòZ ùjûA ewjú^ cûwû^ûiþ @ûd^ùe _eòa©òðZ jêG Gaõ
ù~ùZùaùk iµì‰ð eìù_ aòRûeK aýajéZ jêG ùiùZùaùk, KMnO

4
 e ùMûUòG c¤ @Zòeòq aê¦û

\âaYKê ùMûfû_ú ewùe _eòa©òðZ Keò[ûG, ~ûjû UûAùUâi^e ùgh aò¦êö

_eúlY - 3

[MnO
4

-+8H+ + 5e        Mn2+ + 4 H
2
 O] × 2

[C
2
O

4
2-        2CO

2
 + 2e] x 5

2 MnO
4

-+ 5 C
2
O

4
2- +16 H+          2 Mn2+ +8 H

2
O + 10 CO

2

 

 

 

_âKâòdû :
250 còfò ùKû^òKûfþ `äûÄùe 10 còfò N/10 @KèûfòKþ GiòWþ _òù_Uþ Ke«êö @]û ùUÁUêýaþ \âaúbìZ
if`êýeòKþ GiòWþ ù~ûW«ê Gaõ 50-600 ùifiòdiþ _~ðý« Mec Ke«êö Zû_ùe, \âaYKê iÚûdú
jûfêKû ùMûfû_ú ew _ûAaû _~ðý« KMnO

4 
\âaY aòeê¡ùe UûAùUâUþ Ke«êö iõMZ _ûVý _âû¯ ùjaû

_~ðý« UûAùUâi þ̂ _ê̂ eûaé©ò Ke«êö

eûiûd^òK _âZòKâòdû :
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_eòKk^ :

@ûùc RûYê ù~, S
1
V

1
 = S

2
V

2

ù~CñVûùe, @KèûfòKþ GiòWþ (N/10) e cû^KlcZû gqò

V
1
 = @KèûfòKþ @cäe, _eòcûY (10 còfò)

S
2
 = KMnO

4
 e cû^KlcZû gqò

V
2
 = KMnO

4
 e _eòcûY Lyð ùjûAQò

^òÃhð : ù~ûMûA \ò@û~ûA[ôaû ù_ûUûiòdcþ _ecûwûù^Ue cû^KlcZû gqò .............Nö

_~ðýùalY
iõLýû

N/10 @KèûfòKþ
@cäe @ûdZ^

aêýùeUþ _V^ (còfò)
_û[ðKý

(còfòùe)_âûe¸òK aêýùeUþ
_V^cìfý (IBR)

c«aý@«òc aêýùeUþ
_V^cìfý (FBR)

01

02

03

04

_ûLû_ûLô

iõMZ

iûeYú :

S
2 
=

S
1
xV

1

V
2
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_eúlYe gúhðK  : cû^KòKéZ ù_ûUûiòdcþ _ecûwûù^Uþ aýajûe Keò ùcûje fêYùe ù`eiþ
@ûd^þ (ùføj) [FeSO

4
 (NH

4
)

2
 SO

4
.6H

2
O]) ^ò‰ðdö

@ûagýKúd C_KeY :  aêýùeUþ, _òù_Uþ, ùKû^òKûfþ `äûÄ, aòKe, cû_K iòfòŠe, ù]ûAaû
ùaûZf, ùUÁ Uêýaþö

@ûagýKúd eûiûd^òK _\û[ð : (i) ùcûjee fêY \âaY, (ii) KMnO
4
 \âaY, (iii) \âaúbìZ H

2
SO

4

aòùgähY : ùcûjee fêY \âaYùe [ôaû ù`eiþ @ûd^e _eòcûY @cæúd cû¤cùe ù_ûUûiòdcþ
_ecûwûù^Uþ \âaY aòeê¡ùe UûAùUâUòõ \ßûeû ^ò‰ðd Keû~ûGö GVûùe, ù_ûUûiòdcþ
_ecûwûù^Uþ GK Êdõ-iìPK bûaùe Kû~ðý Kùeö iÚûdú jûfêKû ùMûfû_ú ew ù\Lû~òaû
\ßûeû ùgh aò¦ê ^ò‰ðd Keû~ûGö _âZòKâòdû icdùe Fe2+ RûeòZ ùjûA Fe3+ Kê Gaõ MnO

4
-

aòReòZ ùjûA Mn2+ Kê _eòa©òðZ ùjûA [ûGö

_eúlY - 4

_âKâòdû :
ù~ûMûA \ò@û~ûA[ôaû ùcûje fêY \âaYe 10 còfò _òù_U Keò GK 250 còfò ùKû^òKûfþ `äûÄùe
eL«êö \âaúbìZ if`êýeòKþ @cäe, @]û ùUÁUêýaþ ù~ûW«ê Gaõ iÚûdú jûfêKû ùMûfû_ú ew _ûAaû
_~ðý« KMnO

4 
\âaY aòeê¡ùe UûAùUâUþ Ke«êö iõMZ _ûVý _âû  ̄ùjaû _~ðý« UûAùUâi þ̂ _ê̂ eûaé©ò Ke«êö

eûiûd^òK _âZòKâòdû :

[MnO
4

-+8H+ + 5e        Mn2+ + 4 H
2
O]

[Fe2+         Fe3+ + e] x 5

2 MnO
4

-+ 5 Fe2+ +8 H+          2 Mn2+ + 5 Fe3+ + 4 H
2
O
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_~ðýùalY
iõLýû

ù~ûMûA
\ò@û~ûA[ôaû
ùcûje fêY

\âaYe _eòcûY

aêýùeUþ _V^ (còfò)
_û[ðKý

(còfòùe)_âûe¸òK aêýùeUþ
_V^cìfý (IBR)

c«aý@«òc aêýùeUþ
_V^cìfý (FBR)

01

02

03

04

_ûLû_ûLô

iõMZ

iûeYú :

_eòKk^ :

ùcûjee fêY \âaY \ßûeû aýajéZ KMnO
4
 @ûdZ^ = V ml

1000 còfò 1 N KMnO
4
 = 55.84 Mâû.c Fe

1 còfò 1 = KMnO
4

   Fe e Mâû.c

        KMnO
4

e V ml =        Mâû.c Fe = “A” Mâû.c  Fe

ùZYê 10 còfò ùcûje fêY \âaYùe “A” Mâû.c Fe [ûGö

1000 còfò ù~ûMûA \ò@û~ûA[ôaû ùcûje fêY \âaYùe 100 A Mâû.c./fòUe Fe [ûGö

^òÃhð : ù~ûMûA \ò@û~ûA[ôaû ùcûje fêY \âaYùe ....... Mâû.c./fòUe Fe [ûGö

55.84
1000

x V x
55.84
1000

X
10

X
10
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ÁûPðþ +I
2
       ÁûPþð @ûùdûWûAWþ ù~øMòK (^úk ew)

_eúlYe gúhðK  : ù~ûMûA \ò@û~ûA[ôaû Rk ̂ cê̂ ûùe \âaòbìZ @cæRû^e _eòcûY ̂ ò‰ðd Keòaûö

@ûagýKúd C_KeY :  aêýùeUþ, Á_e ùaûZf (500 còfò), cû_K iòfòŠe (250 còfò),
ùUhþU Uêýaþö

@ûagýKúd eûiûd ò̂K _\û[ð : (i) cûwû̂ iþ ifù`Uþ \âaY (48%), (ii) @ûfKûfûA þ̂ ù_ûUûiòdc
@ûùdûWûAWþþ \âaY, (iii) \âaúbìZ if ềýeòKþ GiòWþ, (iv) cû^K ùiûWòdcþ [ûùdûifù`Uþ \âaY Gaõ
(v) i\ý _âÉêZ ÁûPþð \âaYö

aòùgähY : \âaúbìZ @cæRû^ ùjCQò Rk MêYa©ûe GK MêeêZß_ì‰ð _eòcû_Kö Gjû Rkùe C_iÚòZ
ùR÷÷a _\û[ðe iµì‰ð RûeK _ûAñ @ûagýK @cæRû̂ e _eòcûYö iû]ûeYZü ùKûVeò Zû_cûZâûùe _âZò
fòUe Rkùe _âûd 8 còfò \âaúbìZ @cæRû^ [ûGö \âaúbìZ @cäRû^e ̂ ò‰ðd C©¯ C_KeY _ûAñ
@ZýûagýK ùjûA[ûG KûeY Gjû C_KeYKê ld NUûA[ûGö Rkùe \âaúbìZ @cäRû^ Ißòufeu
_¡Zò \ßûeû ̂ ò‰ðd Keû~ûGö Rkùe \âaúbìZ @cæRû^ \ßûeû ù_ûUûiòdcþ @ûùdûWûAWþe ‘RûeY’
_âKâòdû (oxidation process) C_ùe @û]ûeòZö @ûùdûùWûùcUâòKþ _ŸZò (Ißòuþfe) Gjò Z[ý
C_ùe @û]ûeòZ ù~ lûeúd cû¤cùe, \âaúbìZ @cæRû^ Mn2+eê Mn+4 Kê RûeòZ Kùe, ~ûjû
@cäúd cû¤cùe @ûùdûWûAWþ Kê cêq @ûùdûWò^ùe RûeY Keòaûùe iûjû~ý Kùeö cêq
ùjûA[ôaû @ûùdûWò̂ e _eòcûYKê cû^K ùiûWòdcþ [ûùdûifù`Uþ \âaY aòeê¡ùe aòùgû]^
Keû~ûGö
ù~ùjZê Rkùe \âaúbìZ @cæRû^ @ûYaòK @aiÚûùe [ûG ùZYê Gjû ù_ûUûiòdcþ @ûùdûWûAWþ \âaY
ijòZ _âZòKâòdû KeòaûKê ilc jêG ̂ ûjó, ùZYê ù_ûUûiòdcþ @ûùdûWûAWþ (KI) Gaõ @cæRû^ c¤ùe
_âZòKâòdû @ûYòaû _ûAñ @cæRû^ aûjK (ù~_eòKò cûwû^iþ jûAùWâûKèûAWþ) aýajûe Keû~ûGö

_eúlY - 5

2KOH + MnSO
4
        Mn(OH)

2
 + K

2
SO

4

2Mn(OH)
2
 + O

2
           2MnO(OH)

2

MnO(OH)
2
 + H

2
SO

4
        MnSO

4
 +2H

2
O+ [O]

2KI + H
2
SO

4
+ [O]         K

2
SO

4
 + H

2
O +1

2

2Na
2
S

2
O

3
+1

2
         2Nal + Na

2
S

4
O

6

(@cæRû^ aûjK)       (ùcøkòK cûwû^òKþ @KèûAWþ)

(_âZòKâòdûgúk @cæRû^)
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_âKâòdû :

ù~ûMûA \ò@û~ûA[ôaû Rk ^cê^ûe 500 còfò ^ò@ö C_ùe _âûd 10 còfò LûfòiÚû^ QûWò 250 còfò Rk
^cê^û a¦ ùaûZfùe ̂ ò@«êö (ù~ùZ\ìe i¸a aûdê iõÆgðùe @ûiòaûKê GWÿûAaû)ö Zêe« 1 còfò cûwû^iþ
ifù`Uþ \âaY Gaõ Zû’_ùe 1 còfò lûeúd ù_ûUûiòdcþ @ûùdûWûAWþ \âaYKê _òù_U iûjû~ýùe cògû«ê, ~ZÜ
^ò@«ê ù~ \âaYUò Rke _éÂ Zùk bf bûaùe aòZeY jêGö (lûeúd \âaYùe KI ùiûWòdcþ @ûRûAWþ [ûG,
~ûjû C_iÚòZ [ôaû ù~ùKøYiò RûeKe ~ZÜ ̂ òG, ~ûjû ù_ûUûiòdcþ @ûùdûWûAWþ (KI) eê @ûùdûWò̂ þ cêq Keòaûe
i¸ûa^û [ûG)ö Zû’_ùe cògâYe iVòKZû iê^ò½òZ Keòaû _ûAñ ùaûZfKê @ù^K [e Zk-C_e Keòaû Gaõ
MVòZ @aùl_YKê (precipitate) KòQò cò^òUþ _ûAñ iÚòe ùjaûKê \ò@û~ûGö Zû’_ùe 3 còfò \âaúbìZ H

2
SO

4
e

\âaYKê aê¦û aê¦û Keò cògû~ûG ù~_~ðý«  @aùl_Y \âaúbìZ ^jêG, Gjû ]úùe ]úùe GK ÆÁ jk\ò@û
ewe \âaY _â\û^ Kùeö @ûfcûeú bòZùe 5 cò̂ òUþ _ûAñ \âaYKê @§ûeùe eL«êö Zû’_ùe, 40 còfò \âaYKê
_òù_U Ke«ê Gaõ ajêZ aêýùeUþeê cû^K (standard) ùiûWòdcþ [ôIifù`Uþ \âaY ijòZ GjûKê UûAùUâUþ
Ke«êö ù~ùZùaùk \âaYe ew ajêZ jûfêKû jk\ò@û (^Wû _eò ew) ùjûA~òa, ùiùZùaùk 1 còfò i\ý
_âÉêZ ÁûPð iìPK cògû«ê Gaõ ^úk ew iµì‰ð @\égý ùjaû _~ðý« UûAùUâi^þ Rûeò eL«êö

_~ðýùalY
iõLýû

Rk ^cê^ûe
@ûdZ^ (còfò)

aêýùeUþ _V^ (còfò)
_û[ðKý

(còfòùe)_âûe¸òK aêýùeUþ
_V^cìfý (IBR)

c«aý@«òc aêýùeUþ
_V^cìfý (FBR)

01

02

03

04

_ûLû_ûLô

iõMZ

iûeYú :
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_eòKk^ :

1000 còfò 1 N Na
2
S

2
O

3
 \âaY = 8 Mâûc @cæRû^

1 còfò 1 N Na
2
S

2
O

3
 \âaY = 8 cò.Mâûc @cæRû^

 V còfò “a N/10” Na
2
S

2
O

3
 \âaY =             @cæRû^e cò.Mâû.

