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Experiment :1

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.

(1) In the first step, NaOH is completely neutralized and Na,CO, is partially neutralized.
(i) In the second step, neutralization of Na,CO, is completed.
Chemical Reaction :
0] NaOH + HCI — NaCl + H,O
Na CO, + HCI = NaCl + NaHCO,
(i) NaHCO, + HCl = NaCI + H O + CO,

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, . 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,. Repeat the above process three times to get the

concordant readings.
Tabulation :
Number of | Volume of Burette Reading inml Difference inml Remarks
Observation|  Water 7o " " TEB R (19[EBR. 29 (ba) V. | (ca) V
Sample in b) © 1 2
ml
1 Rough

concordant

E N BVS I B\

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

[1]
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Calculations:

NaOH + 2 Na,CO, =V, ml of HCI Consumed (D

NaOH + Na, CO, =V, ml of HCI Consumed (1D

Subtracting equation (I) from equation (II)

/2Na,CO, =V, -V ml of HCl consumed

Na,CO,=2(V,-V,) ml of HCI consumed

Similarly, the volume of Acid required to neutralize whole of NaOH =V -2(V -V ) ml
Amount of Na,CO,:

We know that

1000 ml of 1 N HCI =53 gm of Na,CO,

1 ml of IN HCI = 53/1000 gm of Na,CO,

I ml of (A)N/10 HCL = Tox1000 S0 of Na,CO, , where (A) N/10 is the strength of HCL given
S3AX2(V,-V))
2(V,-V,)mlof “A” N/10 HCI = o000 gm of Na,CO,= X gm of Na,CO,

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

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

Amount of NaOH :
We know that
1000 ml of 1 N HCI =40 gm of NaOH

I ml of 1 N HCI=40/1000 gm of NaOH

40A
I ml of “A” N/10 HCL = 10000 gm of NaOH
{V,-2(V,-V))} mlof “A” N/10 HCI = 40AX {;/02620(0\/2_\/1)} 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.

[2]
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Experiment : 2

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:

(1) Standard disodium-EDTA Solution (i1) Eriocrome black-T indicator (EBT) [ Sodium-1-(1-hydroxy-2
naphthyl azo)-6-nitro-2-naphthol-4-sulphonate (II)] (ii1) Buffer solution (NH,C1+NH,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 Ca?*, Mg?* and other heavy metal ions like AI**, Fe*" and Mn?* 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,,
MgCl,, CaSO,, MgSO,, FeSO,, A1 (SO,),, etc. Hardness of water is generally expressed in terms of
equivalent amount of CaCO,. The reason for choosing CaCO, as the standard for reporting hardness of
water is actually its molecular weight which is 100. This makes the calculation easier. Moreover, CaCO,
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 (10°) parts by weight of water i.e. 1 PPM = 1 part of CaCO, equivalent hardness in 10° 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 Img/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.

[3]
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Chemical Reactions :
-H* -H* -H*
(i) H+ (Ind) <> H,(Ind) > HInd> <> Ind*>
Wine red Blue Yellow Orange
(pH<7) (pH 7-11) (pH>11)
. Ca’* - Ind Complex
(i) ](\j/;lgf* +HInd*«—s |Mg’*- Ind Complex| 11
Unstable
(wine red)

Ca** - Ind Complex

(i) Mg**- Ind Complex
Unstable

(wine red)

Procedure:

Ca- EDTA Complex
+Na,H,"Y « |Mg"-EDTA Complex +H Ind*+ H*

(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, ml.

Tabulation: 01

(Stable )

No of Ampunt of Initial Burette Final Burette . .
) supplied water .. . Differenceinml| Remarks
Observations ) reading in ml reading inml
sample inml

1 Rough

2

3 Concordant
4

(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, +Mg(OH),). 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., ml.

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

[4]
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Tabulations: 02

No of Amount of Initial Burette Final Burette

Observations | StPPlied water | dinginml | readinginm |Difcrenceinml| - Remarks
sample inml

1 Rough

3 Concordant

Calculation :

Total Hardness:

1000 ml of I M EDTA = 100 gm of CaCO,

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

1 mlof “a”M/100 EDTA = “a” mg of CaCO,

V,mlof*“a” M/100 EDTA =*a” V, mg of CaCO, = “A” mg of CaCO,

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

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

40
hardness in terms of CaCO, equivalent hardness.

Permanent Hardness:

1 mlof'1*“a”M/100 EDTA =“a” mg of CaCO,

V,mlof“a”M/100 EDTA = “a” V, mg of CaCO, = “B” mg of CaCO,

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

1000 ml or 1 Liter of boiled water sample contains = % x 1000 ==25B mg/L =25B ppm
permanent hardness in terms of CaCO, equivalent hardness.

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

[5]
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Experiment : 3

Aim of the Experiment : Standardization of Potassium Permanganate (KMnO,) using Oxalic Acid
Apparatus Required : Burette, Pipette, Conical Flask
Chemicals Required : KMnO, Solution, Oxalic Acid (N/10), Dilute H,SO,

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, MnO*
is reduced to Mn** and oxalate ions is oxidized to CO,. In this titration, potassium permanganate acts as
a self-indicator because it has the capability to change colour with change in oxidation state (Mn'* is pink
in colour, whereas Mn?* 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, imparts light pink colouration to the solution, which is the end point of
titration.

Chemical Reaction:

[MnO,+8H" + 5S¢ —» Mn*" +4 H,0] x 2
[C,0,” —2CO, +2¢e]x 5

2MnO,+5 C2042' +16 H — 2 Mn?>" +8 H,0 +10 CO,
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, solution until to get a
permanent light pink color. Repeat the titration till concordant readings are obtained.

Tabulation

No of Volume of N/10

Observations | Oxalic acid LB.R. (ml) FB.R(ml) |Differenceinml| Remarks

1 Rough

3 Concordant

[6]
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Calculation :

We know; S V =SV,

Where, S| - strength of Oxalic acid (N/10)
V, - Volume of Oxalic acid (10 ml)

S,- Strength of KMnO,

V,- Volume of KMnO, consumed

SIXVI
>y

2

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

[7]
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Experiment : 4

Aim of the Experiment : Determination of Ferrous ion in Mohr’s salt [FeSO,(NH,),SO,.6H 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, (i1) KMnO, solution, (iii) Dilute H SO,

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 Fe*" is oxidized
to Fe’* and MnO, - is reduced to Mn**

Chemical Reactions:
[MnO LT 8H"+ 5¢ —» Mn*" +4 H20]

[Fe** — Fe¥*+e]lx 5

2 MnO, + 5Fe** +8 H" — Mn*" + 5Fe’* +4H.0

Procedure : Pipette out 10 ml of supplied Mohr’s salt solution into a 250 ml of conical flask. Add halftest
tubes of dilute sulphuric acid and titrate the solution against KMnO, solution until to get permanent light
pink color. Repeat the titration till concordant readings are obtained.

ObsI:r(:/;tfons Vo(l;glei :ig(/ll 0 LB.R. (ml) FBR(ml) |Differenceinml| Remarks
1 Rough
2
3 Concordant
4

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

We know 1000 ml of 1 N KMnO, = 55.84 gm of Fe
55.85

I mlof I NKMnO,= —— gmofFe
1000
X 55.85 X P
= - ——xVx— gmofFe=°A’gofFe
V ml of T NKMnO4 1000 10 g g

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.

[8]
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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 :

(1) 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*? to Mn**, 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
KIand oxygen.

2KOH + MnSO,—» Mn(OH), + K SO,
2Mn(OH), + O, = 2MnO(OH),
(Oxygen carrier) (Basic Manganic Oxide)
MnO(OH), + H,SO,— MnSO, +2H,0+ [O]
(Nascent Oxygen)
2KI+H,SO,+[0]— K,SO,+H,0 +1,
2Na, S O, +1, —»2Nal+NaS,0,
Starch+1, 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

[9]



J6LICSIR| G366 S1R! / LABORATORY MANUAL

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,SO, 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.

No of
Observations

Volume of N/10
Oxalic acid

Burette Reading (ml)

LB.R. (ml)

F.B.R (ml)

Difference inml

Remarks

Rough

Concordant

Calculations:

1000 ml of INNa_S O, solution equiv 8 gm of Oxygen

1 mlof 1 NNa_SO, solution equiv 8 mg of Oxygen

Vmlof “a”N/10Na,S, O, solution gm of oxygen equiv =

20 ml of water contains equiv

8aV

mg of Oxygen
8aV , 1000

10

gm of oxygen

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

Conclusion:

10 20

=“A”mg/L of Oxygen

=“A” ppm of Oxygen

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

[10]
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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, — 5 CaCl, + Ca(CIO,),
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,+HO — Ca(OH),+Cl,
CL,+H,0 — HCI+ HOCI
CaOCL+2KI+2CH,COOH —» CaCl, +2CH,COOK+H,0+1,
1.+ Na, S O, — 2 Nal + Na,S O,

1+ Starch — Starch Iodide complex (Blue colour)

[11]
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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%
Kl 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 :
Volume
No of Supplied Initial Burette Final Burette Difk I R K
Observations | CaCOCI, Readinginml | Readinginml ifference (ml) emar
solution of
1 Rough
2
3 Concordant
4
Calculations :

Concentration of Bleaching powder solution=10gm /L
Titrate value = Xml

We know that :

1000 ml of I N Na,S O, =35.5 gm of chlorine

1 mlof IN Na,S O, =0.035 gm of chlorine

Iml of “a” N/10 Na,S O, = 0.035a gm of chlorine
Xmlof*“a”N/10Na,S O, = 0.035aX gm of chlorine

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

1000 ml of supplied bleaching powder solution contains X1000 =A gm of chlorine
% of Available Chlorine :

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

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

Conclusion :

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

[12]



J6LICSIR| G366 S1R! / LABORATORY MANUAL

Experiment :7

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

Apparatus Required : Burette, Pipette, Conical Flask

Chemicals Required:

KMnO, Solution, Standard oxalic acid (N/10), 8% Ammonium oxalate solution, NH,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,, MgCO, 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, solution. From the volume of KMnO, required for the
titration, the amount of Ca in the ore can be calculated:

1 mlof 1 N KMnO, =0.020 gm of Ca
I mlof 1 NKMnO, =0.028 gm CaO
I mlof I NKMnO, =0.050 gm of CaCO,
Chemical Reactions :
CaCO,+2HCI —» CaCl, + H,0 + CO,,
CaCl, +(NH,),C,0, — CaC,0, +2NH,Cl
CaC0O, + H,SO, — CaSO, + H,C,0,
2KMnO, + 3H,SO, = K,SO, + 2MnSO,+5[0] + 3H,0
5H,C,0,+ 5[0] = SH,0 + 10CO,
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, 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,Cl and stir the solution to

[13]
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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); for chloride and mild hot and
dilute acidified KMnO, 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 SN H,SO, 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,SO,, heat the solution to about 70 °C and titrate against the standard KMnO, solution (which in turn
was standardised with standard oxalic acid solution first).

No of Volume of Difference

Observations | Oxalic Solution LBR. (ml) FB.R (ml) inml Remarks

1 Rough

3 Concordant

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, solution rundown = x ml
Standardisation of KMnO, solution :
25 ml of N/10 oxalic acid = 25 ml of N/10 KMnO, solution
Normality of KMnO, =N/10
Now, we know that
1 mlof 1 NKMnO, =0.02 gm of Ca
19.3 mIN/10 KMnO, =0.02x X x 1/10 gm of Ca

[ 14]
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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 gmofCa

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

Conclusion:

The supplied lime stone contains x% of Ca.

[15]
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Experiment :8

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.

[16]
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Tabulation: 01 (Observation for approximate flash point)

No. of

Observations (5°C)

Temperature increase by R "
emarks

1

2

10

Thermomeler

i
5

E Shutter control
Flame test bumer =
Opering ::

Qil levei ponter

Stirrer blades - «— Stirar
Cil cup

Bunsen bumer -

Figure 01: Pensky Marten's Flash Point Apparatus

[17]
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Tabulation: 02 (Determination of flash point)

No.of [|Temperature Increase No.of [|Temperature Increase
Observations by (5°C) Remarks Observations by (5°C) Remarks
1 1
2 2
3 3
4 4
5 5
6 6
7 7
8 8
9 9
10 10
Conclusion :
The flash point of the given oil is °C OF.
The fire point of the given oil is 0)C= OF.

[ 18]
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Experiment : 9

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

o p
Absolute Viscosity= (0t - T)p

Absolute Viscosity B

ot - —

Kinematic Viscosity (V) = > t

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
p =Density of the oil

o and S are instrument constants.

The value of & and 8 are in given below:

Time of flow in seconds for 50 ml a §
34-100 0.00260 0.00260
Over 100 0.00247 0.00247

The values are calculated in centistokes unit.

[19]
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Figure 01: Redwood Viscometer.
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.

