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GENERAL INSTRUCTIONS

Keep your working table clean/ tidy/organized.

Keep the apparatus scrupulously clean.

Keep the reagents in their proper places after use. Do not alter their
position.

Do not contaminate the reagents.

Keep gas taps and water taps closed when not in use.

Use either spirit lamp or candle to light the burner. Do not use paper
torches.

Do not throw any waste paper /litmus paper etc. into the sink. Throw them
into the dust bin.

Do not pour concentrated acids into the sink. If they are to be poured, flush
them with water (liberally).

To be a better analyst, understand the theory of the experiments you
conduct.

Record your observations as and when you proceed (and not after

completion) in a note book and keep it away from reagents and sink.




INSTRUCTIONS FOR VOLUMETRIC ANALYSIS

BURETTE

1.

2.

Wash the burette with tap water and then rinse with distilled water.

Rinse burette with a small quantity of the solution to be taken in burette and discard the
solution into sink.

Fill the burette with the solution using a small funnel which is already washed with tap
water, rinsed with distilled water and then with the solution.

Remove the funnel from the burette, before noting initial / final readings.
Ensure that the nozzle of the burette is filled with the solution.
Record the initial& final recordings properly.

See that the level of the burette solution is at your eye level to avoid parallax error.
(Similarly for pipette also).

During the addition of the solution from the burette, the conical flask must be constantly
swirled with one hand while the other hand controls the stop cock of the burette.

PIPETTE

Wash pipette with tap water and then rinse with distilled water.

Rinse pipette with a small quantity of solution to be taken in the pipette and discard the
same into sink.

During transferring solution into a clean conical flask, when all the solution from the
pipette flows out, touch the tip of the pipette to the bottom of the flask gently.

Do not blow out the last drops of the liquid from the pipette.

CONICAL FLASK

Wash the conical flask with tap water and then rinse with distilled water.
Do not try to drain out the water particles from the conical flask.

DO NOT RINSE THE CONICAL FLASK WITH THE SOLUTION TO BE TAKEN IN
THE CONICAL FLASK.

During the titration, place the conical flask on a glazed white tile below the burette.




ENGINEERING CHEMISTRY LAB

CONTENTS
S.No | Title of the experiments | Page. Date Marks Faculty Incharge
No Maximum | Obtained signature
Determination of Total 1-2
1. Hardness
Determination of 3-4
2. percentage of copper in
brass
Determination of 5-6
3. chemical oxygen demand
(COD)
Determination of 7-8
4. percentage of iron in a
rust solution
Potentiometric 9-10
S. Estimation of FAS

Determination of pKa of | 11-12

6. a weak acid using pH
meter
Determination of 13-16
7. Calorific value from

Bomb calorimeter

Conductometric 17-20
8. Estimation of Acid
mixture

Determination of copper | 21-22

9. from Colourimetric
method
23-24
10. Flame photometric
Estimation

Synthesis of conducting | 25-26
11. polyaniline from aniline

Model Procedures 27-30

Viva-Voce Question and answer 31-46




Department of Chemistry, BMSCE, Bangalore

OBSERVATIONS AND CALCULATIONS o

Part A: Preparation of standard solution of disodium salt of EDTA

1. Weight of bottle + EDTA salt S g

2. Weight of empty bottle PR PR g

3. Weight of EDTA salt transferred =........cccccevvrnnnee. g
Molarity of EDTA = MOYZ:E::&Z?;?Z:;;T?;H S grags XA T M
Part B: Determination of total hardness of water sample
Burette : Standard EDTA solution
Conical flask : 25 cm?® Hard water sample + 2 cm?® of NHs— NH4C1 buffer
Indicator : Eriochrome black - T
End point : Wine red to clear blue

Burette readings Trial | Trial 11 Trial 11

Final reading

Initial reading

Volume of EDTA run
down in cm3

Concordant burette reading = ................... cm

(MV)Hard water =(MV)epTa

(MV)EDTA x
MHard water= = i, M
(V)Hard Water 25

Wt/litre of CaCOs equivalent hardness = Muard water X Mol. Wt. of CaCO3z (100) = a

aX10

6
Tooo PPM of CaCOs3

:.10%cm? (1 million cm®) of hard water sample contains =

Thus total hardness of the given water sample = ...................... ppm of CaCOs
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Date:
EXPERIMENT -1

DETERMINATION OF TOTAL HARDNESS OF A SAMPLE OF WATER

Principle:

Hardness of water is due to the presence of calcium and magnesium salts in water. Ethylene
diamine tetra acetic acid (EDTA) forms complexes with a large number of cations including
Ca?* and Mg?* ions. Hence, total hardness of water can be determined using EDTA.