40 còfò Rkùe =          Mâû.c cò.Mâûc @cæRû^ [ûGö

1000 còfò Rkùe   cò.Mâûc/fòUe @cæRû^ [ûG

= “A”  cò.Mâûc/fòUe @cæRû^

= @cæRû^e “A” ppm

^òÃhð : ù~ûMûA \ò@û~ûA[ôaû Rk ^cê^ûùe \âaúbìZ @cæRû^e _eòcûY....... ppm

8aV
10

8aV
10
8YZ
10

X1000
40
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_eúlYe gúhðK : ù~ûMûY ùjûA[ôaû aäòPòõ _ûCWeùe C_f² ùKäûeò̂ e _âZògZ ̂ ò‰ðdö

@ûagýKúd C_KeY :  aêýùeUþ, aêýùeUþ ÁûŠ, _òù_U, ùKû^òKûfeþ `äûÄ, KûP _ûZâ, cû_
iòfòŠe, ù]ûAaû ùaûZfö

@ûagýKúd eûiûd^òK _\û[ð : aäòPòõ _ûCWe \âaY KI(10%) \âaY, \âaúd (dilute) @ûùiUòKþ
GiòWþ, N/10 ùiûWòdcþ [ûIifù`Uþ \âaY, ÁûPð iìPKö

aòùgähY : aäòPòõ _ûCWe GK bf RúaûYê^ûgK ~ûjû Rkùe cògò ùeûM iéÁòKûeú RúaûYêKê
cûeò[ûGö aäòPòõ _ûCWee RúaûYê^ûgK Kû~ðý jûAù_ûùKäûeiþ @cä (HOCL) Gaõ ^òMðZ
_âZòKâòdûgúk (nascent) @cæRû^ ù~ûMêñ ùjûA[ûGö Gjû GK gqògûkú RûeK (oxidizing agent)
Gaõ jûAùMâûùÄû_òKþ (_eòùagùe [ôaû @û\âðZû ùgûhY Keòaûe lcZû) _âKéZòe @ùUö
aäòPòõ _ûCWee MêYa©û G[ôùe [ôaû ùKäûeò̂ e _eòcûY C_ùe ̂ òbðe Kùeö C_f² ùKäûeò^e
_âZògZKê _âZò gùj @õg aäòPòõ _ûCWeùe RûeY (@KèòùWi^) _ûAñ C_f² ùKäûeò^e _eòcûY
bûaùe _eòbûhòZ Keû~ûA_ûùeö ùZYê, C_f² ùKäûeò^e _âZògZ ù~ùZ @]ôK, aäòPòõ
_ûCWee MêYa©û ùiùZ bkö ~\òI aäòPòõ _ûCWeùe _âûd 56% ùKäûeò̂ þ [ûG Kò«ê GK bf MêYa©û
aäòPòõ _ûCWeùe C_f² ùKäûeò̂ e ùKak 35-38% [ûGö KûeY eLû ùjûA[ôaû aäòPòõ _ûCWe
]úùe ]úùe aòNU^ jêG Gaõ Kýûfiòdc ùKäûeûAW Gaõ Kýûfiòdc ùKäûùeUùe eì_û«eòZ jêGö
ùZYê icd aòZòaû ijòZ C_f² ùKäûeò̂ e _âZògZ jâûi _ûGö

6 CaOCl
2
           5 CaCl

2
 + Ca(CIO

3
)

2

^òZò :
Rkùe cêq ùjC[ôaû ùKäûeò^þ, KI ijòZ _âZòKâòdû Keò @ûùdûWò^þ eì_ùe cêq jêGö Gjò cêq
ùjûA[ôaû @ûùdûWò^þ ÁûPðKê iìPK bûaùe aýajûe Keò ùiûWòdcþ [ûùdûifù`Ue GK
cû^K (standard) \âaY aòeê¡ùe UûAùUâUþ Keû~ûGö

_eúlY - 6

 

CaOCl
2
 + H

2
O            Ca (OH)

2
 + Cl

2

Cl
2
 +H

2
O          HCI + HOCI

CaOCl
2
+2KI+2CH

3
COOH        CaC

2
 +2CH

3
COOK+H

2
O+1

2

1
2
+ Na

2
S

2
O

3
        2 Nal + Na

2
S

4
O

6

1
2
+ Starch             Starch Iodide complex

 

 

 

 

 

eûiûd^òK _âZòKâòdû :
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_âKâòdû :

250 còfò ùKû ò̂Kûfþ ̀ äûÄùe ù~ûMûA \ò@û~ûA[ôaû aäòPòõ _ûCWe \âaYe 10 còfò _òù_U Ke«êö 15 còfò
10% KI \âaY Gaõ 10 còfò \âaúd (diluted) @ûùiUòKþ Giò_þ \âaY cògû«êö ùKû ò̂Kûfþ ̀ äûÄKê IßûPþ Mäûiþ
ijòZ ùNûWÿûA \ò@«ê Gaõ @§ûeùe 30 cò̂ òUþ _ûAñ eL«êö 30 cò̂ òUþ _ùe cêq @ûùdûWò̂ þ Kê ÁûŠûWð jûAù_û
(hypo) \âaY ijòZ UûAùUâUþ Ke«ê ~ûjû \ßûeû jûfêKû jk\ò@û ew @ûiòaö 2 eê 3 aê¦û ÁûPð iìPK cògû«ê
Gaõ ewjú^ \âaY ùjaû _~ðý« UûAùUâi þ̂ Ke«ê, ~ûjû ùjCQò ùgh aò¦êö UûAùUâUþ cìfýKê ¤û^ \ò@«êö
iõMZ cìfý _ûAaû _ûAñ C_ùeûq _âKâòdûKê Zò̂ ò̂  [e _ê̂ eûaé©ò Ke«êö

_eòKk^ :

aäòPòõ _ûCWe \âaYe iû¦âZû = 10 Mâûc / fòUe

UûAùUâUþ cìfý = X còfò

@ûùc RûYê ù~ :

1000 còfò 1 N Na
2
S

2
O

3
  = 35.5 Mâûc ùKäûeò^þ

1 còfò 1 N Na
2
S

2
O

3
 \âaY = 0.035 Mâûc ùKäûeò̂ þ

 1 còfò “a N/10” Na
2
S

2
O

3
  = 0.035 a  Mâûc ùKäûeò^þ

X còfò “a N/10” Na
2
S

2
O

3
  = 0.035 aX cò.Mâûc ùKäûeò^þ

_~ðýùalY
iõLýû

\ò@û~ûA[ôaû
CaOCI

2
 \âaYe

@ûdZ^ (còfò)

aêýùeUþ _V^ (còfò)
_û[ðKý

(còfòùe)_âûe¸òK aêýùeUþ
_V^cìfý (IBR)

c«aý@«òc aêýùeUþ
_V^cìfý (FBR)

01

02

03

04

_ûLû_ûLô

iõMZ

iûeYú :
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Gùa ù~ûMûA \ò@û~ûA[ôaû 10 còfò aäòPòõ _ûCWe \âaYùe 0.0035 aX Mâûc ùKäûeò^ @Qòö

ù~ûMûA \ò@û~ûA[ôaû 1000 còfò aäòPòõ _ûCWe \âaYùe (0.0035 aX1000)/ 25 = A Mâûc
ùKäûeò^þ [ûGö

C_f² ùKäûeò^e % :

10 Mâûc CaOCI
2
 \âaYùe A Mâûc C_f² ùKäûeò^þ @Qò

100 Mâûc CaOCI
2
  \âYùe 10 A Mâûc C_f² ùKäûeò^þ @Qò

^òÃhð : ù~ûMûA \ò@û~ûA[ôaû aäòPòõ _ûCWe \âaYùe ......C_f² ùKäûeò^þ @Qòö
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eûiûd^òK _âZòKâòdû :

CaCO
3
+2HCI           CaCl

2
 + H

2
O + CO

2
‚

CaCl
2
  + (NH

4
)

2
C

2
O

4
        CaC

2
O

4
 +2NH

4
Cl

CaC
2
O

4
 + H

2
SO

4
        CaSO

4
 + H

2
C

2
O

2

2KMnO
4
 + 3H

2
SO

4
 = K

2
SO

4
 + 2MnSO

4
+5[O] + 3H

2
O

5H
2
C

2
O

2 
+ 5[0] = 5H

2
O + 10CO

2

 

 

 

1 ml of 1 N KMnO
4
 = 0.020 gm of Ca

1 ml of 1 N KMnO
4
 = 0.028 gm CaO

1 ml of 1 N KMnO
4
 = 0.050 gm of CaCO

3

_eúlYe gúhðK : Pì̂  _[eùe Kýûfiòdce _eòcûY @ûKk^ Keòaûö

@ûagýKúd C_KeY : aêýùeUþ, _òù_U, ùKû^òKûfeþ ̀ äûÄö

@ûagýKúd eûiûd^òK _\û[ð : KMnO
4
 \âaY, cû^K @ûKèûfòKþ GiòWþ (N/10), 8% @ûùcû^òdcþ

@KèûùfUþ \âaY, NH
4
CI, @ûùcû^ò@ûö

aòùgähY : Pì̂  _[e cìkZü Kýûfiòdcþ Kûùaûðù^Uùe MVòZ Kò«ê iû]ûeYZü Kc _eòcûYe
cýûùMÜiòdc Kûùaûðù^U ijòZ RWòZö ùWûùfûcûAUþ ùjCQò Kýûfiòdc Kûùaûðù^U Gaõ
cýûùMÜiòdc Kûùaûðù^Ue GK icZêfý ù~øMòKö Gjò LYòRMêWÿòK iû]ûeYZü ùføj,
@ûfêcò^òdc, iòfòK^þ (cêq Kò´û cògâúZ) Gaõ ùR÷a _\û[ðe @KèûAWþ ijòZ \ìhòZ ùjûA[ûGö
LYòR _\û[ðMêWÿòKe ajê iõLýK gòÌ _âùdûM @Qò Gaõ LYòRe MêYa©û Gaõ GK ̂ òŸòðÁ aûYòRòýK
_âùdûM _ûAñ Gjûe C_~êqZû CaCO

3
, MgCO

3
 Gaõ C_iÚòZò @^ýû^ý C_û\û^e _eòcûY

C_ùe ^òbðe Kùeö ùZYê iµì‰ð aòùgähY _âûdZü @ûagýK ùjûA[ûGö
Gjò _¡Zòùe, Pì^ _[e _ûCWeKê jûAùWâûùKäûeòK @cäùe \âaúbìZ Keû~ûG Gaõ @ûùcû^ò@û
C_iÚòZòùe @KèûfòKþ GiòWþ Kò´û @ûùcû^òdcþ @KèûùfUþ aýajûe Keò \âaYùe C_iÚòZ
KýûfiòdcþKê @KèûùfUþ bûaùe @agùgûhòZ jêGö ù]ûAaû _ùe @aùgûhòZ Kýûfiòdcþ @KèûùfUþ Kê
\âaúd if ềýeòKþ GiòWþ ijòZ _âZòKâòdû Keû~ûG Gaõ cêq ùjûA[ôaû @KèûfòKþ GiòWþ GK ̂ òŸòðÁ cû̂ K
KMnO

4
  \âaY ijòZ UûAùUâUþ Keû~ûGö UûAùUâi^ _ûAñ @ûagýK KMnO

4
 @ûdZ^eê, Gjò LYòR

_[eùe [ôaû Kýûfiòdcþe _eòcûY MY^û Keû~ûA_ûùeö

_eúlY - 7
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_âKâòdû :

GK aòKeùe 1 Mâûc Pê̂  _[eKê iVòKþ bûaùe IR^ Ke«ê Gaõ LYòR _[eKê \âaúbìZ Keòaû _ûAñ
GjûKê @Ì \âaýd HCI ijòZ aòùgû]^ Ke«êö ¤û^ \ò@«ê, ù~_eò CO

2
 Mýûiþ \îZMZòùe aûjûeòaû

\ßûeû \âaY ̂ Á ̂ jêG, ùi[ô_ûAñ aòKeKê aé©ûKûe KûP \ßûeû ùNûWûA eL«êö icÉ ]ûZê _òŠ \âaúbìZ
ùjaû _ùe aé©ûKûe KûPKê _ûYòùe ù]ûA ùijò aúKe c¤ùe cògâY Ke«êö Zû_ùe @ûùcû^ò@û cògûA
\âaYKê lûeúd Ke«êö Zûjû_ùe 1 Mâûc @ûùcû^òdcþ ùKäûeûAWþ (NH

2
CI) cògâY Ke«ê Gaõ \âaYUò

\âaòbìZ ùjaû _~ðý« ZûKê cògâY Ke«êö cògâY RûeòeLô @]ôK _eòcûYe 8% @ûùcû^òdcþ @KèûùfUþ
\âaYKê _êYò \âaúbìZ Ke«êö Zûjû_ùe \âaYKê `êUû«ê Gaõ Kýûfiòdcþ @KèûùfUþ @aùghKê iÚòe
ùjaûKê \ò@«êö ÆÁ \âaúdKê QûYYú KûMR \ßûeû @fMû Ke«ê, ùKäûeûAWþ Gaõ @KèûùfUþ @ûd^
(ùKäûeûAWþ _ûAñ AgNO

3
 Gaõ @KèûùfUþ _ûAñ Mec GiòUòùfùUWþ \âaúd KMnO

4
 ijòZ _eúlY Keò)

cêq ^ ùjaû _~ðý« @Ì @ûùcû^òdcþ jûAùWâûKèûAWþ ~êq Mec _ûZ^ _ûYò ijòZ @aùghKê @ù^K
[e ù]ûA \ò@«êö cýûùMÜiòdcþ ̂ ò‰ðd _ûAñ Gjò  @aùghKê iõelY Ke«êö @ûagýK ùjùf, cýûùMÜiòdcþKê
cýûùMÜiòdcþ _ûAùeû`iù`Uþ eìù_ ̂ ò‰ðd Ke«êö

`ù^f Zùk @aùgh [ôaû aòKeKê eL«ê Gaõ QûYYú KûMRùe [ôaû Kýûfiòdc @KèûùfUKê \âaúbìZ
Keòaû _ûAñ `òfÖe ù__eùe 20 eê 25 còfò 5N H

2
SO

4
 Kê cògû«êö Gjò GiòWþ aòKeùe [ôaû

Kýûfiòdc @KèûùfUþ @aùl_YKê c¤ \âaúbìZ Keò\òGö QûYYú KûMR Kê _ûZ^ _ûYòùe ù]ûA \ò@«ê
Gaõ ùijò ]ì@û _ûYò c¤ icû^ aòKeùe iõMâj Ke«êö Gjò \âaYKê _eòcûYûcôK bûaùe 250 còfò
cû_ `äûÄùe iÚû^û«e Ke«ê, Gaõ G[ôùe PòjÜ _~ðý« _ûZ^ _ûYò be«ê Gaõ \âaYKê bf bûaùe
jfû«êö 25 còfò \âaYKê GK ùKû^òRûf `äûÄùe ^ò@«ê, ùi[ôùe 10 còfò \âaúd H

2
SO

4 
cògâY Keò

\âaYKê _âûd 70 0C ùe Mec Ke«ê Gaõ cû^K KMnO
4 
\âaY (~ûjû _ùe _â[ùc cû^K @KèûfòKþ

GiòWþ \âaY ijòZ cû^KúKeY Keû~ûA[ôfû) aòeê¡ùe  UûAùUâUþ Ke«êö

iûeYú :

_~ðýùalY
iõLýû

@KèûfòKþ GiòWþ
\âaYe _eòcûY

aêýùeUþ _V^ (còfò)
_û[ðKý

(còfòùe)_âûe¸òK aêýùeUþ
_V^cìfý (IBR)

c«aý@«òc aêýùeUþ
_V^cìfý (FBR)

01

02

03

04
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_eòKk^ :

^ò@û~ûA[ôaû _[ee IR^ = 1 Mâû.c

_âÉêZ @KèûfòKþ GiòWþ \âaYe @ûdZ^ = 250 cò.fò.