[20]
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Tabulation :
Initial Final Mean Kinematic
No Of temperature | temperature | temperature Time Value | Value Viscosity
Observations (°C) (°C) (°C) (Second) [ ofa of B (centistokes)

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.

[21]
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Experiment : 10

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,SO,
Theory:

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

COOH COOH
1. on

X  HpSO4
| T + (CH3C0)0 —— |

i3
+ CHzCOOH
\\{;,"

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,SO,; ; 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

[ 22 ]
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dNSE -

ARSI €16 : 6961IR HARIR| 9R PARIER A1 6ABAE RIEQERE IG° 6QIBAF
2R691RIRVR 6616 ARSI He)

UIQEURIY QARQE! : QUERS, TG, 6RIPRIM LI, 2R Q1]
QSN QIQAINGS 9019 21062169 0e 2e] (HCI), ACIom B6Q8:, 6PER RIS,

Q6 : 6T6G6QER A SR I&° AIEACRTR AR @ AP 2F 996 FIRESSE ARITN,
69666Q6m JSFRIRQS (Nuetralisation) @@ JTUIDER 66 |

(Q) Qaf Jo68T69, NaOH gﬁj@ JSIAR10QE! (Nuetralisation) 621N e Na,CO, Q
2IPSIa JSINR 621N |

(9) 619 C9686Q, Na,CO, @ 924 I6IFe 621RaIN |

QAIYER 984l :
@) NaOH + HCI — NaCl + H,0

Na,CO, + HCl — NaCl + NaHCO,
(@)  NaHCO, +HCl— NaCl + H,0 + CO,

o989l :

6AIIQ QUL @R FRIQ O A.Q. J6ds. ARAIER QLR AR ERIFRIM PR
QBIQ | NP FPERIRPIURE, IO @@ QL FSlg I° YRIQ QP QIEEQ 28l fQQ.
600U 92| D64 Al @ 21 81'I6Q 66IRITN QP 2QEN 62Q1 AR 2IRERI6H QR 2]
(HCI), GQ@6Q SIR656. f0Q | QUERS JORK I @2Q 1 98 JO@ gy e° JIRHe QUERS,
AORERY FRIER AITRY, 2IYERR gRY RIIRQ (V,) 1 N8 SRIESS QQ86R, Fdiam 3698
90a 9 “QQl” f8Ig e QEf 2GR AIR 96241 ATIR SIREES AeQ | Y@ QUERS!
AORERY e JIRHR QUSRS AORERY FrIER AIdaY V, 20809 Y 4IRQ | 68
(concordent) JORERY AIRQ| i QU6QIS Jalg 0PI JPRALE 80Q) |
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AN :
QU6QS A0R (AR) Ay (FR6R) el
e Jdofe | 2 Qe
OB @2 | Queas | QUERs. | Quees
el | UOR | goaeqy | corany | coeamy | GV, | )V
(FL.9) | [BR.(a) [FBR. (19[FBR. (2)
(b) (c)
1 QS
2
3 IO
4

LB.R. - JIQHR QUEQS JOLERY
F.B.R. - 2@F QUEQG A0LCIRY

JRRD :

NaOH + % Na,CO, =V, (@) HCIQIQ2IQ @QIDIRE ...

NaOH + Na,CO, =V, (FR) HCI QYQ2Io @QIIR8 ...

ANRQE! (9) Q MRS (9) @ S6Lllel @EER

¥4Na,CO, =V, -V, (FR) HCIQIQLIQ @08

Na,CO,=2(V,-V, ) (AR) HCI Q4Q21Q @QIQI08

(?)
(9)

NaOH @ d8iFe @0Q! dIR 2IQaNe 2R 26w = V,-2(V,-V, ) FR

Na,CO, @ 9QAI4! :

2l6s wle] 64,

OO0 f@ N HCl = 8M Qi1 Na,CO,

¢ ARQ N HCl= 8/ 000 glifl Na,CO,

© 8@ @ (AN/10 HCL =

10x1000

2(V,-V,) f@ @ “A”N/10 HCI =

10000

6QI0IR GULIRIR @R PARIER O AMER X GlIFt Na,CO, 28 |

QlIFl Na,CO,= X &I Na,CO,

Na,CO, 6lIf, 66016 (A) N/10 626@ HCL & AIee gy
S3AX2(V,-V))

PI626m OO0 fim 64I01IR QAULIRIQ! @@ RFRIEQ ROO X Qlifl /RG'Q Na,CO, 28 |
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NaOH Q 964! :
2lse Q18] 64,
CO00 A ON HCI = YO glIft NaOH

Q ARQ ©N HCl =50/ OO0 Qlifl NaOH

© @ Q (A)N/10 HCL = NaOH
RO X ROOO

{V,2(V,-V,)} 8@ Q “A”N/10 HCI _SOAX {V,2 (VZ'VI)GJM NaOH=Y &Il NaOH
Jelele)
6I9IR QUNIRIQ AR PFRIER O FRER X Gl NaOH Y Qi1 212 |

1626@ 6QI0IR SN @G @F@! €000 FRER OO Y Qlifl /RS'Q NaOH 21 |

Q98 6QI0IQ FAIRIR| 0@ PFRIER 00 X JIF/ASR 6AFLF FI6QI6RS' (Na,CO,)
NG OO0 Y I/ QRc'Q 621690 2126219 1R@, (NaOH) 2@ |
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AANSE -9

ANDE S - 09 :-

QAN @R Fie 6561NMATH QG (EDTA) 086 QI0l 97 SR 0Ja @Qal |
USRI QAKRAE! : QIERS, TEAC, BRIPRIM LIk, Al P, BUIRA| 6QIGM
2IQENAIY QARG el :

(i) Alpe G696 EDTAQQE!

(ii) NQB6RIA @RI-T go@ (EBT) [ 621046 -1 (1- 2106Q17 - 2 @IdIam 26R) -6-
PIREG! -2- @IEeM-4- IREPIBRS (1T)]

(iii) @CPQ @@€1 (NH,C1 +NH,0H)

Q6GBEl : SIQIR! 6208 QAR G, JIR1 AQPQ 6PE] 62QIQ FARIR, 6NN | 9IRS,
210 @R @210 Qe Jodl SFE! QLR JRRISE @RULIRAN | FRQ IQAS!
ARIQEIGS Ca?*, Mg? \GQ° AP, Fe** 8 Mn?* JQ 22U QIR AIQ 2Iegeaq @l @ade
6916 621N | R0@ ARA & FIREIF 6I6G6Q6R AIQe (NMRR 196, AIRTE 986 fal
60, e, IR @ CPYIG AR 6PN KRl 6dIS1TLN REl) ARe JCR @QULIN,
6I6GEQ6H 6PE QYR 2 P10 @Y APIINER 2RREIC AR A A LQ6SINE 9 @6Q,
Q210 660K G6RERL A PR 1 921 MUIRAON 6 AHIBSRICIAR 2SN G866 62 1R |
AL IR IR IR =

(@) AQIN QYS! : 2 AUIRIALA, AIBGALN Y&° ARYIPY QNN IR QS
QRRIBRIERT e REIQ RI6QlERs' IR 6Jine QOGS 64lG 62IRAN | 6T66QER
QRAEABRGTERR AUTE 29, 696666 AR LSRN ARAENY FIERERS R 2IRELPRG,
QJIee @R JIER R LQGIER Y& @’ QIQEQ Kl 2, 6J666Q6R 2| SIRARIR QR
AAUIRIIRQQ |

(61) QI DINYSI : 21 QUIRALA, FIBGEYL, REI I&° AMIRY QN URPR ARG
6RIRURG N IREPTR QUGS 616] 621R2IN 1 66¢], YN SIS JIR Q1 RASEGa
628 CaCl,, 81.91l.CL, CaSO,8.6ll. SO,, FeSO,, AL(S04), RG4S | @RQ SIQLG| CaSO,Q
AFRRY IS AURER IR AN | FRR SIRGG| G @A IR CaSO.q, AIP®
QUAER QR QIR EE 64, 2| IRNRPER ARG 2I6Sl B IR LIS BR
(Molecular mass) QI2la € OO & Q| AQOIR) 24N Q! JIRIR AR SESIRIARE! 6Q
206800 @QAIRARQ |

QYOI ae

(i) 96 Omge &rél (PPM) : N2lg J6 ARAe (10°) 2rél @R6Q QUge @RI
RI6QERER BRR 2IRER 2rSl TEll AURER QUIGH FRIAIRE, 2B, 10°2FS] AREQ 1
PPM = CaCO, 908 SIQ0! @ 2P |

(ii) 96 Anel 9 (A.e)L) : N2IR & AR AR6Q el FRglA QUIRIL RERIBRSR e
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QR VLT AU |
Q1 F169 QBRI 06 640 K@ AR © A.GlI/L =1 PPM

Q1G : EDTA Q 2162104 Q4l, 60606067 SN @@ 86 F6¢l 2| JORL @6 G
S FIRIFIER (PH 8-10) 2919 SIQIC Q81 YR IRN 2 0166 G261 A6 | 2BRIA IGB6RIAR
@@ - T (EBT), 9oQ4l QIQ 2Q€Q 8109 RIRQ 98 @1k Qf 62IRdIN | JI2] ¢'659e
6518 QL |

QUAYEe 9oRQ! :
“H -H* -H*
(i) H,+ (Ind) < H,(Ind) > HInd> +> Ind*
Wine red Blue Yellow Orange
(pH<7) (pH 7-11) (pH>11)
BRR AR QIR eIl
. Ca*" - Ind Complex
(il AC;gZ tHInd*«— |Mg?'- Ind Complex| 1y
Unstable
(wine red)

(0% @R (P1R)

Ca** - Ind Complex
(i) Mg**- Ind Complex
Unstable
(wine red)

Ca- EDTA Complex
+Na,H,"Y «» |Mg"-EDTA Complex +H Ind*+ H*
(Stable )

PR (B QIR) )

azeQl :

(0) aaid sIRQeiq Adq :

OO0 iR 6@IP IR PR 90 fR SR 0@ R J696 a@eg | 9 fR QPQ Q6! Q°
9-N QLI IRERIA @R - TIOR QEJ FGlIg | 0I'J6Q QUBRSER &R M/100 EDTA Q@6 996
6RIPAIR TR QAR §IR6ET FRQ, 66 6518 §96Q 60N QFF BIRe ARG P1R
QEFER CRQeR 99, 12 FIPR I8 ARG A0 IR AR §IRESE Rl Ui §21g | 2I0ee
V,ml62QIg 62g |
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EQGIE 621 QUIEQG AOR (Fig)
ARSI @R PR AR - = Iy
AR JIRfe QU6 2R QYRS = gy
P (Flm) \ N EGAEY))
JOLERY (IBR) | 90994 (FBR)
OP° QIS
09
om 22
oY

(if) 2 & QI SRS LA : I8 99 Ge6R 980 Fn SIIg er PFR| H2ig 6 gIg)
¢ Qg iR UER XS (600Ie ANY AIRRIERIERS. 2RAENY CaCO,+ Mg(OH), 69
QUCE @ 2) 1 88 @QQ, & 980 Am Alde FILEQ 2161 62UQ | Y@ @€ O fim g,
NG QUERIR 98 AR LIRS 2IFR @Y | Qg EDTA Q 2IKee @ @ERI6Q Il
FIQACI AR6 AR | AR V, Fm 629 |

od SIRCeIe Y SIRAGIR G646 @8 2 SIRAG! IRRRE : @RI |

dixen 9 :

6216181 621R2Q! QUEQS Q0P (
AT6RSE|  @f PRI
Pl Jeels (Aw)

QAlday

— Ay
@asa) |

0e QIS

o9

oM Tole

oy
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JRRD :

6A1Ie AR :
000 f@ ©M EDTA = OO glIfl CaCO,

¢ fime @M EDTA = ROO &gl CaCO,

¢ & @ “a”M/100 EDTA = “a” £gll CaCO,

V,ml “a” M/100 EDTA="a" V, §igll CaCO, =CaCO, Q “A” &qll
N6Q YO FR 0f e = “A” A6l CaCo, 28 |

A ~ A A .
ROOO A @RI R MEQ AR PARIER = == X000 =9 8 Al | R 98 “A” IR
618’ SIQAG| QI2IR CaCo, @ A N QR Q&8 |

J SIS

¢ @ Q “a” M/100 EDTA =“a” 8¢l CaCO,

V,ml “a” M/100 EDTA =“a” V,£lgll CaCO, =CaCO, @ “B” fiqll

NEQ YO fm &X' 9@ QORI = “B” fgl CaCo,

RO00 fiR ARl € QA G AR PARIBR = % X000 =9% B gl | RcQ
= 98 “B” A SIQEG! AI21@ CaCO, @ A NG| Q]Q Q@8 |

604 QI SRR (25A-25B) TONA Q26 QAR QIRIR CaCOo,Q AlIRe SIS Q]
QEQ |

Aad : 64616 6212 AR PERIER 6FI6 SIRLGI 25A ppm, I SIRLG! 25B ppm 9&°
(25A-25B) ppm Y SIQCG1 Q88 QIRIQ CaCO,Q A SINYC| @8 Q&S |
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AANSE - q