HOOC—CH. CH,—COOH HOOC—CH, CH,—COONa
N—CH—CH —N IL—CHZ—CIIZ——E\!
HOOC—CH, CH,—COOH NaOOC——Cl‘llz cl}12~C()011
EDTA (H, Na,H,Y

Since EDTA (free acid) is sparingly soluble its disodium salt Na2H>Y, is used for analytical
work. The disodium salt of EDTA (NazH2Y) has two easily replaceable hydrogen atoms and
the resulting ionization may be represented as H,Y? . The latter forms complexes with metal
ions as follows:

M2* + HoY2— MYZ4+2H" oo, (1)

Where M is Ca?* and Mg*" are present in water. Reaction (1) can be carried out
quantitatively at a pH of 10 using Eriochrome black T indicator. Since the reaction involves
the liberation of H* ions, a buffer mixture is to be used to maintain a pH of 10. The buffer
mixture used in the titration is NH3— NH4Cl. The hardness of water is usually expressed in
terms of ppm (parts per million) of CaCOs.

Procedure:
Part A: Preparation of standard solution of disodium salt of EDTA
Weigh the weighing bottle containing g of disodium salt of EDTA accurately

using an electronic balance and note the weight. Transfer the crystals carefully onto a funnel
placed over a 250 cm?® volumetric flask and find the weight of the empty weighing bottle.
Record the weight. Pour ion exchange water through the funnel allowing all the crystals to run
down into the flask. Wash the funnel with ion exchange water and remove the funnel. Dissolve
the crystals by swirling the flask gently. Dilute the solution up to the mark with ion exchange
water, stopper the flask and mix the solution thoroughly by inverting the flask several times so
that a homogenous solution results.

Part B: Determination of total hardness of water sample

Pipette out 25 cm? of the given water sample into a clean conical flask. Add 3 cm® of NHz—
NH4C1 buffer and a pinch of Eriochrome black-T indicator. Titrate against EDTA solution till
the colour of the solution changes from wine red to clear blue. Repeat the experiment for
agreeable values.

Result: Total hardness of given water sample is determined as.................. ppm of CaCOsa.
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OBSERVATIONS AND CALCULATIONS

Part A: Preparation of brass solution

1. Weight of bottle +brass foils WL = g
2. Weight of empty bottle W2 = g
3. Weight of brass foils W=W1-W2= i g

Part B: Estimation of Copper
Burette . Standard Na2S203

Conical flask : 25 cm?®of brass solution + Add NH2OH dropwise till a bluish white
precipitate is obtained +1/4 test tube of acetic acid +1 test tube of 10% KI +1
test tube of water.

Indicator . Add 2 cm? of starch solution near the end point (when the solution becomes
pale yellow)
End point . Disappearance of blue colour
Burette Reading Trial | Trial 11 Trial 111
Final Reading

Initial Reading

Volume of Na2S203
run down in cm3

Concordant burette reading = ................... cm?®
(NV)Brasssqution = (NV)Nazszos

NBrasssolution = (NV)Na2S203 X T s N

VBrasssqution 25

Wi. of Cu present in 250 cm?of brass solution = Nprasssolution X Equivalent Wt. of Cu (63.54) ='a' g
4

a
Percentage of copper in the given brass sample = w X 100 = --------mmmm- %
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EXPERIMENT -2

DETERMINATION OF PERCENTAGE OF COPPER IN BRASS USING
STANDARD SODIUM THIOSULFATE SOLUTION
Principle:

The chief constituents of brass alloy are copper and zinc. It also contains small quantities
of tin, lead and iron. The percentage composition of a typical brass alloy is,

Cu - 60-80%: Zn - 20-40%: Fe, Sn, Pb - 0.5t0 1.5%

A solution of brass is made by dissolving the sample in minimum amount of nitric acid.
Urea is added to expel the oxides of nitrogen. Nitric acid (strong oxidizing agent) is neutralized
by addition of ammonium hydroxide solution. Acetic acid is added to make the solution faintly
acidic. The iodine liberated is titrated against sodium thiosulfate using starch as indicator. The
volume of sodium thiosulfate consumed is a measure of the amount of copper present.