_âùZýK UûAùUâi^þ _ûAñ ̂ ò@û~ûA[ôaû @KèûfòKþ _eòcûY = 25 cò.fò.

KMnO
4
 \âaYe @ûdZ^ = X ml

KMnO
4
 e cû^KúeY :

25 còfò N/10 @KèûfòKþ GiòWþ = 25 cò.fò. N/10 KMnO
4 
\âaY

iû]ûeYZû  KMnO
4
 e cû^K N/10

Gùa, @ûùc RûYòQê ù~

1 còfò 1 N KMnO
4 
= 0.02 Mâû.c Ca

19.3 còfò N/10 KMnO
4 
=  0.02 x X x 1/10 Mâû.c Ca

ùZYê, 25 còfò \âaYùe 0.02 x X Mâûc Ca [ûG

250 còfò \âaYùe 0.02 x X Mâûc Ca [ûG

Gùa, 1 Mâûc _[eùe 0.02 x X Mâûc Ca @Qò

100 Mâûc LYòR _\û[ðùe 0.02 x X x 100 Mâû.c [ûG =  x Mâû.c Ca

% ]ûZêùe [ôaû Ca = 38.6% = 96.5%  CaCO
3

^òÃhð : ù~ûMûA \ò@û~ûA[ôaû Pì^ _[eùe  x % Ca ejòQòö



_âùdûMgûkû ̂ òùŸðgòKû / LABORATORY MANUAL

[  43  ]

_eúlYe flý : ù_^Äò-cûùUð̂ è ̀ äûiþ _G< C_KeY aýajûe Keò ùZfe ̀ äûiþ _G< ̂ ò‰ðd

@ûagýKúd ~ª_ûZò : ù_^Äò-cûùUð̂ e a¦ K_þ ̀ äûiþ _G< C_KeY, [ùcûðcòUe, cû_K iòfòŠe,
LV aòKe)

@ûagýKúd eûiûd^òK _\û[ð : ù~ûMA \ò@û~ûA[ôaû ùZf ^cê^û

aòùgähY : ùZfe `äûiþ aò¦êKê iað̂ òcÜ Zû_cûZâû bûaùe _eòbûhòZ Keû~ûG ù~Cñ[ôùe Gjû
aû¿ \òG, ~ûjû aûdê ijòZ cògò GK Rßk^gúk cògâY MV^ Kùe Gaõ _ûAfUþ gòLû _âùdûM
Kùf @ûùfûKe Sfi \òGö Gjû @MÜò aò_\Kê ùeûKòaû _ûAñ @ûagýK ùZfe @iÚòeZû aòhdùe
iìP^û \òGö

@MÜòaò¦ê ùjCQò iað̂ òcÜ Zû_cûZâû ù~CñVûùe ùZf \ßûeû _~ðýû̄  aû¿ aé¡ò _ûG, ~ûjû ̀ kùe _ûAfUþ
gòLû \ßûeû _â{ßkòZ ùjaû _ùe Gjû @Zò Kcùe 5 ùiùKŠ _ûAñ ̂ òe«e Rùkö

ä̀ûiþ aò¦ê ùZfe @iÚòeZû _âaé©òe GK @ûùÉ @ûbûi _â\û^ Kùe Gaõ ùZYê C_ôû\e icû̂ Zû aRûd
eLôaû _ûAñ _âKâòdû ^òdªYùe C_ù~ûMú ùZfe @MÜò aò¦ê Gjûe `äûiþ aò¦êVûeê _âûd 400

@]ôKö GK fêaâòùK<e aýajûe, _eòaj^ Gaõ iõelY icdùe @MÜò aò_\ aòeê¡ùe iêelû
_â\û^ Kùeö ù_^òKè cûùUð^è a¦ K_þ C_KeY aýajûe Keò `äûiþ Gaõ @MÜò aò¦ê Cbd
^ò‰ðd Keû~ûA_ûeòaö

_âKâòdû :
C_KeYùe \ò@û~ûA[ôaû K_ùe ù~ûMûY ùjûA[ôaû ùZf ̂ cê̂ û ̂ ò@«êö XûKYû ijòZ K_Kê a¦
Ke«ê Gaõ [ùcûðcòUeKê Gjûe iÚû^ùe eL«êö ùa÷\êýZòK Mec _âYûkúKê G_eò bûaùe ic^ßd
Keòaû Ke«ê ù~ 7 cò̂ òUùe Zû_cûZâû _âûd 1 0C aé¡ò _ûGö _ûAfUþ @MÜòKê Rkê[ôaû @aiÚûùe eL«ê
Gaõ ̂ òe«e Nû<òaû ijòZ Zû_^ Rûeò eL«êö _ûAfUþ gòLû RkûA eL«êö @û ê̂cû^òK ̀ äûiþ _G<
_ûAaû _ûAñ _âZò 5 0C aýa]û^ùe cû_^ ̀ kû`f ̂ ò@«êö ùZkKê 5 0C @«eûk ijòZ [Šû ùjaûKê
\ò@«ê Gaõ ̀ äûiþ _G< _ûAaû _~ðý« Zû_cûZâûùe _âùZýK 1 0C aé¡ò ijòZ cû_^ ̀ kû̀ k ̂ ò@«êö
`äûiþ ùjaû _ùe, Zû_cûZâûKê _âûd 5 0C @]ôK aé¡ò KeòaûKê \ò@«ê Gaõ Mec Keòaû a¦ Ke«êö

ò̂e«e @«eûk ijòZ ùZkKê [Šû ùjaûKê \ò@«ê Gaõ _âZò 1 0C Zû_cûZâû jâûi ijòZ cû_^ ̀ kû̀ k
ò̂@«ê ù~_~ðý« ùKøYiò ̀ äûiþ ̂ jêGö ̀ äûiþ ùjC[ôaû iað̂ òcÜ Zû_cûZâû ùZfe ̀ äûiþ _G< \òGö

_eúlY - 8
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iûeYú : 01 (@û^êcû^òK ̀ äûi _G< _ûAñ _~ðýùalY)

_~ðýùalY iõLýû Zû_cûZâû aé¡ò (50 Zû_ aé¡ò) c«aý

iûeYú 01 : ù_^þÄò cûùUð^u `äûiþ _G< C_KeY
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iûeYú : 02 ( ä̀ûi _G< ̂ ò‰ðd)

 iõLýû
_~ðýùalY

Zû_cûZâû (1 0C)
aé¡ò \ßûeû c«aý

 iõLýû
_~ðýùalY

Zû_cûZâû (1 0C)
aé¡ò \ßûeû c«aý

^òÃhð :
\ò@û~ûA[ôaû ùZfe ä̀ûiþ aò¦ê ùjCQò ________0C = _______ 0Fö \ò@û~ûA[ôaû ùZfe @MÜò
aò¦ê ùjCQò ________0C = _______ 0Fö
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_eúlYe gúhðK : ùeWCWþ bòiùKûcòUe aýajûe Keò GK fêaâòùKUòõ ùZfe ‘N^Zß’ ̂ ò‰ðdö

@ûagýKúd C_KeY : ùeWCWþ bòiþùKûcòUe, Zû_cû_ú, Á_IßûPþ

@ûagýKúd eûiûd^òK _\û[ð : fêaâòùKUòõ ùZf

aòùgähY : bòùÄûiòUò ùjCQò GK Zek _\û[ðe MêY ~ûjû \ßûeû Gjû Gjûe _âaûjKê _âZòùeû]
Kùeö ùZYê Gjû Zek _\û[ðe @ûbý«eúY _âZòùeû]e GK cû_ Gaõ Gjûe ̂ ò‰ðd iû]ûeYZü
fêaâòùKUòõ ùZf ùlZâùe Keû~ûGö Gjû ù~ùKøYiò fêaâòùKUòõ ùZfe iaêVûeê MêeêZß_ì‰ð MêY,
KûeY Gjû cêLý KûeK ~ûjû GK fêaâòùKUòõe Kû~ðýlc MêYMêWÿòKê ^ò‰ðd Kùeö

ù~ùKøYiò Zû_cûZâûùe ùZfe _ec iû¦âZû GK ùK÷gòK ^kú cû¤cùe ùZfe _âaûj jûe
cû_ò ^ò‰ðd Keû~ûGö iû]ûeYZü cû^K _eòiÚòZòùe GK cû^K _eòcûYe ùK÷gòK cû¤cùe
GK ^òŸòðÁ _eòcûYe ùZf ^òR IR^ Zùk _âaûjòZ ùjaû _ûAñ fûMê[ôaû icd cû_ò ^ò‰ðd
Keû~ûGö ùZfe iû¦âZû cû_ _ûAñ aýajéZ C_KeYKê bòùÄûcòUe Kêjû~ûGö ùeWCWþ
bòùÄûcòUe iû]ûeYZü @^êbìZògúk GKKùe ^êùjñ aeõ @bòmZûcìkK GKKùe fêaâòùKUòõ
ùZfe iû¦âZû cû_ _ûAñ aýajéZ jêGö

iìZâ @^êiûùe, ùeWCWþ bòiùKûcòUe \ßûeû Zek _\û[ðe iµì‰ð Gaõ MZòR iû¦âZû ^ò‰ðd
Keû~ûA_ûeòaö

iµì‰ð N^Zß  =

MZòK iû¦âZû (V) =

ùKCñVûùe,

V = ùi<òùÁûKèùe ùZfe MZòR iû¦âZûö

T =  ùK÷gòKû cû¤cùe _âaûjòZ ùZfe GK ^òŸòðÁ _eòcûY _ûAñ ùiùKŠùe _âaûj icd

P = ùZfe N^Zß

α Gaõ β ùjCQò ~ª iÚòeö

_eúlY - 9

 (αt -      )ρ
β

t

= αt -
β

t

 Absolute Viscosity

ρ
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PòZâ 01 : ùeWCWþ bòiùKûcòUeö
_âKâòdû :
ùZf K_ùe ùZf ù^aû _ìaðeê ^ò½òZ Ke«ê ù~ ùZf K_Uò i`û Gaõ gêLôfû @Qò Gaõ ùZf
_âaûj _ûAñ ùK÷gòK^kúùe ùKøYiò aû]û ^ûjóö ùK÷gòK^kú (Capillary) a¦ Ke«ê Gaõ K_UòKê
Ée iìPK _~ðý« ùZf ^cê^ûùe _ìeY Ke«êö Mec RýûùKUþ _ûYòùe _ì‰ð ùjûA[ûG, ~ûjûKê
ùZfe Zû_cûZâûKê aòbò̂ Ü cìfý _~ðý« aé¡ò Keòaû _ûAñ Mec Keû~ûA_ûeòa ù~CñVûùe cû_
KeòaûKê ùjaö ùZf ùKûVeú cû¤cùe _âaûjòZ ùjaû icdùe _â[c cû_ Ke«ê Gaõ Zùk
eLû~ûA[ôaû cû_K ùKûjfeûiþ ä̀ûÄùe VòKþ 50 còfò ùZf iõMâj ùjaû icdKê ùiùKŠùe
ùeKWð Ke«êö ùK÷gòK^kú a¦ Ke«ê, icû^ ùZf \ßûeû ùZf K_Kê ùfbfòõ PòjÜ _~ðý«

cìfýMêWÿòKê ùi<òùÁûKè dê̂ òUùe MY^û Keû~ûGö

α

0.00260

0.00247

β

0.00260

0.00247

50 còfò _ûAñ _âaûj icd ùiùKŠùe

34-100
100 eê @]ôK

α Gaõ β e cìfý Zùk \ò@û~ûAQò :
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_~ðýùalY
iõLýû

_âûe¸òK
Zû_cûZâû

(0C)

@«òc
Zû_cûZâû

(0C)

c¤c
Zû_cûZâû

(0C)
icd

(ùiùKŠ)
α e
cìfý

β e
cìfý

MZòR N^Zß
(ùi<òùÁûKþ)

1

2

3

4

5

iûeYú :

Mâû`þ : Zû_cûZâû a^ûc KûAù^cûUòKþ N^Zß Mâû`þ _äUþ Ke«ê ö

C_iõjûe :

Zû_cûZâû a^ûc MZòR iû¦âZûe GK Mâû`þ _äU Keò _âû¯ ^òcÜ g± ùiäû_òõ aKâ _âcûY Kùe ù~
C_ùeûqMêWÿòK _eÆe ijòZ aò_eúZ bûaùe RWÿòZ @[ûðZþ Zû_cûZâû aé¡ò ijòZ, N^Zß jâûi _ûG Gaõ
aò_eúZ bûaùe ù~ûMûY ùjûA[ôaû ùZfe iû¦âZû ...... ùeWCWþ ùiùKŠ ùaûfò RYû_ùWÿö