AQHEIQ SIFR : 2RIRG, TS, (Acid) QUQ2IQ & 6I51E4A AFTIFIBRS (KMnO,) @
AleaQe! (Standardisation)

UIQERIY QARQE! : QUERGS, TELS, 6RIPRIm LIk

2IQNAIY QYR 91 : KMnO, QQ€l, 2RIAG, 936, (N/10), Q9198 9QIf]
(DilH,SO,)

Q@EE! : 6AIG IR IQAIFFIERS e GO1LR Q@61 (secondary solution) @IQE!1 2R
AFIPR, 2RIAFING, @ SFAG| 2N, AIR] 61N AQAIFIERS. @ @UCE Q6 |
PRIQY, 61N JRAIFIERSR AIPRSAG! (strength)R 1@ 2Ie IO @RI IR
IR §Q @62 @121 66¢], ARFIFIERS 2R SI& I21Q QIR IO Fld AU |
6<IG1ALA RAIGPIERS. 2 ARIFER & SRS QIR (oxidising agent) UQER
@I R6Q 604 Y2l ARCIAR. TG, QATEER YO - 90°C 6Q FIPe 2GIRG,
90 98 @ GeIe (reducing agent) GQEER SINELS @QUAIRAINQ | CIRESAR,
60 @SR C-C A2IRa Q9. QA JIe! 2QIRE, 308 SR AU | I
AALER MnO* @ Mn* @ Q@L1QG 62IReIN NQ° 2RI6ms. IKRQea CO,q QING 9 |
8 GIR699R6Q, 6016130 IRAIGFIERS IR -9 (self-indicator) AVER @I
P6Q RIRE I2IR AFEPIR IR IRRER 986 QF IRRER AEQIQ SAGI 2R (Mn™)
661IRIAN QEPR NQ° Mn? @R ARIAER QEFRIRP) | S1R6SAR AAYER 6416 1T
AREIEFIERS, 2QIR6 96 QIR AR IRG 621R AEFIIR AIFFIRIY 2ICRER IRQGE 29 96°
60606@6R A2 Q60 AR IR QUQLE T 6I656@6M , KMnO, Q 66115~ £l 2668 Q!
Q4R BCIRICT QFPER IGREE AGCIN, DRI SIRETARR 6518 GQ |

QALIdee doadl : [MnO,+8H"+ 5¢ — Mn*" +4 H, O] x 2

[C,0 —2CO, +2¢] x 5
2MnO,+5C,0 +16 H* — 2 Mn* +8 H,0 + 10 CO,

dadl :

980 fim 6RIPR IR FILEQ O Fm N/10 2gIme M4e J696. @aQ | 2Rl 65'/HQ 2Q1Q6
AATIQR 186 6Q10Q e 8O- 90° 6aRIALY AIQ 0 AQQ | 31069, QIR I
2R 66IRIT Q6P AIRQ| AGI@ KMNnO, 204 GQR6Q 6IR66S @g | eI QoY IS 62Q
AR FIRES9R JPRIQE RRg |
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QA4 :
QIERS. AOL (Fm)
QHEQBE|  N/10 QIR ~ - - - aday | -
- 2R 2R e Qe | RGBS, | 556q)
JOREM (IBR) | Q09gmY (FBR)
oe ISl
o
om FOIG
oY
AR :

26 K16 64, S,V, = S,V,

60606Q, g IRa, 998 (N/10) @ AIee SFe| §1&
V, = 2QIRe 2R, IQAI8 (RO FR)

S, =KMnO, @ Ale@SAe| §1@

V, = KMnO, @ 961I€] 616 62108

S xV,

2 \Y%

2

a4 : sa0ia AUCIRYQ! 6QI6 1AL IRAIFFIERER AIPRSAG] SI@ voveeeene. NI
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dNNSE -

AR $1FR : FAIPARS 6ISIAAN AQFIFIERS QURLIR AQ 67120 RSIER 6FPAT
2190 (6@I2) [FeSO, (NH,), SO,.6H,0]) Pa |

UIQERIY QAR @ QIEQG, TELT, ERIPRIR X<, AR, AIdE IRSQ, 6UIRS]
6QIOM, 65 QYR |

2IQENRIY QYRR 921 : (i) 67I2QQ RS QR4 (i) KMnO, @4, (iii) 2@1@0 H,SO,

Q64 : 671120 RSl QAEIBR Al 6raQ KPR AQENE! LN FRIFIBR 6016141
JRAIFFIERE. 2Qd §R6Q GRS QIR P4 aaldN | Mol6e, 6aI g
AQFNFIERS IR AL-906 ARER I @6 | Y 2R 66IRIA Q&P 696!
QR 6518 69 Fd0 AQUAN | YR AAAER Fe?* RIAG 621R Fe* G 9&° MnO,-
SRE06 6210 Mn? § J0QE0 621R &N |

QQAYEe geRA! :
[MnO,+8H" + Se—» Mn*' + 4 H,0]
[Fe* — Fe** +e]x 5
2 MnO4'vL S5Fe**+8 H — 2 Mn?*"+5Fe*"+4 HZO
Rl :

BAIRlIR AR 6AI2Q RSl QAEIQ RO FM TEUG' @Q @ 980 FR 6RIPRIM IR
QEIQ | QPG IR AR, 2RI 65RGQ 6L10Q NQ° I 2R 66IRI Q&P IR
i@ KMnO, 208 GRR6a G1n656 @eq | F61e oY I8 621 e 6 1R669R JraIga @0 |
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QIR
Sl QUEaE CoR (FR)
adieess| QURgal - . = - QAN aa
e crleq Qe | dieEn Qitel 289495 | 5ace)
aeaq caaie | Coedat (IBR) | doedai (FBR)
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o FOIG
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A2 Ml Q6] QIR QU@L KMnO, 2IKee =V ml

RO0O0 fi@ © NKMnO, = 88.I ¥ gll.fl Fe

. 8.

X 881" X

—— KMnO, @ Vml=———xVx —— qll.&1 Fe = "A"Qll.¢1 Fe
RO ROOO RO

604 €O FR 67120 QRS QLB “A” QII.E1 Fe &N |

000 iR 6dIGlIR STUIRIQ| 6A12Q R 2QEIER OO A Gll.A./RSR Fe &N |

Aad : 6A6IR BRI 6A12R Q& AQEBR ... QLA /RERQ Fe &N |
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A& - 8
QISR §1FR : 6060IR FRAIRAR @R PIRIER 2E PG LR IRe ARSI Fdd aa! |

UIQEURIY QURQE! : QUERS, WAR 6QIEM (8O0 Aw), Alde AR8R (980 fm),
6586 Qua

2QNRIY QAR 91T : (i) AIFFIPY AR @Qd] (3T %), (i) AIna IRIRe 6CIC ALK
261N QQEI, (i) 291QE ARTIAR \IT0, (iv) FIee 69/E4A SIBAIIRETrs Qad] \a°
(v) 994 090 IO QR4 |

S698¢l : QPG AR IR 6268 AR YINAIR I8 AL ARAINR | 92| AREQ AEE
66@ J0IIR A2 @106 JR 2IQSNR ERIPR ARAIK | ARIQSIGE 6RI08 BIOAIRER 96
RACQEREQ I T R QQ19E 2RI 2N | 2190 2R IPQ P4 QRS AIRQS TIR
URUIQEMR 622N RIQE 2| QURREIR B AT INEN | RR6Q 2Q1EE YR IP BRNQR
Q86 QIR B0 RQIAN | REQ 2QIRG 2IRIR QIR 6QIF AR 26RO ‘PIRS
Jdagll (oxidation process) QUEQ 2ARIQG | ABLERIBATR IRG (BRAQ) 4@ G
QEQ 2RIGEG 60 I FARIFBR, @QIQE 2RIP Mn2Q) Mn*q RI66 K69, JIL
2L ARIFEQ 2CLRINEG, @ @ BPRER RIS @QQIBR ALY @6 @
62102l 2BAGER AR AIPR 6QIGLIN AIBAAREPS. 26 QQREQ Q6L
AU |

60623 AREQ QPG e @ G 2QYER e 66¢] 21 6dIF1ACA B INS QQE]
Q8% 9N fARIR AT DI P12, 664 6IF RN 26AR NG, (KI) Me° 2R Ie FRIER
JoRd ZEIQ IR 2RIR Qe (6C0RM AP 2R62IQING) QAR @RI |

2KOH +MnSO, ~ Mn(OH), + K SO,

2Mn(OH), + O, 2MnO(OH),
RERIe Qee)  (6FRe AIEFIPR QR

MnO(OH), + H,SO,  MnSO, +2H,0+ [O]

(eadISIe 2NR1)
2KI + H,S0,+ [O] K,SO, + H,0 +1,
2Na,S,0,+1, 2Nal + Na,S,0,

QUG+, —> VO, 26APIRe 6160 (1R Q)
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Rl

62IFIR GYULRAR PR @RI oo R G2 Adex gdigt € o AR dIRYe 218 980 AR @R
QIR 90 6QIER6R H23 | (696099 AR QI LATER ARAIY PR | gae ¢ JR AFeg
ARCTS @RS IL° 9I'd6R ¢ FIR Ao 63ISIden 2I6YIIne @Rde Jeds ARgiea Faig, K99
Q28 69 940 FRQ I8 G6R AN AR YRS 2| (SN 28R Kl 611G ZIRIne 2N,
JIel 2o 2l 6261614 Pleaa K9 &Y, A9l 6dIedas dsaieiag (KI) @ ZIEYEe I8 @I
QRIS 2N) | 01'a6Q g ARG YRTE G IR 610N ZERR 2a OR-2JQ KRR Ie°
600 2e6898lq (precipitate) @@ F76! IR Ja 629Ig QUL | 61I'd6Q N fin @91e H,SO,
QR8R 90l QI @6 AGIKN 6dadie 2RERTd QIRe A2, @I UIER UER IR 2T 2R
QR @R YUIS R6Q | NI FE6R 8 TR JIR @6 NIRER Q¥g | 6’06, ¥ 0 AR @R8IQ
J696 @0g IG° 920 QU6QEQ IR (standard) 6AGHE] YBIANCTE QRS ALG 1LIR FINESS
P0G | 6IERERER QIR QFF 92O YNGR 2R (9] IR QFr) 6QRTR, 6AERERER € TR AQY
gge WU 9o A6Ig 9e° I aet agd 294y 629 Ais FIREEAR PR Qg |

el :

QAlday

~ 22%%
QIERXG! (BAER)

TS| an egeR
QP 2990 (@)

(OAN ISt

o9

oM ol

oy
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JRRD :

eO00 AR © N Na,S,0, 294 = I gif 2A9R1e

27273

¢ i@ © NNa,S,0, 28 =T 8.91f 2RI

27273

V&R “aN/10” Na,S,0, 206l = %V 2RI 7.9l

~

YO fR 9R6a %Val.ﬂ .90 2RIe el |
000

2000 AA anea LXZ 9;)80 .9IA/A5R ZaRIR 2
= “A” .919/QR6'Q e e
=212 “A” ppm

o84 : caeIa AL 9P PARIEQ QRIRE RPN AQLNE]....... ppm
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ANSE -9
AR $1FR : 611 621R2Q| G5 VAR ATIRR 661000 IGSI6 |

USRI QARQE : QIERS, QUBRS. RIS, TETS, 6RIFRIRR P, RIG IS, AIY
AREQ, BAINQI 6QIM |

2IQeNR1Y QIAIYRS Al : GO AIRGR Q&I KI( @ 0%) 24!, @14 (dilute) 26ATH.
8@, N/ RO 626 dIBAREPS R4, RS IOR |

QEENE] 1 QO° TIRPQ Y@ IR FIRIERISIR QIR @R6R F8l 616l RN FIRQIER,
AIREN | §6° JIReaa RIRIERIEIe @AY 21R6d6RIed 2F) (HOCL) ¥&° &6
JERAISTR (nascent) 2R 1@ 6416 621REIN | 921 96 ISR @10 (oxidizing agent)
G 2IR6662T6, (IREREIER QI GG 66188 KRR SFG!) IaGR 26 |
QA6° QIRPAR YEIRA NER R 68/ IQFIE QIR HUR F6Q | AR 64100
JOSIoR J6 SI62 2rél @6° AIRENER KINE (256990) dIn ARSI 65008 IQEIIE
QPR IQNTE AQUAIRAIER | 66¢], ATRR 6RINPQ GG 6060 AR, Q6"
JIRERR PR 666 G | 108 O UIRRER UK 8 9% 6qIeR N G 1@ O JEIeal
QG JRPRER DINR QRPN 6@QR NE-NT % 2N | @16 Q61 62102 G6° AIRLR
UIBQ UBQ QUG 2 I6° QYIRIALA 6RIQURE I6° AYIRIALIA 666X QUIBRE 24|
60€] AN ORI ARG QORI ERINPR JEEIG 21 AN |