2Cu?* + 4KI — Cuzl, + 4K* +1;

2NaxS,03 +1» — NaxS40¢ + 2Nal
Sodium Sodium
thiosulfate tetrathionate

Procedure:
Part A: Dissolution of brass sample

Weigh g of given brass sample accurately and transfer it into a clean beaker. Add
minimum quantity of 1:1 nitric acid to dissolve the brass foil. Add 10 cm?® of ion exchange
water and gently boil till the brown coloured oxides of nitrogen arc expelled completely. Add
1.0 g of urea and continue boiling for some more time. Cool and add one more test tube of ion
exchange water. Transfer it carefully to a standard volumetric flask. Wash the beaker 3-4 times
and transfer the washings also to the standard volumetric flask and make up to mark and shake
well.

Part B: Estimation of copper

Pipette out 25cm?® of brass solution into a clean conical flask. Add dilute ammonium
hydroxide dropwise until a slight bluish white precipitate is formed. Dissolve the precipitate
by adding dilute acetic acid. Add 1 test tube full of 10% KI solution. Titrate the liberated iodine
against standard sodium thiosulfate solution till the mixture turns pale yellow. Add 2cm? of
starch indicator and continue the titration till blue colour disappears and a white precipitate is
left behind. Repeat the experiment for agreeable values.

Result: Percentage of copper in the given brass sample is found to be............. %
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OBSERVATIONS AND CALCULATIONS

Part A: Preparation of standard Ferrous Ammonium Sulfate (FAS) solution

1. Weight of bottle + FAS crystals (Mohr's Salt) Tt g
2. Weight of empty bottle RPN g
3. Weight of FAS crystals s g

. . Weight of FAS X 4
Normality of FAS solution= - g - =—x4=(@)=......... N
Equivalent weight of FAS 392

Back Titration
Burette : Standard FAS solution
Conical flask : 10 cm? of waste water sample + 25 cm? of standard potassium dichromate
solution + 30 cm? of dil. H2SO4. Add Boiling chips.
Reflux the mixture for 30 minutes. Cool.
Indicator . 2-3drops of Ferroin
End point . Bluish green to reddish brown
Burette Readings Trial | Trial 11 Trial 111
Final Reading
Initial Reading
Volume of FAS run down in cm?

Volume of FAS used for back titration (b)=............... cm? (i.e., the volume FAS consumed by
unreacted K>Cr.Ov)
Blank Titration
Burette : Standard FAS solution
Conical flask :  25cm?® of K2Cr0; solution + 30 cm? of dil. H2SOx4
Indicator . 2-3drops of Ferroin
End point : Bluish green to reddish brown
Burette Readings Trial | Trial 11
Final Reading
Initial Reading
Volume of FAS run down in cm?

Volume of FAS used for blank titration(c) =............... cm®

1000 cm? of 1 N FAS solution = 1 equivalent of oxygen = 8 g of oxygen
1 cm?® of 1 N FAS solution = 8 mg of oxygen

(c-b) cm® of N FAS solution =8 x (c-b) x a= mg of oxygen

10 cm? of waste water sample contains = 8 x (c-b) x a = mg of oxygen

8000 X (c—b)x a

1000 cm? of waste water sample requires = o

= mg of oxygen

COD of waste water sample = mg of oxygen / litre of waste water
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EXPERIMENT - 3

DETERMINATION OF CHEMICAL OXYGEN DEMAND (COD) OF INDUSTRIAL
WASTE WATER SAMPLE

Principle:

The chemical oxygen demand (COD) test is extensively employed as a means of measuring
the pollution strength of industrial wastes. Chemical oxygen demand is a measure of the total
quantity of oxygen required for oxidation of organic compounds inwaste water to CO2 and H20
by a strong oxidizing agent. This parameter is particularly valuable in surveys designed to
determine and control sewer systems. Results may be obtained within a relatively short time
and measures taken to correct errors, quickly.