_ê^übe Ke«ê, Mec Keò ùZfe Zû_cûZâû _âûd 10-15 0C (10 0C eê Kcþ ^êùjñ) aé¡ò
Ke«ê Gaõ cû_K ùKûjfeûiþ `äûÄùe VòKþ 50 còfò ùZf iõMâj ùjaû _ùe ùiùKŠùe
Zû_cûZâû Gaõ @^êeì_ icd ùeKWð Ke«êö _û*Uò bò^Ü Zû_cûZâûùe cû_ _ê^eûaé©ò Ke«êö
aòbò^Ü Zû_cûZâûùe ùZfe MZòMZ N^Zß MY^û Ke«ê Gaõ Zû_cûZâû Gaõ ùZfe MZòMZ
N^Zß c¤ùe GK Mâû`þ _äUþ Ke«êö ùiùKŠùe ùeWCWþ N^Zß bûaùe jûeûjûeò cìfý eòù_ûUð
Ke«êö
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_eúlYe gúhðK : @ûÆòeò^þ (GùiUòf iûfòiòfòKþ GiòWþ)e _âÉêZòö

@ûagýKúd C_KeY : K^òKûfþ ä̀ûÄ, aòKe (100 còfò), aêP^eþ `ù^fþ

@ûagýKúd eûiûd^òK _\û[ð : iûfòiòfòKþ GiòWþ, GùiUòKþ G^jûAWâûAWþ,

aòùgähY : iûfòiòfòKþ GiòWþ GùiUòùfi^þ Keòaû ijòZ GùiUòfþ iûfòiòfòKþ GiòWþ Kò´û @ûÆòZò̂ þ
_âÉêZ jêGö GùiUòùfi^þ GùiUòKþ G^jûAWâûAWþ ijòZ gúNâ jêG Gaõ KòQò MûXÿ M§Kûcä
(Con. H

2
SO

4
) e C_iÚòZòùe Gjû GK _âùeûPK eìù_ Kû~ðý Kùeö

_eúlY - 10

_âKâòdû :
5 Mâûc iûfòiòfòKþ GiòWþ Gaõ 7 còkò GiòUòKþ G^jûAWâûAWþKê 100 còkò K^òKûfþ ä̀ûÄùe
^ò@«êö Gjûe 2-3 aê¦û MûXÿ M§Kûcä (Con. H

2
SO

4
) _KûAaû ùjC, GjûKê bûfbûaùe

cògâY Ke«ê Gaõ _ùe ä̀ûÄKê GK Rk _ûZâùe Mec Ke«ê, Zû_cûZâû 60-70 0C c¤ùe
eLô 20 cò^òUþ _~ðý«ö cògâYKê GK [Šû _ûZâùe @^aeZ Nê^^ð Keò [Šû Ke«ê, Gjûùe
_âûd 20 còfò @Zò [Šû Rk ù~ûW«ê ~ûjû @Zòeòq GùiUòKþ G^jûAWâûAWþ Kê aòNUY KeòaûKê
iûjû~ý Keòaö K^òKûfþ `äûÄùe [ôaû \âaýKê 250 còfò aòKeùe 50 Mâûc ae` MêŠ eLô
Nê^^ð Ke«ê ù~_eòKò, ùi[ôùeö ~\ò ùi[ôùe ]kû _\û[ð ù\Lû~òa ̂ ûjó ùZùa ̀ äûÄe bòZeò
ÉeKê Mäûiþ eWþ Kò´û ùÁ^ùfiþ iÖòfþ ÆûPêfû ijòZ NhðY Ke«êö aêP^eþ `ù^fþ cû¤cùe
`òfÖe Ke«ê I `òfÖe KûMRe ù`ûfØ c¤ùe Pû_ò ùgûhY Keò gêÃ Ke«êö ^òMðZ GùiUòfþ
iûfòiòfòKþ GiòWþKê GùiUòKþ GiòWþ Gaõ _ûYòe icû^ bûMe cògâYeê _ê^ü crystallize (\û^û\ûe
eì_) Ke«êö

^òÃhð :
C_ôû\^ = 5 Mâûc      Mk^iÚû^ =136-137 0C

GùiUòfþ GiòUòKþ @cæ Mec Keòaû icdùe aòNUòZ ùjûA~ûG Gaõ Gjû iõ_ì‰ð bûùa ÆÁ Mf^ûu eùL^ûjóö



df



_eúlûMûe aýajûe K_ò

_eúlûMûe _~ðýùalY _êÉK

eiûd^ aòmû^ aòbûM
aúe iêùe¦â iûG ùUùKÜûùfûRò aògßaò\ýûkd, aêfðû

i´f_êe, IWÿògû - 768018
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_eúlYe flý : \ò@û~ûA[ôaû _û^ò[ô ùKùZ ùiûWòdc Kûùaûðù^Uþ @ûC ùiûWòdc jûAùMâûKèûAWþ
@ùQ aûjûe Kecûö

\eKûeú Rò^òh  : aêýùeUþ, _òù_Uþ (Rk ^kòKû), ùKû^òKûfþ ä̀ûÄ, ae` RûMû

\eKûeú eûiûd^òK Rò^òh: jûAùWâûùKäûeòK @cä (HCI), cò[ûAfþ @ùe¬, ù`ù^ûf`[ûfò^þ

iò¡û« :  lûe @ûC Kûùaûðù^Uþ cògû _û ò̂ùK cû^K @cæ iûùw UûAùUâUþ Kùf, \êA bûM[ô _âgc^úKeY
(Nuetralisation) ùjiòö

(1) _ùjfû _\ùl_þùe, NaOH _ìeû _âgc^úKeY (Nuetralisation) ùjiò @ûC Na
2
CO

3
 ùe @]û

ùjiòö

(2) Zû_ùe, Na
2
CO

3
 ùR^þUûKò _ùjfû [e NaHCO

3
 ùjA[ôiò, _êeû _âic^úKeY ùjiòö

eûiûd^òK _âZòKâòdû  :

(i) NaOH + HCl   NaCl + H
2
O

Na
2
CO

3
 + HCl   NaCl + NaHCO

3

(ii) NaHCO
3
 + HCl   NaCl + H

2
O + CO

2

ùK«û Keþcû :

_ûG^þ ̂ kú[ô 10 cò.fò. _û^ò _òù_Uþ Keò ùKû^òKûf ̀ äûÄùe eLê^þö ̀ òù^ûf`[ûfò^þ \êA [ê_û @ûC
ae` RûMû^ê [Šû Keê^þö aêýùeUþ^ê HCI @cæ ùK aê¦û aê¦û _K ù~ùZùaf ZKþ ùMûfû_ú ew _êeû
fòbò^ûA~ûAùQ, aêýùeUe ùfLûùK ùfLö Zò^þ [e icû^ iõLýû aûjûeaû ZKþ UûAùUâUþ Keö
_ùjfû @ûC AZûe ùfLûe Z`ûZþ _û[ðKý ùKùZ (V

1
) aûjûe Keö Zû_ùe cò[ûAfþ Iùe¬ 2 [ê_û

cògö ù`eþ HCI @cæ  iûùw UûAùUâUþ Ke ù~ùZùaf ZK jk\ò@ûUû fûfû ^ûA ùjAùQö Zò^ò[e
icû^ iõLýû _ûAaûeþ ZKþ RûeòeLö _ùjfû @ûC A[e ùfLûe _û[ðKý aûjûe Ke V

2
ö

_eúlY - 1
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I.B.R. - _ùjfû aêýùeUþ _V^cìfý
F.B.R. - ùgh aêýùeUþ _V^cìfý

_~ðýùalY
iõLýû

_û^ò
^cê^ûe
@ûdZ^
(cò.fò.)

_ùjfû
aêýùeUþ

_V^cìfý
I.B.R. (a)

ùghþ
aêýùeUþ

_V^cìfý
F.B.R. (1st)

(b)

ùghþ
aêýùeUþ

_V^cìfý
F.B.R. (2nd)

(c)

(b-a) V
1

(c-a) V
2

1

2

3

4

MYûùfLû :
aêýùeUþ _V^ (còfò) _û[ðKý (còfòùe) c«aý

_ûLû_ûLô

iõMZ

MY^û / jòiûa :

NaOH + ½ Na
2
CO

3
 = V

1
  (còfò) HCI ùabûeþ Keû~ûAùQ... (1)

NaOH + Na
2
CO

3
 = V

2
  (còfò) HCI ùabûeþ Keû~ûAùQ... (2)

icúKeY (1) eê icúKeY (2) ùK aòù~ûMþ Keþùf

½Na
2
CO

3
 = V

2
 -V

1
 (còfò) HCI ùabûeþ Keû~ûAùQ

Na
2
CO

3
=2(V

2
-V

1
 ) (còfò) HCI ùabûeþ Keû~ûAùQ

NaOH  Kê _âgc^ Keþaû fûMò \eKûeþ @cäe @ûdZ^þ =  V
2
-2(V

2
-V

1
 ) còfò

Na
2
CO

3
 e _eòcûY :

@ûùc RûYê ù~,

1000 còfò 1N HCl = 53 Mâûc Na
2
CO

3

1 còfòe 1N HCl = 53/1000 Mâûc Na
2
CO

3

1 còfò e (A)N/10 HCL =   Na
2
CO

3
 Mâûc, ù~^ (A) N/10 ùjCùQ HCL e cû^K \ûc

2(V
2
-V

1
 )  còfò e  “A” N/10 HCI =                             Mâûc  Na

2
CO

3
= X Mâûc Na

2
CO

3

ù~ûMûA \ò@û~ûA[ôaû _û^ò ^cê^ûùe 10 còfòùe X Mâûc Na
2
CO

3
 @ùQö

Zûùjùf 1000 còfò ù~ûMûA \ò@û~ûA[ôaû _û^ò ^cê^ûùe 100 X Mâûc /fòUe Na
2
CO

3
 @ùQö

53AX2(V
2
-V

1
)

10000
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NaOH e _eòcûY :

@ûùc RûYê ù~,

1000 còfò 1N HCl = 40 Mâûc NaOH

1 còfòe 1N HCl = 40/1000 Mâûc NaOH

1 còfò e (A)N/10 HCL =                   NaOH

{ V
2
-2 (V

2 
- V

1
 )}  còfò e  “A” N/10 HCI =                                   Mâûc  NaOH= Y Mâûc NaOH

ù~ûMûA \ò@û~ûA[ôaû _û^ò ^cê^ûùe 10 còfòùe X Mâûc NaOH Y Mâûc @ùQö

Zûùjùf ù~ûMûA \ò@û~ûA[ôaû _û^ò ^cê^û 1000 còfòùe 100 Y Mâûc /fòUe NaOH @ùQö

ùghK[û: \ò@û~ûA[ôaûe _û^ò[ô 100 X Mâûc/fòUe ùiûWòdc Kûùaûðù^U (Na
2
CO

3
) @ûC 100 Y

Mâûc/fòUe ùiûWòdc jûAùWâûKèûAWþ (NaOH) @ùQö

40A X {V
2
-2 (V

2
-V

1
)

1000

40A

10 x 1000
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_eúlY - 2
_eúlYe flý
_û^òùe ùKùZ lûe @ùQ EDTA ù\AKeò aûjûe Kecûö

\eKûeú Rò^òh : aêýùeUþ, Rk^kú (_òù_Uþ), ùKû^òKûfþ `äûÄ, cû_fû `äûÄ, ]êAaûeþ ùaûZf

\eKûeú eûiûd^òK Rò^òh:
(i) cû^K WòùiûWòdc EDTA \âaY
(ii) GeòIùKâûc Kkû-T iìPK (EBT) [ ùiûWòdc -1 (1- jûAùWâûKèò - 2 ^û_[ûAf @ûùRû) -6-
^ûAùUâû -2- ̂ û_[[f-4- ifù`ûù^Uþ (II)]

(iii) a`e \âaY (NH
4
Cl + NH

4
OH)

iò¡û« / aòùgähY : iûaê^þùe ù`Y ùK Kcþ KeþaûeþUûùK _û^òe lûeòdZû Kêjû~ûGiòö _û^ò[ô
Ca2+, Mg2+, AI3+, Fe3+ @ûC Mn2+ [ôùf lûeòdZû aXÿò[ôiòö ù~ùZùaùf lûe _û^ò iûùw iûaê^þ
(IfòK @cæ, _ûcòUòKþ @cæ Kò ùÁeòKþ @cæ ùfùL ùagú `ýûUò @cæe ùiûWòdcþ Kò ù_ûUûiòdcþ fêY)
_âZòKâòdû ùjiò, ùiùZùaùk ù`Y ^ûAñ aûjûùe @ûC _û^ò iûùw ^ûA cògê[ôaûe ]kû @aùgh
a^ûiò, ùjZòeþ K_Wÿû bfbûùa i`û ^ûAñ ùjA_ûeiòö AUû lûe _û^ò[ô [ôaû Ca2+/Mg2+ _âZòKâòdû
fûMò ùjA[ôiò (Ca/Mg - IfòK, Ca/Mg - _ûcòUòKþ @ûC Ca/Mg - ùÁeòKþ ùjiò)ö

lûeòdZûe _âKûe :
(K) @iÚûdú lûeòdZû : AUû Kýûfiòdcþ, cûùMÜiòdc @ûC aûKò bûeú ]ûZêe aûAKûùaûðù^Uþ @ûC
fêjûe Kûùaûðù^U [ôùf ùjA[ôiòö _û^òùK `êUûùf aûAKûùaûðù^U @\âaYúd Kûùaûðù^Uþ Kò
jûAùWâûKèûAWþ ùjA~ûGiò @ûC Zùf aiò~ûGiòö _û^òùK Qû^òKeò ZûùK aûjûe Keû~ûA _ûeþiòö

(L) iÚûdú lûeúdZû : _û^ò[ô Kýûfiòdcþ, cûùMÜiòdc, fêjû @ûC aûKò bûeú ]ûZêe cògò~ûA[ôaû
ùKäûeûAWþ Gaõ ifþù`Uþe [ôùf ùjiòö iÚûdú lûeúdZû fûMò \ûdú faYMêWÿûK ùjCùQ CaCl

2
,

MgCl
2
, CaSO

4 
cò.Mâû. SO

4
, FeSO

4
, Al

2
(SO

4
)

3
 AZýû\òö _û^òe lûeòdZûùK CaSO

3
e icû^ _eòcûY

bûùa _âKûg Keû~ûGiò, CaSO
3 
ùK cû^K bûùa aûQþaûeþ KûeY AZûe @ûYaòK IR^ (Molecular

mass) 100 @ûG ù~^þUû Kò jòiûa fûMò iêaò]û ùjiò, CaSO
3 
iaêVûeê ùagò @\âaYúd @ûG ù~ þ̂UûKò