6 CaOCl, —» 5 CaCl, + Ca(CIO,),
QF :

RREQ 18 620! 6Q10R, KI 996 JoRdl @9 2o QU6 da @1 @ 99
62IdQ| 6T, VWOR JOf LUK IR @G 6IGLF dIBLARCPER 9@
P& (standard) Q€ QQREQ CIREGS. KRULIN |

QAR goRQl :

CaOCL,+H,0 — Ca(OH),+Cl,
Cl, +H,0 — HCI + HOCI
CaOCI+2KI+2CH,COOH — CaC, +2CH,COOK+H,0+1,
1+ Na,S,0, = 2 Nal + Na S,0,

1+ Starch — Starch lodide complex
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daql :

980 Fim 6Q16RIR LIUER 6LICIR @ULIRERQ| @6 TIRPR QIR O Fim 606 Qg | €8 FR
R 0% KIQQE1@® RO i @Q14) (diluted) 2I6ATHR 90 @@€1 FiSlig | 6R PRI FILR IO QlI
Q80 6QIPIR G2 \Ie° 2ADIRER NO Fa6 AR Q81 | MO FIRS 069 £a 2B 6 VSIS 2IR6Cl
(hypo) @a¢1 986 SIR6ES faQ IR QIR 2IRA| 252 Q&P 2ITR | 9 Q NQRI KO 906 FSIQ.
& QEPDIR Q61 62Q1 AU SIRETIR HQQ, U2 6268 6518 59 | SIR6SS OnYR Uie G2Ig |
IO P4 AIRQ| IR QUEQIR JRd) 056 20 JPALE @09 |

el

QAR QUIEQG QO (

QAlday
(FR6R)

ARS8l
oPe|

CiElOC|2 QLQEIRN Jiefe qu@g‘\ /@ ey

2909 ((R) | coegmy (IBR) | coegmy (FBR)

0e QIS

o9

O ol

oy

dRRRQ :
QO JIRER 2R ARG = RO QlIF | AC'R
SIRELS md = X e
2l6e Q€] 64
OO0 fim @ N Na,S,0, = M8.8 Qif 6Q1Qx,
e @ @ N Na,S,0, @Qél = O.0MNS QliF 6980,
¢ 8@ “aN/10" Na,S,0, = O.0M8 a Qif 6g1QR,

X @ “aN/10" Na,S,0, = 0.0M8 aX £.971 6qI18e,
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6@ 6QI0lIR GAUILIRIRQI RO fim G6° AIRERQ 2@LIEQ O.00ME aX Qi 69 Qe 28 |

—~

6AI0IR Q2RI € OO0 fR Q6° JIREQ QQEIBR (O.00ME aXO00)/ 98 =A gl
6QIQ 2N |

QIR 691 Y% :
RO gift CaOCl, 2Q¢I6Q AQlIFl QORI 66 QR 28

00 Qlifl CaOCl, @€I6Q RO AQlIFl QURR 6q 0@ 2&

94 : 600IR SRR 6 VRGN QRSN ... 00N 66/0@ 28 |
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QNSNS -2

ANVEIR SFR : QP LB MUIRTANR ARSI LIRRe aRa! |
UIQENRIY QARQE! : QUERS, TG, 6RIPR IR I |

2IQENNIY AIAIAGE 921 : KMnO, 2a61, FlI06 ZIQIRe 38, (N/10), I % ZlIsAIBa
2R I6mG. @@¢1, NH,CI, 2168152 |

Q6gT¢l : Q@ UUR IRG8 AUIRIAAN AIERIERTER 6106 AQ ARIRKIFE AF AGAISIR
AUIEGACS RIBRIERS 996 RGE | 6RIBRIFINS 6268 AUIRIAN 6QTRT Ye°
46630 @16QT605a Y& AAGRY 6416 | 8 Heqee ARIQEES 6RIa,
2RAGAA, IRAE_ (fe ARl Age) e 66e Jelda 2QIae 986 986 621RalN |
686 J0IFGEaR @2 Trelie dig 066l 28 6° ¢IEea GEIRaI Y6° e PEa QIEiGYe
JeAllel din 9218 QUIY@EG! CaCo,, MgCO, \I&° QUE6 2RUIeY QUIRIRQ ARFIE]
QJ6Q PO G6Q | 664 AR G6KEE JICES ARG 62IRalN |

V8 J8GEQ, Q@ AR JIRERR 21R62I6QI0R SR QARG KRN e 2IAIP]
QOgoeQ AR Ima Yde KAl A6AIGIN ARIERS, QULIQ AR QAR QAYS
AURIANR LR IEME. AER AQSESITE 2| RIRQ| J6R 2QESISE QUM 2IgIEms. &
QA IRTIER, 16 956 IER AN I6° e 621R2Q 2gIRm 190 I8 HER AR
KMnO, 2Q¢l 986 ¢'R665. @I | §1R6596 JIn 2IQ8Ha KMNnO, ZILeas), 18 ¢1&ia
AERBR 2RI NIRRT TRENE SIS @QUIIRAIBR |

1 mlof 1 NKMnO, =0.020 gm of Ca
I mlof I NKMnO, =0.028 gm CaO

I mlof I NKMnO, =0.050 gm of CaCO,

QAR geRQl :

CaCO+2HCI —» CaCl, + H,0 + CO,,
CaCl, + (NH,),C,0, — CaC,0, +2NH,CI
CaC,0, + H,SO, — CaSO, + H,C,0,
2KMnO, + 3H,S0, = K SO, + 2MnSO +5[0] + 3H,0

5H,C,0, + 5[0] = 5H,0 + 10CO,
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9@l :

R AER6R € GIFl Q@ Jdes 906 AN BRR AaQ 16 ¢8I JI0s 2Q1RE AR AR
N2IQ 29 QUL HCI 996 Q6SIe @ | Ie G2lg, 600 CO, 1Iq 209561 Q210
QIR QR4 R 92, 692JIR ARR QAINIA A QIR AR IR QEIg | AW I I8 QQ1QE
6201 J6Q QAR IR RIOR VIR 6N 692 QIeQ FRIER Al @A | FI06Q 2IIEAIH I FSIR
2QdIn IR @eQg | 2121060  gIF AR 641X, (NH,CI) Agé @ag 9e° Q8IS
Qe 620 IS 01a 98 8QQ | HSK QARG 2ie ARAISIR % 2CAIRAL 2QI6RS,
2QdIn. I8l QRIEE @QQ | FI2IT6Q QIR XTIQ I QIR ARIBRS, ARESIS I
62QIn. Q2 | 9% QIR 8158 QIR QIR ARG @RY, 69N N° 2R IEME, 2R
(6919100 AIe AGNO, \I&* 2R 6M%. JIR 6101 IECEMEE'e @@l KMnO, 9896 aisdl @ Q)
8 @ 620 IS 27 2EAIBIAN 21R621QIR0, I8 TR AIBe QIS 986 2R6SIT 2o
80 62IR BRIg | FHIGRION PLa QI 8 2IR65I8R PRSI faQ | 28R 626/, FUIEEROAR.
FUI6GEAA AIREAUPIEPE Q60 B 6QQ |

CPERM O6R UQESIT QI ARQR QSIQ I&° 8161 RISINER | AYIRILF 2R ERCY 2A1RG
f0Q da PRE 69906 90 § 9% AR 8N H,S0, @ Aslig | 1@ 9o Aaas gal
AUIRAA 2R EMS, AQEFAEIR /I QARG @R | 8IKISN @166 @ IR AISIER 6AIR Q2UQ.
NQ® 698 il ISl F1l AR GRRER LU Qg | G @Qdln AQAILITR QR 980 fm
Al TIN6Q Y212 §QQ, Me° ¥g6a 69 Adie AIee JIil 99Q I&° 2Q4R On AUNER
2RI 98 AR QIR e 6RIPRIR TR F2Q, 6226Q O fiR @ald H,S0,f88 @
2Q6Iq Jig 90 °C 6Q SR @QQ &° Alee KMnO,QQ4] (121 6@ 9866 AlIee 2igIma,
A0 26 A6 AIPRIRQS AQUAIRIR]) AQEER C'INESS. @QQ |

QAIQEN :
QIEQG AOR (Fig)
A6QsEl| g R 9, — - ~ : Qlay i
coau | ecanogae | 9RRS QUee 2B QU6R @360)

oR

o9

oM

oy
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AR :

PRI VR Be@ = © .6l

d90 2QIne 90 2QdIR 2o = 980 A.a.

604 SIRESYR IR PR ARING JRAIE = 98 AL.Q.
KMnO, @Q€IQ 2lIiee = X ml

KMnO, Q AlI®@IRE! :

98 @ N/RO 2gima e = 98 A.R. N/RO KMnO, 214
ARSI KMNnO, @ F1lp@ N/RO

6Q, 261 RIEIg 69

¢ @ © NKMnO,=0.09 ¢l Ca

¢ C.NEA@ N/ROKMnO,= 0.09 xXx /RO gl.flCa
604, 98 IR Q8B O.09 x X Gl Ca &l

980 fim @QEI6Q O.09 x X glIFl Ca &Il

6Q, € QliFl AdQEQ ©.09 x X GliFl Ca 28

QOO0 glifl ¢éi@ TQITER 0.09 x X x OO GIL.AI &N = x Gll.61 Ca

% U6 gl Ca= NI .9% = ¢ 9.8% CaCoO,

Aad : 6aIsIR BRI 9P VUNER x % Ca Q@] |
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AANSSI -

AV RAY : 6IPF-FI65Q T/ NG ATARES QIR IR @R 66RR FIQ I P

2AQENRIY DRAIG : 60PF-AI6EPR QL O Y NG AUARE], 6T, FI0 IRga,
LVQaQ)

2IeEa1g QUAYES 9019 : 60I0R SRR 66@ IR

Q6gT¢l : 66RQ T/ 397 A0 BI0AIRI AFER TQAATE FQIAN 6JGIER 2|
QY &, LIR1 QI 9RG Al IR QPSR AEl CI0R KR Q° diems, Sist 96Llsl
PER 2CRINE R I | 92| 25 AUeq 610 JIR QSR 66RR AT AVIER
ORI G |

2GRR 6268 656 G 107G 6JG0IER 69R QIR AN QN 98 AN, QIR FPREQ VRS
S8l QIR YRAG 6201 U6Q 212G RFIEQ 8 69604 JIn FRQR K6 |

FIQ @R 66N AR QAR e 2IEY 2IRIY JRIP @EQ Ie° 634 AU AAP | Q@RI
Qe AR YR PURCER Q6N 6ERR 25 A9 IR FIY 9QOIQ dIg ¥O°
2R | U@ RAERLR QLI IQRRR o PRI AALER G AU GQEEQ Q|
JOIP Q6Q | 600G FITR Q0 A QIR QIR AR TIA ¥e° AF 49 Qe
&40 AQUARARR |

dagl :

QAR GNIRIR @R 6161 621 60 PER! F2Q | 2106 G0 @R QL
A0Q I6° BAINITOR 2IQ IR Q8] | 68QIE 610 JYlIRTa NOR UREQ AAQL]
AR RQg 65 © AFSEQ CIOAIRI DI © °C QR AN | JIRMG 2n @RI 2QYER Q6Ig
I6° SR AR QR0 IR RIS QS1g | ARG SISl @RIR QSIg | ARG ORI NI
JRQI VIRNVE & °C QURIPER IR PRIPRBAQ 16606 & °C IR 966 8l 62 1e
GRUQ I I O AR AR BINFIBIER J68YR © °C Q8 996 AINE CPRICPR H21g) |
T 62Q1 I6Q, FIAAIR IR I § °C 2P QA @QRIQ G2g Ie° IR @R @ /g |
PRI 2R LB 6ORR 28l 62 IR @2 N JE € 'CRINNIGI QA 996 AIdE CPRICPR
P2Q 6CANR 66161 I 22 | I 620Q1 AGHE] BIAFIBI 66MQ LI NG |
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QAIQEl : OR (AIRAIGE 1Y A A6 ATI6QSE1)

< — —_
AAIEQIE el | AR QF (8° 1A QF) AN

1

10

Thermomeler
Pilot burnar

Shutter cortrol

Flame test bumer

Opening

Qil levei ponter

Stirrer blades - -— Stirpr

) |
| = 5 F J
\ " /)
\. S N\ Qi CUP
E I i
N
N
%]

Bunsen bumer - 0y
N
|

By
t“-‘_ Stand

TTRLUETIRLITAT, RIS

QIR O° : 69QF AIBTRR FIY NG RARAE
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QAIQEN : 09 (€FI o Q)

el | IRl (@ °C) el | QIaaIRl (R °C)

adicesal  qfqal | TN ladieesd qfqe | O

1 1

2 2

3 3

4 4

5 5

6 6

7 7

8 8

9 9

10 10
oad :
QUL 6PRQ LI Q69268 °C = °F | @D 68RQ 2]
QQ 62G@ 0C = F |
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AANSS1 -