Waste water contains organic impurities which include straight chain aliphatic compounds,
aromatic hydrocarbons, straight chain alcohols, acids, pyridine and other oxidizable materials.
Straight chain compounds, acetic acid etc., are oxidized more effectively when silver sulfate is
added as a catalyst. But silver sulfate reacts with chlorides in waste water to form precipitates
which are oxidized only partially by this procedure. This difficulty is overcome by adding
mercuric sulfate to the sample.

Procedure:
Preparation of standard Mohr's salt solution (FAS solution)
Weigh g of Mohr's salt (FAS) accurately and transfer it into a 250 cm?®

volumetric flask. Add two test tubes of dilute sulfuric acid and dissolve the crystals. Dilute the
solution with ion exchange water up to the mark and shake well.

Back Titration:

Pipette out 10 cm? of the waste water sample into a conical flask. Add 25 cm? of standard
potassium dichromate solution followed by 30 cm?® of dilute sulfuric acid (containing silver
sulfate) with constant shaking. Add 2-3 drops of ferroin indicator and titrate against standard
Mohr’s salt solution until the solution turns reddish brown from blue green. Repeat for agreeing
values.

Blank Titration:

Pipette out 25 cm? of standard potassium dichromate solution. Add 30cm? dilute sulfuric
acid (containing silver sulfate) followed by 2-3 drops of ferrion indicator. Titrate against
standard Mohr’s salt solution until the colour turns reddish brown from blue green. Repeat for
agreeing values.

Result: Chemical oxygen demand of given waste water sample is determined as................. mg
of oxygen/litre of waste water
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Date:
OBSERVATIONS AND CALCULATIONS

Part A: Preparation of standard K>Cr,O7 solution
1. Weight of bottle + KoCr2O7 crystals — =......cccovcvviiiiiniennn,

1
«©

2. Weight of empty bottle et e g
3. Weight of K,Cr207 Crystals St g

Normality of K2Cr.07 = Weight of KoCr,07 x 4 = X4 =
equivalent weight of K>Cr.O7 49

Part B: Estimation of Iron

Burette : Standard K2Cr.O7 solution
Conical flask 25 cm? rust solution+ ¥4 test tube conc. HCI. Heat nearly to
boiling. To the hot solution add SnC1.dropwise till colourless
+ 1 drop in excess. Cool add 1 test tube ice cold water and 1 cm?®
of HgCl: (If black precipitate is seen, reject and repeat)
Indicator ; Ks[Fe(CN)e] (external)
End Point : No change in the colour of indicator when a drop of
reaction mixture is brought in contact with indicator.

Burette Readings Pilot Range Trial | Trial 11

Final Reading

Initial Reading

Volume of K2Cr207
run down in cm3

Concordant VolUMe= ........cocvevvvveveenen, cm?

(NV) Fe-Solution = (NV) K,Cr,0;

Nre-soution = (NV)k,cro, = x = mmmmmmmmmmmmmmeeee- N
VFe—Sqution 25
Wt/ 250 cm? of rust solution = Nre-solution X EQ.Wt.0f iron (55.85)= ........c..c....... g=a
4
Wi. of rust taken =..........cc..... g (say W)

Percentage of iron in the given rust = (a/W) x 100 = -------=------------ g
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EXPERIMENT -4

DETERMINATION OF PERCENTAGE OF IRON IN A GIVEN RUST SOLUTION
BY EXTERNAL INDICATOR METHOD

Principle: Rust contains mainly hydrated ferric oxide (Fe2O3'nH20). The solution of rust is
made by dissolving the sample of rust in dilute HCI. The resultant clear solution contains FeCls.
The ferric ions (Fe*) present in rust solution are reduced to ferrous ions (Fe?*) by adding
stannous chloride (SnCl,) under hot condition in the presence of HCI.The excess stannous
chloride is removed by the addition of mercuric chloride (HgCl>). The resulting solution having
ferrous ionsis titrated against standard K.Cr.O7 using potassium Ferricyanide as an external
indicator.
2FeCl, + SnCl, — 2FeCl, + SnCl,

Ferrie Stannous Ferrous Stannic
Chloride Chloride Chloride Chloride
SnCl, + 2HgCl, - Hg C1, ¥ + SnCl,
Mercuric Mercurous
Chloride Chloride
(Fe* >Fe**+e)x 6 (1)
Cr,0,7+14H" + 6e—2Cr* + TH,0...(2)
Adding(1) & (2)

6Fe’* + Cr,0,> +14H* — 6Fe** + 2Cr’* + 7TH,0

Procedure:
Part A: Preparation of standard solution of K2Cr207

Weigh g of potassium dichromate crystals accurately and transfer to a 250 cm?®
volumetric flask. Dissolve in ion exchange water and dilute up to mark and mix well.