_û^òùK i`û Kfûùaùf aûjûe Keû~ûA_ûeþaûö

lûeòdZûe GKK  :
(i) _âZò còfòd^ @õg (PPM) :  AUûùK _âZò còfòd^ (106) @õg _û^òùe [ôaû Kýûfiòdc
Kûùaûðù^Ueþ IR^ jòiûùa @]û bûM bûùa aýûLýû Keû~ûAùQ, @[ðûZþ 106 @õg _û^òùe 1 PPM =

CaCO
3
 icû^ lûeòdZû MêùU bûMö
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(ii) _âZò còfòMâûc c (cò.Mâû/L) :  AUûùK MêùU fòUe _û^òùe [ôaû còfòMâûc Kýûfiòdc Kûùaûðù^Ue
iõLýû bûùa _eòbûhòZ Keû~ûGiòö
AUû cù^ eLþaûeþ CPòZþ ù~ _ûG^þ fûMò 1 cò.Mâû/L = 1 PPM

^úZò : EDTA e WûAùiûWòdc fêY, ù~ùZùaùk lûeúd _ûG^þ iûùw cògòMùf AUû _âZòKâòdû Keþiò
@ûC lûeúd bûùa (PH 8-10) iaê lûeúd MêY iéÁòKûeú ~êq PûRðKê MâjY Kùeö @Zý]ôK GeòIùKâûce
Kkû - T (EBT), _âZòKâòdû \ßûeû \âaYùK IßûA þ̂ fûfeê Êz ̂ úfò@û ewþ ùjA[ôiòö ù~^þUû UûùUâi^e
ùghþ aò¦ê @ûGö

eûiûd^òK _âZòKâòdû  :

ùK«û Keþcû  :
(1) iµì‰ð lûeòdZûe ^ò‰ðd :
100  còfò ùKû^òKûfþ `äûÄ [ô 20 còfò lûeòd _ûG^þ ^cê^û Xÿk^fúùe ò̂@ö 2 còfò a`e \âaY
@ûC 2-3 aê¦û GeòùKâûcþ Kkû - T iìPK bûùa cògû@ö Zû’_ùe aêýùeUþùe [ôaû M/100 EDTA \âaY
iûùw ùKû^òKûfþ ä̀ûÄe \âaYùK UûAùUâUþ Ke, ù~ùZùafþ ZKþ ùghþ aò¦êùe ew IßûA^þ fûfeê
^úkò@û ewùe ^ûA a\þfò, A cû^K eê ic^ßòZ _ûV _ûAaûeþ ZKþ UûAùUâUþ cìfýùK ¤û^ \ò@ö
@ûdZ^ V

2
ml ùjaûùK \ò@ö

(ii)

Ca2+ - Ind Complex
Mg2+- Ind Complex
           Unstable

(wine red)

 
+ Na

2
H

2
+Y  

Ca - EDTA Complex
Mg+-EDTA Complex
           (Stable )

 
+H Ind2-+ H+

Ca2+ - Ind Complex
Mg2+- Ind Complex
           Unstable

(wine red)

 
+HInd2-Ca2+

Mg2+
 

 + H+(ii)

   (i) H
3
+ (Ind)           H

2
(Ind)-          HInd2-            Ind3-

   Wine red  Blue Yellow Orange
  (pH<7) (pH 7-11) (pH>11)

 -H+ -H+  -H+

IßûA^þ fûf ^úk jk\ò@û

(Rk ^cê^û) (^úk)

@iÚûA  (IßûA^þ fûf)      iÚûA
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MYûùfLû 1 :

(ii) @iÚûdú @ûC iÚûdú lûeòdZû ̂ ò‰ðd : MêùU aWÿ aòKeþ ùe 250 còfò lûeúd _û^ò ̂ cê^û ̂ ò@ @ûC

_âûd 1 N<û ZKþ ]úùe `êUû@ (ù~ùZùaf ZKþ iaê aûAKûùaûðù^Uþ @\âaYúd CaCO
3
+Mg(OH)

2

ùe ̂ ûA ùjAùQ)ö [Šû Ke @ûC 250 còfò cû_K ̀ äûÄùe QûYò \ò@ @ûC @ûdZ^ùK PòjÜ ZKþ ̂ ò@ö

A \âaYe 40 còfò ^ò@ @ûC @ûMe ùfùL icû^ bûùa @ûMþùK aXÿö ùabûeþ ùjA[ôaû  EDTA e

@ûdZ^ _û^ò ^cê^ûùe iÚûdú lûeòdZû iûùw icû^ö @ûdZ^ V
3
 còfò ùjaûö

_ì‰ð lûeòdZûeê iÚûdú lûeòdZûùK aòùdûM Keò @iÚûdú lûeòdZû aûjûe Keû~ûGiòö

MYûùfLû 2 :

_~ðýùalY
iõLýû

\ò@û ùjA[ôaû _û^ò
^cê^ûe _eòcûY

(còfò)

aêýùeUþ _V^ (còfò)
Z`ûZþ

(còfòùe)_ùjfû aêýùeUþ
_V^cìfý (IBR)

c«aýùgh aêýùeUþ
_V^cìfý (FBR)

01

02

03

04

_ûLû_ûLô

iõMZ

_~ðýùalY
iõLýû

\ò@û ùjA[ôaû bò̂ Ü
^cê̂ û _eòcûY (còfò)

aêýùeUþ _V^ (còfò)
Z`ûZþ

(còfòùe)_ùjfû aêýùeUþ
_V^cìfý (IBR)

c«aýùghþ aêýùeUþ
_V^cìfý (FBR)

01

02

03

04

_ûLû_ûLô

iõMZ
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MY^û / jòiûa :

ùcûU lûeòdZû :
1000 còfò 1M EDTA = 100 Mâûc CaCO

3

1 còfòe 1M EDTA = 100 còMâû CaCO
3

1 còfò e “a” M/100 EDTA = “a”   còMâû CaCO
3

V
2 
ml “a” M/100 EDTA = “a”  V

2
 còMâû  CaCO

3 
 = CaCO

3 
 e “A”  còMâû

Gùa 40 còfò Rk ^cê^ûùe  =  “A” còMâû  CaCO
3 
 @ùQö

1000 còfò Kò 1 fòUe _û^ò ^cê^ûùe =           X1000 =25 A còMâû / fòUe 25 “A” _ò_òGcþ
ùcûU lûeòdZû ~ûjûKò CaCO

3
 e ic lúeúdZû jòiûùa ejòùQö

iÚûdú lûeòdZû  :

A

40

1 còfò e “a” M/100 EDTA = “a”   còMâû CaCO
3

V
3 
ml “a” M/100 EDTA = “a”  V

3
 còMâû  CaCO

3 
 = CaCO

3 
 e “B”  còMâû

Gùa 40 còfò ềUû _û^ò ^cê^ûùe  =  “B” còMâû  CaCO
3

1000 còfò Kò´û 1 fòUe ềUû _û^ò ^cê^ûùe =           X1000 =25 B còMâû / fòUe

 = 25 “B” _ò_òGcþ lûeòdZû ù~^þZû Kò CaCO
3
 e icû^þ lúeúdZû jòiûùa ejòùQö

ùZYê @iÚûdú lûeòdZû (25A-25B) _ò_òGcþ iûùw icû^ ù~^þUû Kò CaCO
3 
e cû^K lûeúdZû jòiûùa

ejòùQö

ùghK[û :  \ò@û ùjûA[ôaû _û^ò ^cê^ûùe ùcûU lûeòdZû 25A ppm, iÚûdú lûeòdZû 25B ppm @ûC
(25A-25B) ppm @iÚûdú lûeòdZû ejòùQ ù~^þUûùK CaCO

3 
e icû^þ lûeúdZû jòiûùa ejòùQö

B

40
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_eúlYe flý : @KèûfòKþ GiòWþ (Acid) ùabûeþ Keò ù_ûUûiòdcþ _cðûwûù^Uþ (KMnO
4
) e

cû^cúKeY (Standardisation) Keû~òaûö

\eKûeú Rò^òh  :  aêýùeUþ, _òù_Uþ, ùKû^òKûfþ ä̀ûÄ

\eKûeú eûiûd ò̂K _\û[ð : KMnO
4
 \âaY, @KèûfòKþ GiòWþ (N/10), \âaúbìZ M§Kûcä (DilH

2
SO

4
)

iò¡û« : ù_ûUûiòdcþ _ecûwûù^Uþ MêùU \ßòZúdK \âaY (secondary solution) @ûG KûGñKeò
A[ôùe cûwû^òRþ WûA@KèûAWþ e @gê¡Zû [ôiò, ù~«û ù_ûUûiòdcþ _ecûwûù^Uþ ùK bûwòù\iòö
~ûjûefûMò ù_ûUûiòdcþ _ecûwûù^Uþe cû^KlcZû (strength)e gqò ùagò icd Kò Kûk
fûMò iÚòe ^ûAñ eùjö ùZYê, _ecûwûù^Uþ \âaYe gqò AZûe ùabûeþ @ûMþeê ^ò‰ðd Keû~ûGö
ù_ûUûiòdcþ _ecûwûù^Uþ @cæúd cû¤cùe MêùU gqògûkú RûeK (oxidising agent) bûùa
Kûcþ Keiò, ùi[ôeþ fûMò AZûùK if ềýeòKþ GiòWþ C_iÚòZò[ô 60 - 700C ùe cû^K @KèûfòKþ
GiòWþ aûMòeþ MêùU aòRûeK (reducing agent) aòeê¡ùe UûAùUâUþ Keû~ûA_ûeþaûö UûAùUâi^þ
@ûMeê gqògûkú C-C ijbûRK a§^ùK bûwþaûeþ fûMò @KèûfòKþ GiòWþùK Mec Keû~ûGiòö
_âZòKâòdû icdùe MnO4- ùK Mn2+ ùK aòRûeòZ ùjûA[ôiò @ûC @KèûùfUþ @ûd^MêWÿòK CO

2
 ùK

RûeòZ ùjiòö A UûAùUâi^þ[ô, ù_ûUûiòdcþ _ecûwûù^Uþ MêùU Êdõ-iìPK (self-indicator)
bûùa Kûcþ Keþiò KûeY AZûe @KèòùWi^þ cìfý a\þfûaûeþ iùw ewþ ùK aò a\þfûaûeþ
lcZû @ùQ (Mn+7) ùMûfû_ú ewe @ûC Mn2+ _û^ò cû¤cùe ewjú^)ö UûAùUâi^þ icd[ô
ù_ûUûiòdcþ _ecûwûù^Uþ, @KèûfòKþ GiòWþ \ßûeû aòRûeòZ ùjA ewjú^ cûwû^ûiþ @ûd^[ô
a\fþiò @ûC ù~ùZùaùf _êeû aòRûeK ùabûeþ ùjiò ùiùZùaùf KMnO

4
 e MêùU @Zòeòq

aê¦û \âaYùK ùMûfû_ú ewùe a\þfûA ù\iò, ù~^þUû UûAùUâi^e ùgh aò¦ê @ûGö

_eúlY - 3

[MnO
4

-+8H+ + 5e        Mn2+ + 4 H
2
 O] × 2

[C
2
O

4
2-        2CO

2
 + 2e] x 5

2 MnO
4

-+ 5 C
2
O

4
2- +16 H+          2 Mn2+ +8 H

2
O + 10 CO

2

 

 

 

ùK«û Keþcû :
250 còfò ùKû^òKûfþ `äûÄ[ô 10 còfò N/10 @KèûfòKþ GiòWþ _òù_Uþ Keö @]û ùUÁUêýaþ \âaúbìZ
if`êýeòKþ GiòWþ ~êWÿ @ûC 50-600 ùifiòdiþ ZKþ Mec Keö Zû_ùe, \âaYùK iÚûdú jûfêKû
ùMûfû_ú ew _ûAaûeþ ZKþ  KMnO

4 
\âaY iûùw UûAùUâUþ Keö icû^ iõLýû _ûGaûeþ ZKþ UûAùUâi^þ

aûeþ aûeþ Keö

MnO
4 
eûiûd^òK _âZòKâòdû :
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_eòKk^ :

@ûùc Rû^êQê ù~, S
1
V

1
 = S

2
V

2

ù~^þ̂ , @KèûfòKþ GiòWþ (N/10) e cû^KlcZû gqò

V
1
 = @KèûfòKþ @cäe, _eòcûY (10 còfò)

S
2
 = KMnO

4
 e cû^KlcZû gqò

V
2
 = KMnO

4
 e _eòcûY Lyð ùjAùQ

ùghK[û : \ò@û~ûA[ôaû ù_ûUûiòdcþ _ecûwûù^Ue cû^KlcZû gqò .............N aûjûeòfûö

_~ðýùalY
iõLýû

N/10 @KèûfòKþ
@cäe @ûdZ^

aêýùeUþ _V^ (còfò)
Z`ûZþ

(còfòùe)_ùjfû aêýùeUþ
_V^cìfý (IBR)

c«aýùgh aêýùeUþ
_V^cìfý (FBR)

01

02

03

04

_ûLû_ûLô

iõMZ

MYûùfLû :

S
2 
=

S
1
xV

1

V
2
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_eúlYe flý  : cû^KòKéZ ù_ûUûiòdcþ _ecûwûù^Uþ ùabûeþ Keò ùcûje fêY[ô ù`eiþ
@ûd^þ (ùføj) [FeSO

4
 (NH

4
)

2
 SO

4
.6H

2
O]) ùKùZ @ùQ aûjûe Keû~òaûö

\eKûeú Rò̂ òh :  aêýùeUþ, Rk^kú, ùKû^òKûfþ ̀ äûÄ, aòKe, cû_K iòfòŠe, ù]ûAaû ùaûZf,
ùUÁUêýaþö

\eKûeú eûiûd^òK Rò^òh : (i) ùcûjee fêY \âaY, (ii) KMnO
4
 \âaY, (iii) \âaúbìZ H

2
SO

4

iò¡û« : ùcûjee fêY \âaYùe [ôaû ù`eiþ @ûd^e _eòcûY @cæúd cû¤cùe ù_ûUûiòdcþ
_ecûwûù^Uþ \âaY aòeê¡ùe UûAùUâUòõ \ßûeû aûjûe Keû~ûGiòö A^, ù_ûUûiòdcþ
_ecûwûù^Uþ MêùU Êdõ-iìPK bûùa Kûcþ Keþiòö iÚûdú jûfêKû ùMûfû_ú ew ù\LûMùf
ùgh aò¦ê aûjûe Keû~ûGiòö _âZòKâòdû icd[ô Fe2+ RûeòZ ùjAKeò Fe3+ ùK @ûC MnO