AR $1FR : 60900 AR IFTR QUALIQ AR I8 REERE° 6o ‘Aeq’ |
QSN QURQE! : 6QEAE, QAERIATR, 1OAIAI, RAGIO,
2RI QYRS 91 : RG6Rc” 6om

Q6gEel : G62AT 6268 Y@ 6aR AR J4I AIR| QIR 2| Y9I JRIe6 IGEQR
P69 166¢] 21 9P IR YRS AGERQRIQ @ AT Ie° Y2IQ Fa ARINEIGS
QAEEAG" 60m 68069 AN | Y2| 606a16Id RE6RE° 65na Q018 QeI 64,
QIR 2 6N R10R D121 Y& RE6aG e RIS Q8o Fdd a6Q |

6601618 QIAIRIER 60RR JRF ARG IR 6adln @R AIRIFER 60Ma IRl 2R
AT 040 @QUAN | ARINEIBS FIRG JRJGER @ AIRa JRAKIQ 6ada FRIAER
96 OOR AR 0@ B0 BRE G6@ JeIEe 62! AR AIYAR! 9Ag AIT Gda
PRULN | 60 A6 AId JdiIn QUIQEEe QIRRER QAT KIAN| 60009,
GEAATR ARIREIGS LRYEIR IRGER QL Q6 JLHPIING IRR6R RYEHG®
6ORQ ARG AIY IR QYL 9|

J6 2QdI6R, 69000 QIERIATR QIal fan aalda At ¢° 06e AIRe! Fda
AQULIRIIQQ |

aed Aeg = (at-tﬁ)p

Absolute Viscosity B

g S

IEe QARG (V) =
660169,
V=626WR6Q 66 6166 AR |

T= 60dial ARIFER JOIE0 60mQ e PE% AR IR 6960€6Q Jale AR
P =60RQ J9Q

o NQ° p62RR e g |
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0 NG° B Q IRY G6R QRIIRS :

80 fR U1 9RI@ YA 6I6RI6R a B
N¥-00 0.00260 0.00260
00 Q) 2RIe 0.00247 0.00247

ERigeR 6286RIG IESER SRl AQUAN |

o

» Thermometer

—s— Hoelder Cup .
» Stirrer Handle

Qil Level Pointer

» Stirrer

» Heating Coil
» Heating Bath

- Oil Cup

= ~@ Water Qutlet
= \alve Rod

\L» Agate Jet

» Flask

|

EL AL

? Levellings Screw

02 OF : 60060 LIRS |

aeql :

60M AUER 60M 69Q1 IO HEE AOQ 64 60M AUE AP I6° Eiml 28 I6° 66m
dQI2 JIR 66916 6a1EI QI Q18 | 66TIRPR1 (Capillary) @8 @QQ NQ° @AGR.
90 90 AUQ 60R PERI6R JE faQ | IR QUSRS JIGER 4 62IRdN, IR1G,
66RQ BIAfIBIR A6 gAY Adie QF A6l dIR SR AR 6DR0IER FIIT
PRQIR 62Q | 6EM 6RI0Q FARIFER JRIEG 62Q! AFYER I AIY K@Y I6° F6R
QHDIRIQ! FIde 6RIERRIY FILEQ Or 8O fiR 60M P2 6201 AAIR 6I6aSER
6000 A0Q | 6RTINER Q9 FRQ, AP 60R QIR 6O FUF ERAR: 69 AR
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JR8eR @0Q, JF @8 60RQ GIOAIBI JI €0O-08 °C (RO °C Q @ R62) Q8
RQ NQ° DR ERIRAAIA IR OR, 8O fm 6oM FCL 6261 J6Q 6I6aS6R
BIAAIBI &° 2RQJ A 600F 6y | AIES 89 FIUAIRIR Y JPAIRR 6ag |
QPR BIIAIGIER 6ERA CIGEIC URQ SR @QQ I° IJAIG] NG° 68RR CIGGIG
ARG FRIER IR QICF J6 AOQ | 6I6REER 6RFAE. ARR VIRER 2ARIIA IR GG

faq |
QIR :
adisase ggﬁ% @%%?@ @S}%ﬁ@ AN Bl S ?6226%?@%
eretyl c) (c) cc)  |(69669)| gy | gay
0
9
M
¥
8

gl : GIOAIRI QRIFl RIRERAITE. ARG SITF 6 @eQ |

Adelx :

PICFIBI QORI O66 ARRIR 6 CITr. JF @@ dIg &f da 691 @ Kl @6 64
QOEQIRIGR IR 86 GUNIE ANER GE 26, 0I0AIel Qf 986, AeQ 219 AN Je°
QUG RRER 6QGIIS 62IRIA| 6ORR AQB ...... 6QEEE 6I6RES 6QIR RSIT6S |
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ANSE - O

AR TS : 2R (AR ARIRG, )R ULE |
UIQEURIY QRS : @PRIR L/, GRRQ (OO0 fAm), QO FEPM
QNI QIAIYHS AQ1F : ARTRG TQ, Y6ITR IR IRRIRG,

QEEE : ARIRR TR IEATERIR Q| DG AT ARINR e @RI LR,
J9e 291 BATERIAR, 6ACR IRLINRINe 980 T1d 2 Ye° @8 dlie Ceef
(Con. H,S0,) @ QOZG6Q 921 & 9691ea Q69 @I /61 |

COOH COOH
AT 50, A0 CHg
| + (CH3C0)0 ———| j 1+ CH3COOH
\\{;," L O :

aeQl

8 gIF ARARG Fe e © AR A0 PLIRRINeR. OO0 AR KPeIm FILHER
@AY | 921N 9-N QLI Gl S9@IF] (Con. H,S0,) JRIRQI 62Q, Y2IQ ANVAER
F881 @QQ NQ° J6Q IR IR 0@ JIFER IR @Qg, FIJAIGI 90-90 °C FRIER
Qg 90 896 adie | Ffisidg e a8l AIB6R ARARS FRF 08 A8l A, 216
I 90 fiM 26 8l AR 6210 JIR| 2GR 60N IPLIN NG Q) AUSE KRR,
JRIN ROQ | @PRIM FILEQ JQI @QY]. 980 fR QR 8O Gifl @ g8 Qi
PPo @QQ 6AURE, 6326Q | U6 6226Q Ul A01d 696IdQ R1@ 666Q TR RER
Q. I 0, ARl 6206nd IR QR 986 JF8 ARQ | QLER TERPR FIRIAER
FPAA 809 8 PR FIFRR 6TIR, FRIER 913 65188 @ I8 @ | 56 6ATR
JRANR AR 6ITR Te 6° JISIQ QAP QUSIQ ASISIR I8 crystallize (QIR QIR
S)EASAY

oad :
QIR =8 QlIfl SRR =0MI-0M °C
BAR EER 2 SIRFl ARR| AACHR GUTH 62IRAN 6P 12| PCK QIEQ SR SRR IR QR |
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dNSE -

AR QA : FAUARIAQ VUG 6066 62 FI6QT6RS. 2R 6APAF 21R6TIG RS,
268 QI2IQ @Fll |

QAR FEY : QUBRS, T6UG (@R PER), BRIFRIM FI<h, QL RG]
QAR QAP KAV : 2RERIEFIR 2e] (HCI), FEIQM 2EQE:, 6PER RPN,

ARG : IR 2R FIEQS Sl APER FIR 2] A5 SIRESS RER, 9R AGIE TTARRQE]
(Nuetralisation) 624 |

(@) J62RI JQ6HUER, NaOH 9ol I8IN@1eQs] (Nuetralisation) 624 2l Na,CO, 6Q 2Rl
624 |

(9) 81969, Na,CO, 6596a J62@l dQ NaHCO, 62023, Jal J2re1aas 624 |

QAIYER 984l :

@)  NaOH+HCl— NaCl+H0
Na,CO, + HCl — NaCl + NaHCO,

i)  NaHCO, + HCl — NaCl + H,O + CO,

661 Qg :

AN @18 RO .M. dIP J6US. @8 60 IHPe IR IR QR | FERIRPIIRE Q@@ gl 2R
QAP RIOIR A8 KR 1 QISR HCI 2F] 66 QL1 QL1 & 60666QR 66 661IRId Q&P Il
PO IRAIREL, QIEACR EMSTIER 6@E! | G o AR T QIR FR CIRNES. @ |
U62RI 2R RBIR 6RLIRQ B I6. AldaY 6a66 (V,) Q2R 6 | BIC6Q FEiam 3698 9 &al
8611 6PQ HCI 2if] QIR S1R656. @9 6D606QM 06 2RG2IIGT RIRI IR 62R68 | 6P
AP Tl IRRIR 8. RIS | T62RI 2R AR 6RLIQ VTR QIR @R V, |
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QslIsRell
QU6QS A0R (AR) Ay (FR6R) el
QI 6| 661, S
OB @2 | Queas | QUERs. | Quees
el | UOR | goaeqy | corany | coeamy | GV, | )V
(FL.9) | [BR.(a) [FBR. (19[FBR. (2)
(b) (c)
1 QS
2
3 IO
4

LB.R. - J62@@I QUEQE, JOLEIRY
E.B.R. - 6518 QY66 JO@gImY

QIR [ @QIQ :

NaOH + % Na,CO, =V, (AR) HCI6QQIR @QUIIRES...

NaOH +Na,CO, =V, (AQ) HCI6QRIQ @QUIRES...

AR (€ ) Q ANPQE! (9) 6@ Q6LIG| @QE™

4Na,CO, =V, -V, (fiR) HCI6Q@IQ @QUdIR6e

Na,CO,=2(V,-V,) (@) HCI6QQIQ @QILIQ68

(?)

NaOH @ JSIf@ @@l @it @@ IR 26 2Igee = V,-2(V,-V, ) fia

Na,CO, @ 9QAI4! :
266 Q18] 64,

OO0 f@ N HCl = 8M Qi1 Na,CO,

¢ ARQ N HCl= 8/ 000 glifl Na,CO,

Q AR & (AN/I0 HCL = 5

2(V,-V,) f@ @ “A”N/10 HCI =

(9)

Na,CO, QlI¢1, 66 (A) N/10 69068 HCL @ £l el

53AX2(V,-V)

10000

6QI6IR @RI AP @IRIEQ O AMER X lIFl Na,CO, 268 |

QlIFl Na,CO,= X &I Na,CO,

PI626m OO0 fim 64I61R QALRIQ! AP @ERIER OO X ifl /MS'Q Na,CO, 268 |
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NaOH Q 964! :
2lse Q18] 64,
CO00 A ON HCI = YO glIft NaOH

Q ARQ ©N HCl =50/ OO0 Qlifl NaOH

© @ Q (A)N/10 HCL = NaOH
RO X ROOO

{V,2(V,-V,)} 8@ Q “A”N/10 HCI _SOAX {V,2 (VZ'VI)GJM NaOH=Y &Il NaOH
Jelele)
619R @RI AIF PARIER O ARER X GlIFt NaOH Y QliFl 2168 |

1626@ 6QI6IR GUNIRIIQ| AIF PER1 COO0 FARERQ OO0 Y Glifl /QRE'Q NaOH 268 |

69182l : SUTRIRIQ AP OO X GlIFIAS'R 621G AN RIS (Na,CO,) IR OO Y
QI RS'Q 6P 2IR6RIRIRG, (NaOH) 2168 |
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AANSE -9

AN MAY
JIFER 6066 IR 268 EDTA 600R0 Q21 @€ |

QAR GHY : QIERS, FPPRT (T6IG), 6@ 1P IR LI, AIIRI X, YRR 6RIOM

QAR QQYGe GAY :

(i) e G960 EDTAQQS]

(ii) NQB6RIA @RI-T go@ (EBT) [ 62104 -1 (1- 2106Q17 - 2 @IddIam 26R) -6-
PIREG! -2- @IEeM-4- IREPIBRS (1T)]

(iii) @CPQ @@€! (NH,C1 +NH,0H)

ARIQ@ | FEYVE! : AQEER 6Pl 6@ AF AAAIRG6R JIFQ VIQAC| KLICING | AIPE
Ca>, Mg”, AT, Fe’* &I Mn>* d6@ SIQLG| @@ 2Q | 606606Q6m SR AIF A6k AIQE,
(BRe 2, JIATE 2 @ 6/ER. 2] 6MES! 6@l CPYIG' 2 6L @ 611D Q81
JORL 699, 69606Q6R 6PEl Rln QII6Q 2l IR AI6eR IR FFAIR URl 2Q6SIY
QRIT, 620 UG VRRIES AP IR 2RI | A6l SI AR ARl Ca* /Mg JGa Ll
QUG 6202T (Ca/Mg - BR&, Ca/Mg - JFTH 2l Ca/Mg - 6@ 629) |

FIRYSIQ IR :