Part B: Estimation of Iron

Pipette out 25 cm? of the rust solution into a clean conical flask. Add quarter test tube of
concentrated HCI and heat the solution to boiling. Add stannous chloride to the hot solution
drop wise till the yellow solution turns colourless. Add 2 more drops to ensure complete
reduction. Cool and add a quarter test tube of mercuric chloride rapidly. A silky white
precipitate of mercurous chloride is formed. Add one test tube of ion exchange water. Place a
number of drops of freshly prepared potassium ferricyanide indicator on a wax paper. Add a
small quantity of potassium dichromate from the burette to the conical flask containing rust
solution and mix well. Remove a drop of the solution from the conical flask (use glass rod) and
bring it in contact with a drop of the indicator on the wax paper. The colour of the indicator
turns blue. Repeat this process after adding 1 cm® more of the potassium dichromate solution
and again bring a drop of the mixture in contact with a fresh drop of the indicator. The indicator
turns blue as long as the titration is incomplete. Continue the titration by adding increments of
1 cm?® at a time and testing as above till a drop of the reaction mixture fails to produce any
colour with the indicator drop. (Note: Clean the glass rod after every dip). Repeat the titration
with another 25 cm? of the rust solution. This time add most of the potassium dichromate
solution required at a stretch and then add dropwise. Stir the contents of the flask after every
addition and test a drop of the titrated mixture with a drop of the indicator as described above
till colour of the indicator drop does not change. Repeat the titration for agreeing values.

Result: Percentage of iron in given rust solution is found as...................... g
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OBSERVATIONS AND OF CALCULATIONS

First Derivative Curve

Vol. of E
K2Cr207 ernf AE AV | AE/AV
added (cm?)
0.0 - - - :
|
AE |
L |
I
|
|
I
I
o0—o0—09 |
Volume of K,Cr,0, (cm®)
Burctic
lon meter
with
millivolt
Saturated ()
calomel k'
clectrode
[
U I Indicator ¢lectrode
Magnctic stirrer
|8 8]
Fig.1 Potentiometric titration
From the graph, volume of K>Cr.0O7 at equivalence point(X) = ......... cm?,

Normality of K2Cr207=a N =

Normality of FAS =Normality of K>Cr,07 X Volume of KoCroO7 =axX=DbN
Volume of FAS 25 25

Weight of FAS /dm® = Neas x Equivalent weight of FAS (392)

=hbx392="C'g

Weight of FAS in 25 cm? = ¢/40 = --------m---mm-=—- g
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EXPERIMENT -5

ESTIMATION OF FERROUS AMMONIUM SULFATE (FAS) USING STANDARD
POTASSIUM DICHROMATE SOLUTION POTENTIOMETRICALLY

Principle:

The estimation of substance in solution by measurement of emf is known as potentiometric
titration. Here, emphasis is on change in emf of an electrolytic cell, as a titrant of known
concentration is added. A simple arrangement for potentiometric titration has a reference
electrode (saturated calomel half-cell) and an indicator electrode (platinum electrode).

The emf of the cell containing the solution is determined and large increments of the titrant
solution is added until the equivalence point is approached and the emf is determined after each
addition. The approach of the equivalence point is indicated by a rapid change in emf. After
the equivalence point, emf increases slightly on addition of titrant.

For the (redox) potentiometric titration of FAS against K.Cr.O7 the indicator electrode is
platinum electrode. The oxidizing agent is taken in the burette. The reaction proceeds as
follows:

Cr07% + 14H* + Fe?* — Fe®* + Cré* + 7TH,0

Procedure:

Pipette out 25 cm? of the given FAS solution into a clean beaker and add 1 test tube of dil
H>SO4. Immerse a platinum electrode and a saturated calomel electrode and connect to a pH
meter in milli volts (mV) mode. Fill a clean burette with standard K>Cr.O7 solution.