4
-

aòReòZ ùjAKeò Mn2+ ùK a\þfò ~ûGiòö

_eúlY - 4

ùK«û Keþcû :
\ò@û~ûA[ôaû ùcûje fêY \âaYe 10 còfò _òù_U Keò FêùU 250 còfò ùKû^òKûfþ `äûÄùe  eLö
@]û ùUÁUêýaþ \âaúbìZ if`êýeòKþ @cä cògû@ @ûC iÚûdú jûfêKû ùMûfû_ú ew _ûAaûeþ ZKþ KMnO

4

\âaY aòeê¡ùe UûAùUâUþ Keö icû^ iõLýû _ûAaûeþ ZKþ UûAùUâi^þ aûeþaûeþ Keö

eûiûd^òK _âZòKâòdû :

[MnO
4

-+8H+ + 5e        Mn2+ + 4 H
2
O]

[Fe2+         Fe3+ + e] x 5

2 MnO
4

-+ 5 Fe2+ +8 H+          2 Mn2+ + 5 Fe3+ + 4 H
2
O
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_~ðýùalY
iõLýû

\ò@û~ûA[ôaû
ùcûje fêY

\âaYe _eòcûY

aêýùeUþ _V^ (còfò)
Z`ûZþ

(còfòùe)_ùjfû aêýùeUþ
_V^cìfý (IBR)

c«aýùgh aêýùeUþ
_V^cìfý (FBR)

01

02

03

04

_ûLû_ûLô

iõMZ

MYûùfLû  :

MY^û / jòiûa :

ùcûjee fêY \âaY \ßûeû aýajéZ KMnO
4
 @ûdZ^ = V ml

1000 còfò 1 N KMnO
4
 = 55.84 Mâû.c Fe

1 còfò 1 = KMnO
4

   Fe e Mâû.c

        KMnO
4

e V ml =        Mâû.c Fe = “A” Mâû.c  Fe

ùZYê 10 còfò ùcûje fêY \âaYùe “A” Mâû.c Fe [ôiòö

1000 còfò ù~ûMûA \ò@û~ûA[ôaû ùcûje fêY \âaY[ô 100 A Mâû.c./fòUe Fe [ôiòö

ùghK[û: \ò@û~ûA[ôaû ùcûje \âaYùe ....... Mâû.c./fòUe Fe @ùQö

55.84
1000

x V x
55.84
1000

X
10

X
10



_âùdûMgûkû ̂ òùŸðgòKû / LABORATORY MANUAL

[  61  ]

ÁûPðþ +I
2
       ÁûPþð @ûùdûWûAWþ ù~øMòK (^úk ew)

_eúlYe flý : \ò@û~ûA[ôaû _û^ò ^cê^ûùe \âaòbìZ @cæRû^e _eòcûY ùKùZ @ùQ aûjûe
Keû~òaûö

\eKûeú Rò^òh :  aêýùeUþ, Á_e ùaûZf (500 còfò), cû_K iòfòŠe (250 còfò), ùUhþU
Uêýaþö

\eKûeú eûiûd^òK Rò^òh : (i) cûwû^iþ ifù`Uþ \âaY (48%), (ii) ûûfKûfûA^þ ù_ûUûiòdc
@ûùdûWûAWþþ \âaY, (iii) \âaúbìZ if`êýeòKþ GiòWþ, (iv) cû^K ùiûWòdcþ [ûùdûifù`Uþ \âaY
@ûC (v) i\ý _âÉêZ ÁûPþð \âaYö

iò¡û« : \âaúbìZ @cæRû^ ùjCùQ _û ò̂ MêYa©ûe MêùU MêeêZß_ì‰ð _eòcû_Kö AUû _û ò̂ùe [ôaû ùR÷÷a
_\û[ðe iµì‰ð RûeK fûMò \eKûe @cæRû^e _eòcûYö iû]ûeYZü ùKûVeò Zû_cûZâûùe _âZò fòUe
_û^òùe _âûd 8 còfò \âaúbìZ @cæRû^ [ôiòö \âaúbìZ @cäRû^e ̂ ò‰ðd C©¯ C_KeY fûMò Reêeú
ùjiò KûeY AUû C_KeYùK ld NUûA[ôiòö _û̂ òùe \âaúbìZ @cäRû̂  Ißòufeu _¡Zò \ßûeû aûjûe
Keû~ûGiòö _û^òùe \âaúbìZ @cæRû^ \ßûeû ù_ûUûiòdcþ @ûùdûWûAWþe KûeYþ _âKâòdû (oxidation

process) C_ùe @û]ûeòZþ @ûGö @ûùdûùWûùcUâòKþ _¡Zò (Ißòufe) A Z[ý C_þùe @û]ûeòZ ù~
lûeúd cû¤cùe, \âaúbìZ @cæRû^ Mn2+eê Mn+4 Kê RûeòZ Keþiò, ù~ þ̂Zû @cäúd cû¤cùe @ûùdûWûAWþ
ùK cêq @ûùdûWò̂ ùe RûeY Keþaûeþùe iûjû~ý Kùeö cêq ùjûA[ôaû @ûùdûWò̂ e _eòcûYùK cû^K
ùiûWòdcþ [ûùdûifù`Uþ \âaY aòeê¡ùe aòùgû]^ Keû~ûGiòö
ù~ùjZê _û ò̂ùe \âaúbìZ @cæRû^ @ûYaòK @aiÚûùe [ôiò ùi[ôefûMò AUû ù_ûUûiòdcþ @ûùdûWûAWþ
\âaY iûùw _âZòKâòdû KeòaûKê icû^ ̂ ûA jêG, ùZYê ù_ûUûiòdcþ @ûùdûWûAWþ (KI) @ûC @cæRû^
bòZþùe _âZòKâòdû @û̂ þaûeþ fûMò @cæRû̂  aûjK (ù~ þ̂Zû Kò cûwû̂ iþ jûAùWâûKèûAWþ) ùabûeþ Keû~ûGiòö

_eúlY - 5

2KOH + MnSO
4
        Mn(OH)

2
 + K

2
SO

4

2Mn(OH)
2
 + O

2
           2MnO(OH)

2

MnO(OH)
2
 + H

2
SO

4
        MnSO

4
 +2H

2
O+ [O]

2KI + H
2
SO

4
+ [O]         K

2
SO

4
 + H

2
O +1

2

2Na
2
S

2
O

3
+1

2
         2Nal + Na

2
S

4
O

6

(@cæRû^ aûjK)       (ùcøkòK cûwû^òKþ @KèûAWþ)

(_âZòKâòdûgúk @cæRû^)
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ùK«û Keþcû :

C_ùe _âûd 10 còfò LûfòiÚû^þ QûWò 250 còfò _û^ò ^cê^û a¦ ùaûZfùe ^ò@ö (ù~ùZ\ìe i¸a
_a^ iõÆgðùe @ûiòaûKê GWÿûAaû)ö Zêe« 5 còfò cûwû^iþ ifù`Uþ \âaY @ûC Zû’_ùe 5 còfò
lûeúd ù_ûUûiòdcþ @ûùdûWûAWþ \âaYùK _òù_U iûjû~ýùe cògû@, ~ZÜ ̂ ò@ ù~ \âaYUò _û^òe _éÂ
Zùk bf bûùa aòZeY ùjiòö (lûeúd \âaYùe KI ùiûWòdcþ @ûRûAWþ [ôiò, ù~^þUû C_iÚòZ [ôaû
ù~ùKøYiò RûeKe ~ZÜ ̂ òG, ù~^þUû ù_ûUûiòdcþ @ûùdûWûAWþ (KI) eê @ûùdûWò̂ þ cêq Keþaûeþ i¸ûa^û
[ôiò)ö Zû’_ùe cògâYe iVòKþZû iê̂ ò½òZ Keþaûeþ fûMò ùaûZfùK @ù^K [eþ Zfþ-C_eþ Keþaûeþ @ûC
MVòZ @aùl_YùK (precipitate) KòQò cò^òUþ fûMò iÚòe ùjaûùK \ò@û~ûGiòö Zû’_ùe 3 còfò \âaúbìZ
H

2
SO

4
e \âaYùK aê¦û aê¦û Keò cògû~ûGiò ù~ZþKòùaf ZKþ @aùl_Y \âaúbìZ ̂ ûA ùjA, AUû ]úùe

]úùe MêùU ÆÁ jk\ò@û ewe \âaY _â\û̂  Keþaûö @ûfcûeú bòZùe 5 cò̂ òUþ fûMò \âaYùK @§ûeþùe eLö
Zû’_ùe, 20 còfò \âaYùK _òù_U Ke @ûC aêýùeUþeê cû^K (standard) ùiûWòdcþ [ôIifù`Uþ
\âaY iùw AUûùK UûAùUâUþ Keö ù~ùZùaùf \âaYe ewþ ajêZþ jûfþKû jk\ò@û (^Wû aûMòeþ
ewþ) ùjA~òaû, ùiùZùaùf 1 còfò i\ý _âÉêZ ÁûPð iìPK cògû@ @ûC ^úk ew ^ûA \ògþaûeþ ZKþ
UûAùUâi^þ Rûeò eLö

_~ðýùalY
iõLýû

_û̂ ò ̂ cê̂ ûe
@ûdZ^ (còfò)

aêýùeUþ _V^ (còfò)
Z̀ ûZþ

(còfòùe)_ùjfû aêýùeUþ
_V^cìfý (IBR)

c«aýùgh aêýùeUþ
_V^cìfý (FBR)

01

02

03

04

_ûLû_ûLô

iõMZ

MYûùfLû :
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MY^û / jòiûa :

1000 còfò 1 N Na
2
S

2
O

3
 \âaY = 8 Mâûc @cæRû^

1 còfò 1 N Na
2
S

2
O

3
 \âaY = 8 cò.Mâûc @cæRû^

 V còfò “a N/10” Na
2
S

2
O

3
 \âaY =             @cæRû^e cò.Mâû.

20 còfò _û^òùe =          Mâû.c cò.Mâûc @cæRû^ [ôiòö

1000 còfò _û^òùe   cò.Mâûc/fòUe @cæRû^ [ôiò

= “A”  cò.Mâûc/fòUe @cæRû^

= @cæRû^e “A” ppm

ùghK[û : \ò@û~ûA[ôaû _û ò̂ ̂ cê̂ û[ô \âaúbìZ @cæRû^e _eòcûY....... ppm @ûGö

8aV
10

8YZ
10

X1000
20

8aV
10
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_eúlYe flý : \ò@û~ûA[ôaû aäòPòõ _ûCWeùe ùKùZ ùKäûeò̂  @ùQ aûjûe Keû~òaûö

\eKûeú Rò^òh : aêýùeUþ, Rk^kú, ùKû^òKûfeþ ä̀ûÄ, KûP _ûZâ, cû_ iòfòŠe, ù]ûAaû
ùaûZfö

\eKûeú eûiûd ò̂K Rò̂ òh : aäòPòõ _ûCWe \âaY KI(10%) \âaY, \âaúd (dilute) @ûùiUòKþ GiòWþ,
N /10 ùiûWòdcþ [ûIifù`Uþ \âaY, ÁûPð iìPKö

iò¡û« : aäòPòõ _ûCWe MêùU bf RúaûYê̂ ûgK ù~ þ̂Uû _û ò̂[ô cògò ùeûM iéÁòKûeú RúaûYêùK cûeþiòö
aäòPòõ _ûCWeþe RúaûYê̂ ûgK Kûcþ jûAù_ûùKäûeiþ @cä (HOCL) @ûC aûjûeê[ôaû _âZòKâòdûgúk (na-

scent) @cæRû^ ù~ûMêñ ùjA[ôiòö AUû MêùU gqògûkú RûeK (oxidizing agent) @ûC jûAùMâûùÄû_òKþ
(_eòùagþ[ô [ôaû @û\âðZû ùgûhY Keòaûeþ lcZû) _âKéZòe @ûGö
aäòPòõ _ûCWee MêYa©û A[ôùe [ôaû ùKäûeò̂ e _eòcûY C_þùe ̂ òbðe Keþiòö C_f² ùKäûeò̂ e
_âZògZùK _âZò gùj @õg aäòPòõ _ûCWeùe RûeY (@KèòùWi^) fûMò C_f² ùKäûeò̂ e _eòcûY bûùa
_eòbûhòZ Keû~ûA_ûeþiòö ùi[ôeþfûMò C_f² ùKäûeò̂ e _âZògZ ù~ùZ @]ôKû, aäòPòõ _ûCWee
MêYa©û ùiùZ bfö ~\òaò aäòPòõ _ûCWeþùe _âûd 56% ùKäûeò̂ þ [ôiò ùfKò̂ þ MêùU bf MêYa©û aäòPòõ
_ûCWeùe C_f² ùKäûeò̂ e cûZâ 35-38% [ôiòö KûeY eLû ùjûA[ôaû aäòPòõ _ûCWe ]úùe ]úùe
aòNU^ ùjiò @ûC Kýûfiòdc ùKäûeûAW @ûC Kýûfiòdc ùKäûùeUþùe a\þfò~ûGiòö ùi[ôeþfûMò icd
ieþaûeþ iûùw C_f² ùKäûeò̂ e _âZògZþ aò Kcò~ûGiòö

6 CaOCl
2
           5 CaCl

2
 + Ca(CIO

3
)

2

ò̂Zò :
_û ò̂ùe cêq ùjC[ôaû ùKäûeò̂ þ, KI ij _âZòKâòdû Keò @ûùdûWò̂ þ eì_ùe cêq ùjiòö A cêq ùjûA[ôaû
@ûùdûWò̂ þ ÁûPðKê iìPK bûùa ùabûe Keò ùiûWòdcþ [ûùdûifù`Ue MêùU cû^K (standard) \âaY
aòeê¡ùe UûAùUâUþ Keû~ûGiòö

_eúlY - 6

 

CaOCl
2
 + H

2
O            Ca (OH)

2
 + Cl

2

Cl
2
 +H

2
O          HCI + HOCI

CaOCl
2
+2KI+2CH

3
COOH        CaCl

2
 +2CH

3
COOK+H

2
O+1

2

1
2
+ Na

2
S

2
O

3
        2 Nal + Na

2
S

4
O

6

1
2
+ Starch             Starch Iodide complex (Blue colour)