(@) A SIRYS| : A6 RURAAA, FAIBGAAF 2R QIR AN B FRRERIERS 2R
QRA2IQ FIEQBRS' d6m 6202 | AR FGI6M ARARIBIIERT QRN FIBRIERS &
2IR62 QN2 62RANG 2R B6m QAANT | IIFER PR 2l6a QLR @R QG |

(¢1) QI FIQYR| : AIHY @UIRALA, A6, QLI 2IQ @& QAN UIEK ASIIRIR]
6QQR2 NG IREISR gom 624 | QI SINLE| RS QI RASIYY IR 62AES CaCl,,
MgCl,, CaSO,8.6ll. SO,, FeSO,, AL(S0,), 20Ul | IIHQ SIQLGIER CaSO.Q AP AQAS]
RUEQ RIS @QULNE, CaSO,6@ AIPR QIR QBRI R IR RBIQ 21D B (Molecular
mass) @O0 2N 6RG | @ 8@ RIGI YAV 624, CaS0,9Q0IQ 64 AL 2N 6006 o
JIPES IF| ARIBAER Q2R AQUIRIRQR! |

QYRR ee

(i) 96 Gmae &% (PPM) : @GI6e JG FQRAe (10°) 2Pl JIP6Q el IRIIN
RI6QERR BRP BAIER 2RI VIS AU QYIS FRIAIREE, 211G, 10°2r8 AIGER 1 PPM =
CaCO, AR SIQAG| 65" NG |
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(i) 96 AR A (A.a)L) : 9616@ G6S Rea AF6Q dal FReA AYRIA AI6QIERSR
S QU6Q QTS @QULNG |
QG 6@ QBRI QGG 64 AN RIS € A.Qll/L =1 PPM

@G : EDTA Q 9106109 Q4l, 6060660 SIR1 AN, QIfeP AStIEm 06| 9ol @9d
25 SIS Q6@ (PH 8-10) 9Q SIS 61 980101 9@ 0166 9261 96Q | 26%IA IAB6RIAR
@@ - T (EBT), 9624 QI Q4160 BI0Q RIR9 9@ @1m2ll Q&F 620dd | 6006 §16590R
6818 @Q 2N |

QNG 9ol :
-H* -H* _HY
(i) H+ (Ind) *> H,(Indy <> HInd* <> Ind*
Wine red Blue Yellow Orange
(pH<7) (PH7-11)  (pH>11)
Gloe @m @ sl
e Ca’* - Ind Complex
(i) Z(\Jla - +HInd*«— |Mg’*- Ind Complex| {1+
Unstable
(wine red)

(@@ 29e1) (P1R)

Ca’* - Ind Complex
(i) Mg**- Ind Complex
Unstable
(wine red)

Ca- EDTA Complex
+Na,H,"Y <« |Mg"-EDTA Complex +H Ind*+ H*
(Stable )

2R (B9 QIR )

6 fQf :

(0) aaid sIRQeiq Adq :

OO M 6RIPRIR I & 90 fR SIRG INP PER| QRERIER §211 9 fm QTP QQE]
IR 9-NQRI BRI QR - TIOR QISR 8112 | B1'd6Q QUERGER &l M/100 EDTA QQ6]
JI6SP ERIPRIM PR QSR CIRESS. AR, BLIEBTEAM G@ 6618 Q6N Q& BIRE RN
PR QEFER PR AR, @ AIPR Q ARG IO JIRAIR 6, FINETS, JRIER UIP &2 |
2IGeR V,ml62Q16@ G2 |
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qsle@etl R
3 a2 62dal G QIS 0L (M)

gg;if@ PERICRAT (m) JERR QUERS. |  6IF QIERS, (ggcg%) QY

dORERY (IBR) | Q09gRY (FBR)

O distiQlg
09
oM FOIG
oY

(i) 21 2IQ YIY FIRQS| FEQ : 65 99 FaRQ6Q 980 FR JQ AP AL 52 2R
QI9 © Q< 6@ UBR TSR (606060R B 9Q QRN IERIERS 2QAENY CaCO,+Mg(OH),
6Q PIR 62R68) | &8l @Q 2R 980 FiR AR IR 8161 G2 IR L6 02 OR H2 |
QR AAEIR YO AR 92 2R 2GR 6@ES! AAIR QIR 2IGEe A | 6QRIR 620gQl EDTAR

e dIR @6 gLl SIQAC! A6eR AR | ALER V, Am 629 |

od SIRCeIQ Y9 JIRAGIER G64lel @8 Al SIS QIR fQIANG |

QSlERE 9
@2l 620l AP QIEQG AOR (Fig)
AERSEI| PERIQ ARAIS BTG,
<A JE2R| QUERS' ESI8 QUG ~A FlaQy
oral (@) \ L | (BR6R)
JdOLERY (IBR) | 9090 (FBR)
Oe° QIS
09
oM rele
oY

[55]



J6LICSIR| G366 S1R! / LABORATORY MANUAL

QIR [ @QIQ :

6A1Ie AR :

000 f@ ©M EDTA = OO glIfl CaCO,

¢ fime @M EDTA = ROO &gl CaCO,

¢ & @ “a”M/100 EDTA = “a” £gll CaCO,

V,ml “a” M/100 EDTA="a" V, §igll CaCO, =CaCO, Q “A” &qll
6@ YO fim @0 @RI = “A” 6l CaCo, 268 |

A A A ~ A A .
ROCOAm @ @ MR AP PARIBR = —= XROOC0 =98 Aflll / MEQ 98 “A” OTA
6616’ SIQAG! AI21A CaCO, @ A1 FRANLE| @A6Q Q268 |

J SIS

¢ @ Q “a” M/100 EDTA =“a” 8¢l CaCO,

V,ml “a” M/100 EDTA =“a” V,£lgll CaCO, =CaCO, @ “B” fiqll

NEQ YO fm &6 AIP @RI6e = “B” gl CaCo,

QOO0 fiR @Rl € REQ XS AP PARIBR = % X000 =98 B gl | Re'
= 98 “B” dd\A IR0 6098 @ CaCO, @ AR SNY| @6Q Q268 |

604 AN SIQAG! (25A-25B) A Q6% QAR 6406 @ CaCO,Q AIRe S| 2AI6Q
QE68 |

6sIg@al : 92 62IRAQ| AIP PERIER 641G SRR 25A ppm, I SIQAB| 25B ppm IR
(25A-25B) ppm Y SIQAC| QEE68 64@6' 66 CaCO,R AR SIS 2AI6Q Q262 |
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AANSE - q

AQVEQ R : PR, 130, (Acid) 6QRIR 8 6TITIATA ATIEIERS. (KMNO,) @
AIPAINRQE] (Standardisation) @QUTS! |

QRN GRY : QUERS, T6LS, 6@ PR IM LI
Qe IS QIFIYGS AQIE : KMnO, 2061, 2gIRa, 30, (N/10), 29190 6I9aIf] (DilH,SO,)

ARIQ : 6UIGITYL ARANIEFIERS GJ6S QEIR @Q6! (secondary solution) 2N @ NG
RIER AR IFR 2RI ING Q ARG &9, 602 696 1LN IQAIGFIERS 66 QURPERE |
LJIRIORIG 6QI'1RGN AL IERCR AIPRSAS! (strength)® 1@ 6@E AL & @IG
RIF IR 01l Q62 | 66¢], IRFIFIERS QRGN IE ABIR 6QRIR 2GR PLC FRUTN |
60IG1ALA IRAIEPIBRS. 2T ARIABR GJES SIBSIRT @I (oxidising agent) QIEQ
A @Y, 63X RIG REIER AR A QVGeg S0 - 90°C 6Q AR 2gIma,
90 QIGIR GJ6%' AR (reducing agent) GQRER SIRNESS. ARQALRIIQR! | S'IRESAR,
2I0IQ) S1RSIR1 C-C A2QURNR QOP6R AR RIS 2QINE YIe6e R @RI |
dea Ll IAYEQ MnO* 6@ Mn* 6@ ARG 6210 2Ia 2R IE6@E. 2IgRgea CO,6a
RIQG 6291 @ FIRESARY, 6AIS RN AQAIRIERS GJ6s P-9oe (self-indicator)
REQ RIF AT PIRE AP IQ AREPLR, IR QARIQIR W A 6@ @ AARIQIR
SAG1 268 (Mn*7) 661IRIA1 Q&PQ 2l Mn2* QIS FARIAER QEFRIR) | S1R659R AAE)
69I6'1ALA ARAIGFIERS,, 2RInE Qe QIR ALIQG 2@ QEMYIR AlRFIRIQ SIKed
QORQ 2R 6IEFEAER IRl AR I0e 6QRIR 6929 6I6EEQEM KMNO, @ 9J66' 200@
QL QREIER BOIRIT QFPFER QAR 604, 6URG CINESIPR 6818 @Q 2N |

MnO,QIQI90e geaql :
[MnO, +8H" + 5¢ —» Mn** +4 H, O] x 2
[C,0,” —2CO, +2¢e]x 5
2MnO,+5C,0,> +16 H* — 2 Mn* +8 H,0 + 10 CO,

6RQ Qg :
980 fm 6RIPRIR LI RO Am N/10 2QIm@ e, T696. @ | 2l 65'/MNQ 2Q1QE
QIR R Qe 2R $O-90° 64N 06 SIRf @9 | FIJER, QQIER I QI
60IRICT Q&P IRRQIQ @, KMNO,2@61 Q66 510666 @ | AR e ANRIQ 0@ 6 IR6SIR,
QR AR Q|
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olellems!| <

QRS 0P (

BB,

adie@sdl|  N/102QIRe. -
U6ARIQERS. | 69 EA6Q)

2R 2A0eP - F
cPe| el Q0RgRY (IBR) | Co9gmY (FBR)

QY

0e QIS

o9

o 22

oy

AR :

26 K198 641, S.V, = S,V,

600%, 2QIm@ NG (N/10) @ AIP@SAG! §1a
V, = 2QIRe 2R, IQAI8 (RO FR)

S, =KMnO, @ Ale@SAe| §1@

V, = KMnO, @ 95111 §1% 62068

Slx\/1
: \Y

2

6818Rel : GIQIRIQ! 6AIS' AN QA IERTR AR SAC! GG ..eeeeeeee N QI2IQMI |
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dNNSE -

ANV AV : AIPEYE 6QIG1AAF AQFNFFIERS 6RAR AG 6F12Q REE 6XQQ
219 (6R12) [FeSO, (NH,), SO,.6H,0]) 6063 268 Q1210 @UIQ! |

QRN KAY 1 QIEAG, FPEPR], ERIPRIR X/, AR, Alde IREQ, BRI 6QIER,
E5 MR |

QQRIQ1 QIAINAEG FAE : (i) 6A1I2QQ R8I 2QE, (i) KMnO, @14, (i) 29198 H,S0,

dRI@ : 61I2QQ RSl QLR gl 6P IR AQENS] 211K ARINER 62IS1TAA
JRAFIERC. 2Q6l AQVER FINELG° QIR QIR @RQULND | @, 6QISITAN
JQANGFIBRG G6S AF-90a QI6Q @IF @@ | Il 2IRE! CIRIA Q&P 6QIGIEM
6518 QQ QIRIQ AQUANT | JERL ALY Fe* QIQG 2@ Fe* 6@ 2R MnO,-
QRAC 62N Mn? 6@ Q@M NG |

QQAYEe geRA! :
[MnO,+8H" + Se—» Mn*' + 4 H,0]
[Fe* — Fe** +e]x 5
2 MnO4'vL S5Fe**+8 H — 2 Mn?*"+5Fe*"+4 HZO
R AQE :

QUL 6712 RS QIR L0 f TETS @Q QBT 980 FR 601PR IR PR QB! |
2RI 6S'RGYR 2Q1QE IRLIRR 27 AR 2R YN 2R 661RIN Q6F AR o0 KMnO,
Q6 QQAER FIREST AR | AP G VRN Of TIRESAR QIRRIR @A |
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cléliemel

QIR Q4605 C0@ (
adieess|  6A12Q Rl
ey | @eanadae | IEmIeises | 64

1B,
S (FQ6ER)

Q0egRY (IBR) | doeamy (FBR)

QY

OAN

QIS

o9

O

oy

22

QIR | RQIQ :
6120Q RS 24 QIR QUQLE KMNO, 2IIKee =V ml

RO0O0 fi@ © NKMnO, = 88.I ¥ gll.fl Fe

. 8.

X 881" X

—— KMnO, @ Vml=———xVx —— qll.&1 Fe = "A"Qll.¢1 Fe
RO ROOO RO

664 CO iR 67120 RS 2B “A” GIl.E1 Fe 24 |

QOO0 iR 64IGlIR GAINIRARQ 6FI2Q RET Q€Y OO A Gll.A. /RS Fe aQ |

e8Ig@el: 2RI 6AI2Q QLR <...... Qe /RS Fe 268 |
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AANSS1 -8

AAVEIQ R : FUILYIRIRQ| V1P PEPI6R QARG R PR TQLS 6REE TS QLI
AQUDI |

QRN GOV 1 QUBAG, VAR 6QIFM (SO0 AR), AR RS (980 FR), 6596
QUQ |

QQRIQ1 QIAYHE HAS : (i) AIFFIRY IRCPS Q6 (ST %), (i) IneIRIae 601613
2I6IPIRG Q@4 (i) 2Q1RG IRTIGR 30, (iv) ARG 621G AIEIARETS QQE]
2R (v) 904 90 |G Qd! |

3RIQ : QAIER 2RIP 62668 IR JEINAIR Q66 JRATE IRAIR | 96 PR QI 6@
J0IQ 926 @106 RIE 9RRIR ZERIPR ARFIK | ARINEIGE 62108 BIAFIRIR 96 A
AR A I R 29190 2LRIe 29 | 29190 2R IPR FLd Qa8 AINRS RIG AR
629 RI0E! 96 ATRREIEE FN LTINS | TFPER QRIPE 2R IR BRROR JOG QIR QLI
RQUINA | AIFEQ QR1QE AR P QIR 6V DY 2RISR @18 IRL (oxidation
process) QUEQ ARIQG, 2N | 6616756 ARG (BFRR) @ 24 Q6 ARIISG 69
SV FRIFER, QPG 2R D Mn2'Q M@ @100 @68, 60061 2K FIRINER 2I6R 199,
60 @ 2GRN Q106 RRIER AR KER | @ 62IR2R1 26T IRFIKIER Alee
6QAGLIA JIBLAREPS Q6 GQRER QESIRIE RN |

60694 JIHER @A1QE 2RI e 2QYBR &9 6AYAMIG 06 621G IR IR IRS,
Q41 B IGR L @RRQIQ AP Plx €9, 634 6dI6'1D9N 6P IRS (KI) IR RIS
GOER IR PRI R ZNRIP QL@ (FIRE @ AR IRY 2I062IRIRG) 6QRIRAQUANI |

2KOH +MnSO, ~ Mn(OH), + K SO,

2Mn(OH), + O, 2MnO(OH),
RERIe Qee)  (6FRe AIEFIPR QR

MnO(OH), + H,SO,  MnSO, +2H,0+ [O]

(eadISIe 2NR1)
2KI + H,S0,+ [O] K,SO, + H,0 +1,
2Na,S,0,+1, 2Nal + Na,S,0,

QUG+, —> VO, 26APIRe 6160 (1R Q)
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6@ Qg :

Qe JIg RO AR SRR 816 980 fiR dIf QAL @@ 6QIBRER &2 | (6689 A
Aee Trasea 2AQIR PIRQ!) | 302 8 IR AIFINY IRETS QRS 2R 8I'J6Q & fm
SN 6416199 2R I0S 28R TEUG' AIRINER IRl U6 §2 64 QIS PR I8
PEM M QIEQ AERE 624 | (SIRN @86 KI 621046 2ie 09 89, 6806 @ug6 gl
606080 @ Ieaa J6 $9, 6J06 1 60I6AAN 2R RS, (KI) § 26PR A8 AR IAIR|
&q) 181I'd6Q AR A0aG| IRSIE ARQIQ RIG 62 1PMER 26PR R ER-QIR AR 2R
6106 26886 (precipitate) @8 AFS Q1T I 62166 G2UIANG 161'd6Q N HR Q1S
H,S0,8 2Qd6@ Q21 QL1 @& ASIKING 60R6QR OF 26 S8 QQ1P0 PIR 620, RS IEQ
UIER GES YR NG QEPQ @RS TRIP @RR! | ZIRAIRT BB § RS Rl 9QEER 2NINER 6! |
GI'IBQ, 90 fiR QdEe J6US @ 2R QIERER FIPe (standard) 6B PBAMEFS,
QQE! AP QGIER GRS AR | 6IEBEQEM QAR AR, Q26 YRR 200l (PG QISR
Q&) 620!, 69666Q6Mm © fim A4 J90 |I6 9oa FSIR 2ia PIR Q& @R QIR 66,

FIR6LLR K1 Q6! |
Sglis@el

Aeess|  ab PR R

A BRI QHERE 6518 QUERG! O QY
QP& 2000 (BR) =TT =TT (6Q)

O ISt

o9

oM Tole

oy
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QIR [ @QIQ :

eO00 AR © N Na,S,0, 294 = I gif 2A9R1e

27273

¢ i@ © NNa,S,0,@@é = I £.91A 2eRle

V&R “aN/10” Na,S,0, 206l = %V 2RI 7.9l

90 FR AF6R ——%V A.AA.QIA 2eRle & |
000

fm avea LYZ x 9(9380 .910/Ae9 2aRie ad
= “A” .919/QR6'Q e e
=R IP% “A” ppm

es19@el : QAR TIP PERIE QRIYG AR PR IQEVE. ... ppmM &N |
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NSNS -9
AR QAN : GULAIRIQ GG* VIQPNER 6RES 6@ QR U6 QIR IQ @QAULTQ |

QRIQ1 KRS : QUG FRPR], ERIFRIRR XL, @0 dIg, AlId IRSR, IR
6QIOM |

QRN QYR FAE : O VRPN QQEI KI(C 0%) @Qé], 214 (dilute) 26T TR,
N/ QO 621G SlIBIRETS Q6 VIS IO |

4RI : 9O KPR QY6 O QIRIGRISIR 606 IR FiS 6QIc IR IR KQIee AT |
QO AR KRR ISR @1 21RETIERINA 2F (HOCL) 2R QI21gel Joasia (na-
scent) 2R 1@ 646/ 62020 | 961 65 9@8IR1 QIae (oxidizing agent) 2R 2 IREGIELHTR.
(QREQSE 2R 2GR 651581 KRR SFB1) IRER 2N |

QG° ARPRQ YRR QIR 2R 6800 ARSI ATER FeR Fed | AUNT 60/QP
JoSIo6m g6 €162 26l Q6P AIRERER QIE] (2R609R) Ml IR 6qI0ea ARSI UER
JQEING RQULIRAIRG | 69YRIGI QIR 6 QPR GGG 6066 2kie, 6° QPR
QJERA 666 B | DG OGP AREAER DI} § 9% 6R10@ 22 6RRE J6S' O IR Q6P
JIRPNERN QIR 6QIPR FlIG NE-MNI % R | IR QS 6210 @6 TIRGQ UIER U6
QSR 629 2ie QUMAA 6 IRS 2R AURICN 666N QOMAING | 6Q2MIG QAL
IRQIRQ AIEH® AINR 600 JGSIB @ @AAING |

6 CaOCl, —» 5 CaCl, + Ca(CIO,),
Qe :

JIPER @ 62QIR 6R10%, K12 dER @1 28GR QJ6Q £@ 629 | @ (1@ 62102
2GR WOR JOR AR QIR AR 6APAF AIFAIREFER 66 FIPR (standard) Q€]
AQEER SIRESE ARG |

QAR goRQl :

CaOCL,+H,0 — Ca(OH),+Cl,
Cl, +H,0 — HCI + HOCI
CaOCL+2KI+2CH,COOH — CaCl, +2CH,COOK+H,0+1,
1+ Na,S,0, = 2 Nal + Na S,0,

1+ Starch — Starch Iodide complex (Blue colour)
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6621 @l :

980 AR 60PN XN 6AIFIR YULIRIRQ! QG° VIR QREIQ O fm J6AS @ |
08 fm 0% KI QQél 2In O AR @14 (diluted) 2I6QG QY Q@41 Sl | 6@ 1P Im
PR B0, G4 996 6dIPIR B2 96° AR B HRG IR Qg | % HPG 6 fa
2I6QIG @ WSIE 21R6 (hypo) 2Q€l 92 SIREES AR 69LdR AT 2IR@ 282 Q&P
219Q11 9 @ N Q9! VO goe SR 2R QAR QRS 62QIR 8%, SIAETIR aQ, 12|
62Q68 6918 QL | FINESS IRIR UIQ @21 AP IRY JIRQIR RIS QUEQIR A GH9
I RUQE @Q |

clellemell =

QAR QIEQG AOR (Fig)

AEQ S PR
e CaOCl,2@¢lx | geaniqueas' 6515 QERG! ey | e

2900 ((R) | coegmy (IBR) | doegmy (FBR)

0e QIS

o9

O ol

oy

QIR | RQIQ :
QS IR QQEIR e = RO GF [ AR
SIRESS. IR = X A
26 QIPG 65 :
OO0 fim @ N Na,S,0, = M8.8 Qif 6Q1Qx,
e @ @ N Na,S,0, @Qél = O.0MNS QliF 6980,
¢ 8@ “aN/10" Na,S,0, = O.0M8 a Qif 6g1QR,

X @ “aN/10" Na,S,0, = 0.0M8 aX £.971 6qI18e,
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6@ @ZIDIRZRQI RO fm G6° IR @Q61g O.00ME aX gl 690w 26E |

—~

QLR OO0 FiR G6° AR 2RI (O.00ME ax /9§ x CO00) =A Gl 610X,
aal

QIR 691 Y% :

RO glift CaOCl, 2Q€1g AQlIFl QIR 641 26

OO glifl CaOCl, @€1g RO AQIFl QIR 60 268

aad : SRR §F AR QRS ... 00N 66100 268 |
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QNSNS -2

AQBEIN AR : Q@ VURER EREG QUIRIAN 2I6L Q2R @RI |
QRN HAY 1 QIERG!, IEAT, 60 1P IR /< |

QRN QAR GV : KMnO, 2R¢1, AIa 2lipima 9, (N/10), [ % AR 2aitms.
Q@Qé1, NH,Cl, 268152 |

IR : 9P VR IRGS AURINA RIBERRSE SI06 6nae AF ORFISIR FUEERICH AEa KRS
g3 1 60 6RINIRG 62668 FUIRITN RIRIERS 2R AUIEERTA RIERIERER Q6S ATBRRY
660 | R 6EIRgPIR ARIRSIGE 6D, 2IRFROL, Snae (Fe GaI F80) 2lia 66@ Jeida
g IR 92 @86 624 | ¢l AGPINER Q2 Telia Sin J6QI6 268 2R SRR GEIeal
2R g6S' FER QIEIRYR 9620 AIT RBIQ QAYREG| CaCO,, MgCO, 2R QOZG 2RUIeY
QUIRIRQ IR OER PO AR | 692R AIF 2B F6gNE JI0ES 2Iasa 624 |
QARG QP AR VLR LIRERIERINER ANFR QIR @QUINL 2R 2IBAIP2 RS
Qim0 @ AP ARIEMG QURLIQ @R 2QEIEQ JQ| AYIRALAER 2gI6mS,
QR AQEESITE 624 | RIIRmI VER 2REEITE @UIRIF 2RIEmE. 66 @1 RIS,
136,92 95E AQIDND 2R £ 62020 IR 2R IR, 906 PR AR KMnO, Q4!
66 SIRESS. AQUAND | FIREEAL RIS @R IQ KMNO, 21699, @ 6166 A da
AUIRIAFR AR 8910 RQUARAIR! |

1 mlof 1 NKMnO, =0.020 gm of Ca
I mlof I NKMnO, =0.028 gm CaO

I mlof I NKMnO, =0.050 gm of CaCO,

QAR Rl :

CaCO+2HCI — CaCl,+H,0 + CO,,
CaCl, + (NH,),C,0, — CaC,0, +2NH,CI
CaC,0, + H,SO, — CaSO, + H,C,0,
2KMnO, + 3H,80, — K,SO, + 2MnSO,+5[0] + 3H,0

5H,C,0,+ 5[0] — 5H,0 + 10CO,
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661 QI :

QJES GRRBR © Gl QF dERtn A0 LIEQ BRe @R 2R SIdie N6 QALY AR WG]
QG660 27 @QUL HCI 92 QESIRIR @Q 16@6e 6081 CO, 0MIY 206IE6Q QIR0 RI6l @Q€! 9%
PR, 6AUARIT G66 QAIRIR A1 & 6T IR QY 1 9Q QP TR ARIPE 62| T6Q QAR IR
RIS AIEIE YRR 69x QIR 62 FSII2 | BITERQ 2CAIFLIER FSInaQ QQ8IER SN @R |
GIJEQ € QI AP 6902 (NH,CI) Fi81I2 2R @416 2096 6210 o@ FSIIZ | Hgé]
RO 2RIR| RANSIR I % ICAIBLAN 2IFIERS. 2R€IER 2R QIR0 A1) | 9 12106Q 2Q8I6R PSR
e QUIRALIA 2R 6mS. 2RESISER Ia 62Q16@ G2 | 9% QQILER IS @616 QIR ARG @R,
61 2R 2RIEMG. 2R (69 QIR @6 AGNO, 2R 2 6mS. MGl SR NATEMES'E Q1L
KMnO, 92 Co1S8l Q) e @12 62Q1Q 60, @F| BAIRIN 21621900 I8 e JIee IR 92
UQESIV6@ 2@ AQ Y @2 | FHIBRGN QIRIQ RRAIQ MG R PREEISER FQSE KR | QR IR
626m, FHIBEROFES AHIBGRTN JIRERQUPAEIS Q6 QRIQ AR |

PEPR CEM QBT 2Rl RRER 1 2R BN R IR SRl RIS ERGER QQIEE A0
@Gl PRREAAQY 90 Q 98 FR BN H,SO, 6@ Fis1IRl | @ 96 aag 2l @RI 2QIEms,
UQEAEIBR @ QARG @ABAT | RIS @I61R 6@ AIER IS Y@ @2 2lIa 69@ LRIl A1 @ QAR
QRQE P2 AR | R QREBR AANEITR QU 980 FR AId PR IR IR @R, 2 Q6N G2
Or JIPe JI& 69 2Ia 2460 G QIR FSIIRIT 98 fim 2QdE@ g6%' 6RIPRIN IR H,
6926Q €O fim Q1L H,S0, s @Q @@dI6@ Qi) 20 °C & 6106 @Q IR Alee KMnO, Q]
(Q121 96 FELMI AR 2igine e 2Qé 926 AIR@IRRE @QUIRIRI) JER SIRESC @R |

cIelIeREt! :
QUERG. JOL (FiM)
AHeRed|  2QIme a0, . — o | e
gy | eeseaqag | dEmISR 6689685, | 5asq)

OAN

o9

O

oy
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AARRR :

P2IUIRIRQ VR Be@ = © GIL.A

JY6 2 IA@ NP0 Q€I IR = 9 8O A.Mm.