 

 

 

 

 

eûiûd^òK _âZòKâòdû :
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ùK«û Keþcû :

250 còfò ùKû^òKûfþ `äûÄùe ù~ûMûA \ò@û~ûA[ôaû aäòPòõ _ûCWe \âaYe 10 còfò _òù_U Keö
15 còfò 10% KI \âaY @ûC 10 còfò \âaúd (diluted) @ûùiUòKþ Giò_þ \âaY cògû@ö ùKû^òKûfþ
`äûÄKê IßûPþ Mäûiþ ijòZ ùNûWÿûA \ò@«ê Gaõ @§ûeùe 5 cò^òUþ _ûAñ eL«êö 5 cò^òUþ _ùe cêq
@ûùdûWò^þ Kê ÁûŠûWð jûAù_û (hypo) \âaY ij UûAùUâUþ Ke ù~^þ[ôeþ fûMò jûfþKû jk\ò@û ew
@ûiþaûö 2 eê 3 aê¦û ÁûPð iìPK cògû@ @ûC ewjú^ \âaY ùjaûeþ ZKþ UûAùUâi^þ Ke, ~ûjû
ùjCùQ ùghþ aò¦êö UûAùUâUþ cìfýKê ¤û^ \ò@ö icû^þ cìfý _ûAaûeþ fûMò C_ùeûq _âKâòdûKê Zò^ò^
[e _ê^eûaé©ò Keö

MY^û / jòiûa :

aäòPòõ _ûCWe \âaYe iû¦âZû = 10 Mâûc / fòUe

UûAùUâUþ cìfý = X còfò

@ûùc Rû ò̂Qê ù~ :

1000 còfò 1 N Na
2
S

2
O

3
  = 35.5 Mâûc ùKäûeò^þ

1 còfò 1 N Na
2
S

2
O

3
 \âaY = 0.035 Mâûc ùKäûeò̂ þ

 1 còfò “a N/10” Na
2
S

2
O

3
  = 0.035 a  Mâûc ùKäûeò^þ

X còfò “a N/10” Na
2
S

2
O

3
  = 0.035 aX cò.Mâûc ùKäûeò^þ

_~ðýùalY
iõLýû

\ò@û~ûA[ôaû
CaOCI

2
 \âaYe

@ûdZ^ (còfò)

aêýùeUþ _V^ (còfò)
Z̀ ûZþ

(còfòùe)_ùjfû aêýùeUþ
_V^cìfý (IBR)

c«aýùghþ aêýùeUþ
_V^cìfý (FBR)

01

02

03

04

_ûLû_ûLô

iõMZ

MYûùfLû :
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Gùa \ò@û~ûA[ôaû 10 còfò aäòPòõ _ûCWe \âaY[ô 0.0035 aX Mâûc ùKäûeò̂  @ùQö

\ò@û~ûA[ôaû 1000 còfò aäòPòõ _ûCWe \âaY[ô (0.0035 ax /25 x 1000) = A Mâûc  ùKäûeò^þ
[ôiòö

C_f² ùKäûeò^e % :

10 Mâûc CaOCI
2
 \âaY[ô A Mâûc C_f² ùKäûeò^þ @ùQ

100 Mâûc CaOCI
2
  \âY[ô 10 A Mâûc C_f² ùKäûeò^þ @ùQ

ò̂Ãhð : \ò@û~ûA[ôaû aäòPòõ _ûCWe \âaY[ô ......C_f² ùKäûeò̂ þ @ùQö
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eûiûd^òK _âZòKâòdû :

CaCO
3
+2HCI           CaCl

2
 + H

2
O + CO

2
‚

CaCl
2
  + (NH

4
)

2
C

2
O

4
        CaC

2
O

4
 +2NH

4
Cl

CaC
2
O

4
 + H

2
SO

4
        CaSO

4
 + H

2
C

2
O

2

2KMnO
4
 + 3H

2
SO

4
         K

2
SO

4
 + 2MnSO

4
+5[O] + 3H

2
O

5H
2
C

2
O

2 
+ 5[0]       5H

2
O + 10CO

2

 

 

 

1 ml of 1 N KMnO
4
 = 0.020 gm of Ca

1 ml of 1 N KMnO
4
 = 0.028 gm CaO

1 ml of 1 N KMnO
4
 = 0.050 gm of CaCO

3

_eúlYe flý : Pì̂  _[eþùe ùKùZ Kýûfiòdcþ @ùQ aûjûe Keû~òaûö

\eKûeú Rò̂ òh :  aêýùeUþ, _òù_U, ùKû^òKûfeþ ̀ äûÄö

\eKûeú eûiûd ò̂K Rò̂ òh : KMnO
4
 \âaY, cû^K @ûKèûfòKþ GiòWþ (N/10), 8% @ûùcû̂ òdcþ @KèûùfUþ

\âaY, NH
4
CI, @ûùcû^ò@ûö

iò¡û« : Pì̂  _[e cìkZü Kýûfiòdcþ Kûùaûðù^U[ô MVòZ ùfKò̂ þ Kcþ _eòcûYþe cýûùMÜiòdc Kûùaûðù^U
[ôiòö ùWûùfûcûAUþ ùjCùQ Kýûfiòdc Kûùaûðù^U @ûC cýûùMÜiòdc Kûùaûðù^Ue MêùU icZêfý
ù~øMòKö A LYòRMêWÿûK iû]ûeYZü ùføj, @ûfêcò̂ òdc, iòfòK þ̂ (cêq Kò́ û cògâòZ) @ûC ùR÷a _\û[ðe
@KèûAWþ ij \ìhòZ ùjiòö LYòR _\û[ðMêWÿûKeþ ajê iõLýK gòÌ _âùdûM @ùQ @ûC LYòRe MêYa©û
@ûC MêùU ̂ òŸòðÁ aûYòRòýK _âùdûM fûMò AZûe C_~êqZû CaCO

3
, MgCO

3
 @ûC C_iÚòZò @^ýû^ý

C_û\û^e _eòcûY C_þùe ̂ òbðe Keþiòö ùi[ôeþ fûMò iµì‰ð aòùgähY _âûdZü @ûagýK ùjiòö
A _¡Zò[ô Pì̂  _[e _ûCWeùK jûAùWâûùKäûeòK @cäùe \âaúbìZ Keû~ûGiò @ûC @ûùcû ò̂@û [ûAKeò
@KèûfòKþ GiòWþ Kò´û @ûùcû^òdcþ @KèûùfUþ aýajûe Keò \âaYùe [ôaû KýûfiòdcþùK @KèûùfUþ
bûaùe @agùgûhòZ ùjiòö ù]ûAfû _ùe @aùgûhòZ Kýûfiòdcþ @KèûùfUþ ùK \âaúd if ềýeòKþ
GiòWþ ij _âZòKâòdû Keû~ûGiò @ûC cêq ùjA[ôaûeþ @KèûfòKþ GiòWþùK ̂ òŸòðÁ cû^K KMnO

4
 \âaY

iùw UûAùUâUþ Keû~ûGiòö UûAùUâi^ fûMò \eKûeþ KMnO
4
 @ûdZ^eê, A LYòR _[eþùe [ôaû

Kýûfiòdcþe cûZâû jòiûa Keû~ûA_ûeþaûö

_eúlY - 7
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ùK«û Keþcû :

MêùU aòKeùe 1 Mâûc Pê^ _[eùK iVòKþ bûùa IR^ Ke @ûC LYòR _[eùK \âaúbìZ Keþaûeþ fûMò
AUûùK @Ì \âaýd HCI ij aòùgû]^ Keö ù\Lþa ù~ þ̂Zû CO

2
 Mýûiþ \îZMZòùe aûjûeòaû fûMò \âaY ̂ Á

^ûA jêG, ùi[ôeþfûMò aòùKð aé©ûKûe KûP [ô ùNûWûA eLö iaê Pì̂  _[e \âaúbìZ ùjfû _ùe aé©ûKûe
KûPþùK _ûYò[ô ]êAKeò ùiA aúKe ùe cògû@ö Zû_ùe @ûùcû^ò@ûùK cògûAKeò \âaYùK lûeúd Keö
Zû_ùe 1 Mâûc @ûùcû^òdcþ ùKäûeûAWþ (NH

2
CI) cògû@ @ûC \âaYUû \âaòbìZ ùjaûeþ ZKþ cògû@ö cògâY

RûeòeLô @]ôKû _eòcûYe 8% @ûùcû̂ òdcþ @KèûùfUþ \âaYùK @ûC \âaúbìZ Keö Zûjû_ùe \âaYùK ̀ êUû@
@ûC Kýûfiòdcþ @KèûùfUþ @aùghùK iÚòe ùjaûùK \ò@ö ÆÁ \âaúdùK QûYYú KûMR \ßûeû @fMû Ke,
ùKäûeûAþ @ûC @KèûùfUþ @ûd^ (ùKäûeûAWþ fûMò AgNO

3
 @ûC @KèûùfUþ fûMò Mec GiòUòùfùUWþ \âaúd

KMnO
4
 ij _eúlY Keò) cêq ̂ ûA ùjaûeþ ZKþ Kcþ @ûùcû ò̂dcþ jûAùWâûKèûAWþ ~êq Mec _ûZ^ _û̂ ò ij

@aùghùK @ù^K [e ]êA \ò@ö cýûùMÜiòdcþ aûjûe Keaûeþ fûMò A @aùghùK iõelY Keö \eKûeþ
ùjùf, cýûùMÜiòdcþùK cýûùMÜiòdcþ _ûAùeû̀ iù`Uþ eìù_ aûjûe Keö

`ù^f Zùf @aùgh [ôaû aòKeþùK eL @ûC QûYYú KûMR[ô [ôaû Kýûfiòdc @KèûùfUùK \âaúbìZþ Keòaûeþ
fûMò ̀ òfÖe ù__e[ô 20 eê 25 còfò 5N H

2
SO

4
 ùK cògû@ö A GiòWþ aòKe[ô [ôaû Kýûfiòdc @KèûùfUþ

@aùl_YùK aò \âaúbìZ Keòù\iòö QûYYú KûMR ùK _ûZ^ _ûYò[ô ]êA \ò@ @ûC ùiA ]ì@û _ûYò aò icû^
aòKe[ô iõMâj Keö A \âaYùK _eòcûYûcôK bûùa 250 còfò cû_ ̀ äûÄ[ô iÚû^û«e Ke, @ûC A[ôùe PòjÜ
ZKþ _ûZ^ _ûYò be @ûC \âaYùK bf bûùa cògû@ö 25 còfò \âaYùK MêùU ùKû^òRûf ̀ äûÄùe ̂ ò@,
ùi[ôùe 10 còfò \âaúd H

2
SO

4 
cògâY Keò \âaYùK _âûd 70 0C [ô Mec Keþ @ûC cû^K KMnO

4 
\âaY

(~ûjû _ùe _ùjfû cû^K @KèûfòKþ GiòWþ \âaY ijòZ cû̂ KúKeY Keû~ûA[ôfû) iûùw UûAùUâUþ Keö

MYûùfLû :

_~ðýùalY
iõLýû

@KèûfòKþ GiòWþ
\âaYe _eòcûY

aêýùeUþ _V^ (còfò)
Z̀ ûZþ

(còfòùe)_ùjfû aêýùeUþ
_V^cìfý (IBR)

c«aýùgh aêýùeUþ
_V^cìfý (FBR)

01

02

03

04
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_eòKk^ :

ò̂@û~ûA[ôaû _[ee IR^ = 1 Mâû.c

_âÉêZ @KèûfòKþ GiòWþ \âaYe @ûdZ^ = 250 cò.fò.

_âùZýK UûAùUâi þ̂ fûMò ̂ ò@û~ûA[ôaû @KèûfòKþ _eòcûY = 25 cò.fò.

KMnO
4
 \âaYe @ûdZ^ = X ml

KMnO
4
 e cû^KúeY :

25 còfò N/10 @KèûfòKþ GiòWþ = 25 cò.fò. N/10 KMnO
4 
\âaY

iû]ûeYZû  KMnO
4
 e cû^K N/10

Gùa, @ûùc Rû^òQê ù~

1 còfò 1 N KMnO
4 
= 0.02 Mâû.c Ca

19.3 còfò N/10 KMnO
4 
=  0.02 x X x 1/10 Mâû.c Ca

ùZYê, 25 còfò \âaY[ô 0.02 x X Mâûc Ca [ôiò

250 còfò \âaY[ô 0.02 x X Mâûc Ca [ôiò

Gùa, 1 Mâûc _[e[ô 0.02 x X Mâûc Ca @ùQ

100 Mâûc LYòR _\û[ð[ô 0.02 x X x 100 Mâû.c [ôiò =  x Mâû.c Ca

% ]ûZê[ô [ôaû Ca = 38.6% = 96.5%  CaCO
3

ò̂Ãhð : \ò@û~ûA[ôaû Pì̂  _[eùe  x % Ca aûjûeòfûö
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_eúlYe flý : ù_^Äò-cûùUð̂ è ̀ äûiþ _G< C_KeY aýajûe Keò ùZfe ̀ äûiþ _G< aûjûe
Keö

\eKûeú Rò̂ òh : ù_^Äò-cûùUð̂ e a¦ K_þ ̀ äûiþ _G< C_KeY, [ùcûðcòUe, cû_K iòfòŠe, LV

aòKe)ö

\eKûeú eûiûd ò̂K Rò̂ òh : \ò@û~ûA[ôaû ùZf ̂ cê̂ û

iò¡û« : ùZfe ̀ äûiþ aò¦êùK iaê^ê Kcþ Zû_cûZâû bûùa _eòbûhòZ Keû~ûGiò ù~^þ[ôùe A aû¿
ù\iò, ù~^þ _a^ iùw cògòKeò MêùU Rßk^gúk cògâY Zò@ûeþ Keþiò @ûC _ûAfUþ gòLû _âùdûM
Keþùf @ûùfûKþe Sfi ù\iòö A ̂ ò@ûñe aò_\ùK @UKûeþaûeþ fûMò \eKûe ùZfe @iÚòeZû aòhdùe
iìP^û ù\iòö