J60Ym S'IREEIR MG PRI AR IRa ARSI = 98 @,
KMnO, @Q€IQ 2lIiee = X ml

KMnO, Q AlI®@IRE! :

98 @ N/RO 2gima e = 98 A.R. N/RO KMnO, 214
ARSI KMNnO, @ F1lp@ N/RO

6Q, 2I6F1 RIPG 69

¢ @ © NKMnO,=0.09 ¢l Ca

¢ C.NEA@ N/ROKMnO,= 0.09 xXx /RO gl.flCa
60¢], 98 fIR @81 ©.09 x X QlIFl Ca dd

980 AR Q818 O.09 x X qlifl Ca gd

6@, € QlIN dERg 0.09 x Xqlifl Ca2leg

R 00 Glifl §&ie TRIFlgl 0.09 x X x 00 Gl &d = x¢ll.fl Ca

%aligg dalCa=Mr.9%= ¢ 9.8% CaCoO,

A9 : HUNRRI QP DERER x % CaQRBm! |
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AANSSI -

AQVEIR QA : 6TIPF-AIBSQ LI AN AURRE AL IR H R 66RR T|Q L RI2IQ
@

QQRI1 R : 60PF-FI66PR 00 @ T INL QARRE!, 6AINER, AIR RS, LV
QaQ) |

QR QAIYER FES : HUIRIQ R PR

dRIQ : 60N LI ALER AQR KA PITAIZ] QIEE IRATE @QIAING 609I6R @ QI
604, 68@ Jee 6P ASIAR Q66 QARSI 68 IR @Y 2R Jlems Sist A6
ROEM ZBRINR PR 663 | Q H2In HU06R 2FRIRRIQ RN HRRIR 6ORR 2RG| ATITER
do@| 624 |

2FRRQ 626168 9Q0IQ A FITAIRI 6IR0IER 65m QIR AL Q1Y QRANT, 2R IR
IE%’ FITRQ GES FISK GRIR @R | 6D606Q6M Jlnms! Si6t Aisee FSIS! AlsiEe IRIANG
QG| AGRER & 660S QUG @WA |

FIQ @R 66N LRG| JRAR GJ6%' VA 624 6QYSRIG QIR ARG @RI QEIRIR
RIG IR PR QUBLICN 68RR 5] A QIR F/Q @Q0IQ, I ¥O° 2ie| | gJ6S
RAERLR QLI IR TR FQIE AAYE 26 GUQ AQRER IS IR @QQ |
607 FIESQ @0 Y AUNRE 6QRIR AR T/ 2R 25 09 Q1218 ARITIRAICS! |

601 Al :
LURREIER @TIKINER| @6 @RIKIRER] 66 RIR| 92 | @Indl B FAER @ A 2R
6T RPIR RIGI6R Q6 | 68QUGR IR JSIRIER Q! A WA AR 6 ©
AESEQ QIR DT € °C @LAR! | JIRMS. 26Ee 9RIRQI 26 6! 2R RCIEQR U]
2 QIUR L1 Q61 | QRS SISl @R IR QS | 2IQAIDE I ONE VIR IQ RIS DG & °C
AQUIRE AIDR PRIPR H2 | 6ORER & °C 2R A2 8| 62QIER &2 IR I NI
JRRIQEN CITAIRIE IRYR € °CQE LR AL PRICPR G2l | FIY62MI J6R, BIOAIGIER
L) 8 °C 2| QLRI 6@ G2 2R FI0F ROQIQ QL AR | RGIFR 2BAUR AL EONER S
6RQIER G2 R YG © °CRIAIRI @F AL AR PRICPH P2 6LRERM OR 6aQ I
PIR @ | 1Y 62021 AQVIR. @A GIIAIGI 68RQ FIQ 89 604 |
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qSlieRsl : OR (AQAIGE CFIY NG QIF AU6Qa¢l)

< — —
dAYeQAE QeI | QUAAIRI QF (8°eQld Q@) ey
1
2
3
4
5
6
7
8
9
10
Thermomeler
Pilat burnor
Shutter cortrol
Flame test bumer
Opening
""""""" Qil levei ponter
Stirrer bladas -I‘ L EEEEY 5 /}l .} <— Stirar
: B e Cr o ‘.—r‘-'-",-'T'-"-"“-"- Oil cup
N
|
i E*— Stand
I —
IRl OR : 690G, aleeeR T 9N Q@ ReEl
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qlélienst : 09 (CFIQ aNg H¢Q)

el | IRl (@ °C) el | QIaaIRl (R °C)
adicesal  qfqal | TN ladieesd qfqe | O

1 1

2 2

3 3

4 4

5 5

6 6

7 7

8 8

9 9

10 10
oad :
APQIRIQI 60PN LI @Q 62AER °C= °F | S2AILIRIQ| 60RR 2G| @9,
62068 °C = °F |
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AANSS1 -

AR RAY : QPG FLERIFCR MUQLIQ AR GBS RACAS® 6OM 6R6E 0lle QG
QRIRNQATA! |

QRN RAY : 6200E LLERIFCR, PRI, /RUGIS,
QAR QAIYEE AN : RLENC 6OM

ARIQ : C62AT 62068 FJ6T FAR QIR G4 JI2IQ AIF AGIR Je6a JG6akl @ed |
6AIRIRE QG G0 TR 2IGURNE YGERRIR G5 AIIK IR QB IR P ARIREISS
RAEERE 60M 65660 ARITN | AR IR RFERE° 66ma 9901R IR 68, A 1R
QG oM R JI2IR GBS QARG @ IF @RI YEP IR QIRIQ @ |

692 6003 QIIAIEY 60X Jr ARG GJ6G Eadn PR FARIAY 6ERR I I
A1d QI2IQ @QIANG | ARIREIGS Fllee IRJGER GES FIee JRAINIR 6adia ARIFEY
Q66 PER VRAINIR 60R FOR BRE B8R JQEE 62Q1Q AT RIGEIR AR AT
QIRIQ @QUANT | 69nR QG| AId QU6 6ERIQ 62| ATRREIER LEAIATR
QR2IANT | 600600, QEIATR ARIQEIFS ALFETR IARER Q6L Q6 AR IR
R RQERG" 60ne ARG AIY QIS 6QQIR 694 |

de 89I6@, 6a0ae AAERIFTR Qal oar dolda Atd e 66e ALl QIRIR

QAURCRRI T (g - P
t

el A0l =

Absolute Viscosity B
=0ot- —
P t

QIGe AIRA| (V)=

6aR0I6R,

V =6Q46RIQEQ 66 516 A0 |

T= 60dial FARIFER JOIE6 60RQ e FEN JQAIS RIF 696096 JQI2 AAL
p =60RR UPQ

o NG° 6208 Ja g

o NG° Q IR g B6R D2IIRER
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SO IR RIGI I QAL 6ACREER a B
N¥-000 0.00260 0.00260
00 Q ke 0.00247 0.00247

RGN 6ALERIG LATER CEIRI @QUANE |

o

» Thermometer

—s Holder Cup .

) Y » Stirrer Handle

\

Qil Level Pointer

Vil

T
W/l

» Stirrer
» HMeating Coil
» Heating Bath
- Qil Cup

=t
(AL ANTATS AR i\ S

il

E .

LHELL R LT
RRNRE
TERETARAY
= LLLRAR AHREY

- Water Outlet
M\\_'- Valve Rod

!)

i \\——» Agate Jel

It > Flask

o e o o =

%) @ Levellings Screw

60Q1 Qf

E0M RUER 60M 62| 2IFIQ FEIG R 64 6om @e| AP 2R g6l 2R 2R 60w Il
QUG ATIRIRER 600D QI RIRE | 6adIn IR 0L AR 2R AJGIER IR IR O 6N
PRI IR AR 1 IR QUIBRGER SIF JIE GQ, JIRIER 60MR AR MG Y o
QPRI MG A RQULRIIRR 6AR0IER FlId @ERQI6R 2R | 66M 6RION AIRIAE OQEG
62Q1 AAEQ VLRI I @Q 2R F6@ QSRR A6 612 I O, §O AR
60R YD 6201 AFIER 6ICALER 6 AR | 6aTRIR A0 §Q, AP 6O QIR 6OR
RUER ERVR 92| O ZIREER BR, FTIRF AR 6N A TIL) € O-08°C (RO CQ
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@6 Q6D) ORI ZIA FI0R 6RIRRAIQ TR O 8.0 FIR 600 TR 62RI 60 6960
RI0AIR 2R 2RQA A 600G AR | G| B FIAFAIRIER AId QIR AR A | G
FIIAIGIY 60 FG0IG AL SEIRI AR IR FIJAIG] 2R 65RA 616616 JQG| BRER S
QICP QRIP| | 6T6REE 6R000 QB! BB 212 IR IRY AEAIS AR |

olelliemell <

aeaml 6518 R CIoe QG|

AT | Giria | errie | elonigr | 999 | 29| B feogsmiq)
ety (o) (o) (o) |(69688)| aRy | g

&

glIer : IR ARIA FIRERAITR ARG QI QLI |

eoldaell :

BICFIRI ARIF SIEQ ARG IR G6S SICF 6 AL IR A AIRARIR @ SIR 69ICF @R JFIKl fed 64
Q06RIRIP IR IR A2 FUNIG RIER FHS 2Eie, A1l 9RLIN 22, G| RFE 2R GORIe
QR 6IGIE1 6210 66RQ AQT ...... 6RORG, 6I6RE 6QIR REITGA |
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ANSE - O

QIR QA : YIFRR (MEATR INIQR NTQ) @RI |
QAR HOY : AERIR LI, SRR (OO AR), QLR LEPM
QRN QYR GO : JRIANR TR, 6ATR NP RS INS,

ARIQ : YRIRR LR NELCERIR AR AEHL EATM ARG LR & 2ILER 2R
624 | 6YCEMAR NEACHR P2 IRRING A2 YNE 624 2R @& 6lIR Se@IF] (Con. H,SO,)
QAILGE @G Q6% I6RQUOR RUER @A KR |

COOH COOH
AT 50, A0 CHg
| + (CH3CO)0 ——|] j 1+ CHaCOOH
\\{;," L O i
6031 Qg :

8 QIN ARIAR@ DR NG 9 R YR P20 IREER 00 AR AERIM /R &2 |
QIR 9-M QLI Glie S9aIE] (Con. H,S0,) dRIZl, Q0166 QIRVIER A1l 2 G J6Q
FILER GBS AP VIBE IR KR, BITAIBI 9O-90 °C FREQ RGRE 9O FRG 6R Q8! |
AI8166 66 88 AR 2RARG gRe a6 ddl 6, ABIQ AIg 90 iR 216 88l ar o
6931 2603 IR NPRINRING 66 AU ROQIER AR ARQ! | P IM Pl 2ol
QQUER 980 R §aQE 8O GIFl QAP S QSR IR a9, 6IRIR, 698 Al Rl AQ1E
6081 @IR AN, IR DER VRER G4 Q0. A 686 IR QI 92 ATE 6 1 QERR,
FPERRARINY FRR @R 2R FRR RIFRR 6 IR QEER ARR @R Il @R | QI2 1R
IEAER RN Ae6R 635 AR 2lia ISR QAR QIR ASKIR) IR 2I6Q: crystallize
(@RI Q) @A

es1a@el :

e =8 gllfl  JREYIP =CM-Mo °C

I6AER TR 2] 0IRFl KRR A GUTE 62IRANE 2R S| UL QISR DR TRRIR 01
o661 |
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