@MÜòaò¦ê ùjCùQ iaêVû^ê Kcþ Zû_cûZâû ù~^þVûù^ ùZf \ßûeû _~ðýû¯ aû¿ aXÿ~ûGiò, @ûC _a^
iûùw cògòKeò MêùU cògâY Zò@ûe Keiòö ù~ùZùaùf _ûAfUþ gòLû _ûLùK cògâY _ûLþùK @ û̂~ûGiò
AUû @ZòKcþùe 5 ùiùKŠ fûMò Rfþiòö

ä̀ûiþ aò¦ê ùZfe @iÚòeZû _âaé©òe MêùU @ûbûi ù\iò ùi[ôeþfûMò C_ôû\e icû^Zû aRûd eLôaûeþ
fûMò _âKâòdû ̂ òdªYùe C_ù~ûMú ùZfe @MÜò aò¦ê AZûeþ ̀ äûiþ aò¦êVû^ê _âûd 400 @]ôKûö MêùU
fêaâòùK<e aýajûe, _eòaj^ @ûC iõelY icd[ô @MÜò aò_\ aòeê¡ùe iêelû _â\û^ Keþiòö
ù_ ò̂Kè cûùUð̂ è a¦ K_þ C_KeY ùabûeþ Keò ̀ äûiþ @ûC @MÜò aò¦ê aûjûe Keû~ûA_ûeþaûö

ùK«û Keþcû :
C_KeYùe \ò@û~ûA[ôaû K_ùe \ò@û~ûA[ôaû ùZf ̂ cê̂ û ̂ ò@ö XûKYû iùw K_þùK a¦þ Ke @ûC
[ùcûðcòUeùK AZûeþ RûMûùe eLö ùa÷\êýZòK Mec _âYûkúùK G«û bûùa ic^ßd Ke ù~ 7
cò̂ òUùe Zû_cûZâû _âûd 1 0C aXÿò~òaûö _ûAfUþ @MÜòùK Rkê[ôaû @aiÚûùe eL @ûC fMûZeþ Nû<òaû
ij Zû_^þ Rûeò eLö _ûAfUþ gòLû RkûA eLö @û^êcû^òK ̀ äûiþ _G< _ûAaûeþ fûMò _âZò 5 0C
aýa]û^[ô cû_^ ̀ kû`f ̂ ò@ö ùZfùK 5 0C @«eûk ij [Šû ùjaûùK \ò@ @ûC ̀ äûiþ _G<
_ûAaûeþ ZKþ Zû_cûZâû[ô _âùZýK 1 0C aé¡ò ijòZ cû_^ ̀ kû`k ̂ ò@ö  ̀ äûiþ ùjfû _ùe, Zû_cûZâûùK
_âûd 5 0C @]ôKû aXÿþaû ùK \ò@ @ûC Mec Keþaûeþ a¦ Keö fMûZeþ @«eûk ij ùZfùK [Šû
ùjaûùK \ò@û @ûC _âZò 1 0C Zû_cûZâû Kcþ ij cû_^ ̀ kû`k ̂ ò@ ù~ZþKòùaf ZKþ ùK þ̂iò ̀ äûiþ
^ûA jêGö ̀ äûiþ ùjC[ôaû iaêVû^ê Kcþ Zû_cûZâû ùZfe ̀ äûiþ aò¦ê ù\iòö

_eúlY - 8
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1

2

3

4

5

6

7

8

9

10

MYûùfLû : 01 (@û^êcû^òK ̀ äûi _G< fûMò _~ðýùalY)

_~ðýùalY iõLýû Zû_cûZâû aé¡ò (50 Zû_ aé¡ò) c«aý

iûeYú 01 : ù_^Äò cûùUð^u ̀ äûiþ _G< C_KeY
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1

2

3

4

5

6

7

8

9

10

1

2

3

4

5

6

7

8

9

10

MYûùfLû : 02 (`äûi _G< ̂ ò‰ðd)
 iõLýû

_~ðýùalY
Zû_cûZâû (1 0C)

aé¡ò \ßûeû c«aý
 iõLýû

_~ðýùalY
Zû_cûZâû (1 0C)

aé¡ò \ßûeû c«aý

^òÃhð :
\ò@û~ûA[ôaû ùZfe ̀ äûiþ aò¦ê ùjCùQ ________0C = _______ 0Fö \ò@û~ûA[ôaû ùZfe @MÜò aò¦ê
ùjCùQ ________0C = _______ 0Fö
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_eúlYe flý : ùeWCWþ bòiùKûcòUe aýajûe Keò MêùU fêaâòùKUòõ ùZf ùKùZ MûXÿ iû¦âZû
aûjûe Keû~òaûö

\eKûeú Rò̂ òh : ùeWCWþ bòiùKûcòUe, Zû_cû_ú, Á_IßûPþ

\eKûeú eûiûd^òK Rò̂ òh: fêaâòùKUòõ ùZf

iò¡û« : bòùÄûiòUò ùjCùQ MêùU Zek _\û[ðe MêY ~ûjûe fûMò AZûeþ _âaùKð _âZòùeû] Keþiòö
ùi[ôfðûfMò AUû Zek _\û[ðe @ûbý«eúY _âZòùeû]e MêùU cû_ @ûC AZûe ̂ ò‰ðd iû]ûeYZü
fêaâòùKUòõ ùZf ùlZâùe Keû~ûGö AZûeþ ù~ þ̂iò fêaâòùKUòõ ùZfe iaêVû ê̂ MêeêZß_ì‰ð MêY, KûeY
AUû cêLý KûeK ~ûjûe MêùU fêaâòùKUòõe Kûcþ Keþaûeþ MêYMêWÿûK aûjûe Keþiòö

ù~^þ ùK^þiò Zû_cûZ^Úô ùZfe _ec iû¦âZû MêùU ùK÷gòK ^kú cû¤c[ô ùZfe _âaûj jûe
cû_ò aûjûe Keû~ûGiòö iû]ûeYZü cû^K _eòiÚòZòùe MêùU cû^K _eòcûYe ùK÷gòK cû¤c[ô
MêùU ̂ òŸòðÁ _eòcûYe ùZf ^òReþ IR^ Zùk _âaûjòZ ùjaûeþ fûMò fûMê[ôaûeþ icdùK cû_ò
aûjûe Keû~ûGiòö ùZfe iû¦âZû cû_ fûMò ùbaûeþ ùjC[ôaû C_KeYùK bòùÄûcòUe
Kêjû~ûGiòö ùeWCWþ bòùÄûcòUe iû]ûeYZü @^êbìZògúk GKKùe ^êùjñ aeõ @bòmZûcìkK
GKK[ô fêaâòùKUòõ ùZfe iû¦âZû cû_ fûMò ùabûeþ ùjiòö

iìZâ jòiûùa, ùeWCWþ bòiùKûcòUe \ßûeû Zek _\û[ðe iµì‰ð @ûC MZòR iû¦âZû aûjûe
Keû~ûA_ûeòaûö

iµì‰ð iû¦âZû  =

MZòK iû¦âZû (V) =

ùK þ̂Vûù^,

V = ùi<ùÁûKèùe ùZfe MZòR iû¦âZûö

T =  ùK÷gòKû cû¤cùe _âaûjòZ ùZfe GK ^òŸòðÁ _eòcûY fûMò ùiùKŠùe _âaûj icd

ρ  = ùZfe N^Zß

α Gaõ β ùjCQò ~ª iÚòeö

α Gaõ e cìfý β Zùk \ò@û~ûAùQ :

_eúlY - 9

 (αt -      )ρ
β

t

= αt -
β

t

 Absolute Viscosity

ρ
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cìfýMêWÿûK ùi<ùÁûKè dê̂ òUùe MY û̂ Keû~ûGiòö

α

0.00260

0.00247

β

0.00260

0.00247

50 còfò fûMò _âaûj icd ùiùKŠùe

34-100
100 eê @]ôK

PòZâ 01 : ùeWCWþ bòiùKûcòUeö

ùK«û Keþcû :
ùZf K_ùe ùZf ù^aû @ûMeê ̂ ò½òZ Ke ù~ ùZf K_þUû i`û @ûC gêLû @ùQ @ûC ùZf _âaûj
fûMò ùK÷gòKûfâòùe ùK^þiò aû]û ̂ ûA^ö ùK÷gòKûfâò a¦ Ke @ûC K_UûùK Ée iìPK ZKþ ùZf
^cê̂ û[ô _ìeY Keö Mec RýûùKUþùe Mec _û̂ ò be, ~ûjûùK ùZfe Zû_cûZâûùK @fZû cìfý ZK
aXÿûaûeþ fûMò Mec Keû~ûA_ûeòaû ù~ þ̂Vûù^ cû_ KeòaûùK ùjaûö ùZf ùKûVeú cû¤cþ[ô _âaûjòZ
ùjaû icdùe _ùjfû cû_ Ke @ûC Zùk eLû~ûA[ôaû cû_K ùKûjfeûiþ ̀ äûÄ[ô VòKþ 50 còfò
ùZf iõMâj ùjaû icdùK ùiùKŠùe ùeKWð Keö ùK÷iòKûfâò a¦ Ke, icû^ ùZf \ßûeû ùZf
K_ùK ùfbfòõ PòjÜû ZKþ @ûC[ùe be, Mec Keò ùZfþe Zû_cûZâû _âûd 10-15 0C (10 0C eê
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_~ðýùalY
iõLýû

_ùjfû
Zû_cûZâû
(0C)

ùgh
Zû_cûZâû
(0C)

cSò
 Zû_cûZâû

(0C)
icd

(ùiùKŠ)
α e
cìfý

β e
cìfý

MZòR iû¦âZû
(ùi<ùÁûKþ)

1

2

3

4

5

MYûùfLû :

Mâû þ̀ : Zû_cûZâû a^ûc KûAù^cûUòKþ iû¦âZû Mâû þ̀ a^û@ ö

ùghK[û :

Zû_cûZâû a^ûc MZòR iû¦âZûe MêùU Mâû`þ _äU a^ûA Keò _ûA[ôaûeþ A g± ùiäû_òõ aKâ _âcûY Keþiò ù~
C_ùeûqMêWÿûK _eÆe ij aò_eúZ bûùa RWÿòZ @[ûðZþ Zû_cûZâû aXÿþaûeþ ij, iû¦âZû Kcþiò @ûC aò_eúZ
bûùa ù~ûMûY ùjûA[ôaû ùZfe iû¦âZû ...... ùeWCWþ ùiùKŠ ùaûfò RYû_Wÿiòö

Kcþ ̂ êùjñ) aXÿû@ @ûC cû_K ùKûjfeûiþ ̀ äûÄùe VòKþ 50 còfò ùZf iõMâj ùjfû _ùe ùiùKŠ[ô
Zû_cûZâû @ûC @^êeì_ icd ùeKWð Keö _û*Uû bò^Ü Zû_cûZâûùe cû_ aûeþ aûeþ Keö aòbò^Ü
Zû_cûZâû[ô ùZfe MZòMZ iû¦âZû MY^û Ke @ûC Zû_cûZâû @ûC ùZfe MZòMZ iû¦âZû bòZþùe MêùU
Mâû þ̀ a^û@ö ùiùKŠ[ô ùeWCWþ iû¦âZû bûùa jûeûjûeò cìfý eòù_ûUð Keö
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_eúlYe flý : @ûÆòeò̂ þ (GùiUòf iûfòiòfòKþ GiòWþ) a^û~òaûö

\eKûeú Rò̂ òh : K^òKûfþ ̀ äûÄ, aòKe (100 còfò), aêP^eþ ̀ ù^fþ

\eKûeú eûiûd ò̂K Rò̂ òh : iûfòiòfòKþ GiòWþ, GùiUòKþ G^jûAWâûAWþ,

iò¡û« : iûfòiòfòKþ GiòWþ GùiUòùfi þ̂ Keþaûeþ iùw GùiUòfþ iûfòiòfòKþ GiòWþ Kò @ûÆòZò̂ þ Zò@ûe
ùjiòö GùiUòùfi þ̂ GùiUòKþ G^jûAWâûAWþ ij Rfþ\ò ùjiò @ûC KòQò MûXÿ M§Kûcä (Con. H

2
SO

4
)

e C_iÚòZò[ô AUû MêùU _âùeûPK bûùa Kûcþ Keþiòö

_eúlY - 10

ùK«û Keþcû :
5 Mâûc iûfòiòfòKþ GiòWþ Gaõ 7 còkò GiòUòKþ G^jûAWâûAWþùK 100 còkò K^òKûfþ ̀ äûÄùe ̂ ò@ö
AZûe 2-3 aê¦û MûXÿ M§Kûcä (Con. H

2
SO

4
) _Kû@, AZûùK bûfbûùa cògû@ @ûC Zûeþ _ùe

ä̀ûÄùK MêùU _û ò̂ _ûZâ[ô Mec Ke, Zû_cûZâû 60-70 0C bòZþùe eLôKeò 20 cò̂ òU ZKþ eLö
cògâYùK MêùU [Šû _ûZâ[ô @^aeZ Nê^ ð̂ Keò [Šû Ke, AZûe _âûd 20 còfò @Zò [Šû Rk ~êWÿ
ù~«û @Zòeòq GùiUòKþ G^jûAWâûAWþ ùK aòNUY KeòaûùK  iûjû~ý Keòaûö K ò̂Kûfþ ̀ äûÄ[ô [ôaû
\âaýùK 250 còfò aòKe[ô 50 Mâûc ae` MêŠ eLôKeò Nê̂ ð̂ Ke, ù~«ûKòò, ùi[ô [ôaû ]kû _\û[ð
ù\Lû ̂ ûA ~ûG, ̀ äûÄe bòZee ÉeùK Mäûiþ eWþ Kò ùÁ^ùfiþ iÖòfþ ÆûPêfû ij NhðY Keö aêP^eþ
`ù^fþ cû¤c[ô ̀ òfÖe Ke @ûC ̀ òfÖe KûMRe ù`ûfØ bòZþùe \aûA Keò gêLû Keö aûjûeò[ôaû
GùiUòfþ iûfòiòfòKþ GiòWþùK GùiUòKþ GiòWþ @ûC _ûYòe icû^ bûMe cògâYeê @ûC [ùe crystallize

(\û^û\ûe eì_) Keö

ùghK[û :
C_ôû\^ = 5 Mâûc      Mf^iÚû^ =136-137 0C
GùiUòfþ GiòUòKþ @cæ Mec Keþaûeþ icd[ô aòNUòZ ùjûA~ûGiò @ûC AUû iõ_ì‰ð bûùa ÆÁ Mf^ûu ̂ ûA
eùLö