Commence the titration by adding large increments (1 cm?®) of K,Cr,O7 solution to FAS
solution in the beaker. Stir the solution thoroughly and measure emf after every addition. At
the equivalence point, there is a sudden increase in the emf. At this stage, add small increments
of K2Cr207 and note emf values. After equivalence point, there will be a slight increase in emf
on continued addition of K>Cr207 solution.

A graph of AE/AV (ordinate) against volume of K>Cr.O7 (abscissa) is plotted. From the graph
volume of K>Cr.Oy7 at equivalence point can be read.

Result: Amount of ferrous ammonium sulfate present in the given sample is found to
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OBSERVATIONS AND OF CALCULATIONS
Vol. of NaOH pH ApH ApH
added (cm?) AV S - CURVE

0.0 - - )f)o/o—c

pH
-

ey

Volume of NaOH (cm?)

First Derivative Curve

i
L
= b

il
LY N

Volume of NaOH (cm')

From graph,

)
l
|

Ve/2 =

pKa =

Fig.2 Apparatus for pKa measurement
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EXPERIMENT -6

DETERMINATION OF pKa OF A WEAK ACID USING pH METER

Principle:

The strength of an acid is experimentally measured by determining its equilibrium constant
or dissociation constant (Ka). Since strong acids are strong electrolytes, they ionize almost
completely in aqueous solution. It is not meaningful to study the ionic equilibrium of strong
acids and calculate their equilibrium constants as the unionized form is present to a very small
extent. Hence the study of ionic equilibriums and calculation of Ka is applicable only to weak
acids.

Acetic acid ionizes freely as,CH3COOH(aq) + H20(l) «» H3O0"(aq) + CH3COO"(aq)

Ka = [H30*][CH3COO]
[CHsCOOH]

pKa =-log10Ka

pKa is @ modem method of expressing acid strengths pKa is determined by measuring the
changes in pH of acid solution when different amounts of base is added. During the titration of
an acid with a base, the pH of the solution rises gradually at first, then more rapidly and at the
equivalence point, there is a very sharp increase in pH for a small quantity of base addition.
After the equivalence point, pH increases only slightly on addition of base. The titration curve
is obtained by plotting changes in pH when different amounts of base added and equivalence
point is determined.

. : l
According the Henderson- Hassel batch equation, pH = pKa + Iogm%
At half equivalence point, [Salt] = [Acid] and therefore, pH at half equivalence point gives the

pKa of weak acid.

Procedure:

Take the given weak acid into a beaker. Immerse a glass electrode-calomel electrode
assembly into the acid and connect the cell to a pH meter. Measure pH of the solution. Fill a
burette with the standard sodium hydroxide solution. Add sodium hydroxide solution in an
increment of 0.5 cm? every time. Stir the solution thoroughly and measure the pH after each
addition. Initially pH increases slowly till the neutralization of weak acid is over, after the
neutralization point it increases rapidly. Therefore, continue your titration until you observe a
faster increase in pH on addition of base. Take 7-8 readings after that.

Plot a graph of pH (ordinate) against the volume of sodium hydroxide added (abscissa).
Determine the equivalence point and hence the pH at half equivalence point. This gives pKa of
the weak acid.

Result: The pKa of the given weak acid is................
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OBSERVATIONS AND OF CALCULATIONS ot
Let, the weight of fuel sample, m=.................... kg
Weight of water in calorimeter, W = ................ kg
Water equivalent of calorimeter, w = ................ kg
Initial temperature of water, T1 = .......c.ccoevenne. °C
Final temperature of water, T2 = ........cccovvvvenene. °C

Specific heat of water, S = 4.187 kJ/kg/°C

Heat released by the fuel sample = Heat absorbed by water and calorimeter

GCV = (W+w)><('n1;2—T1)>< S kJ/kg

NCV =[GCV — (0.09 x % H x latent heat of steam)] kJ/kg™

[Latent heat of steam is = 2457 kJ/kg]
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EXPERIMENT -7

DETERMINATION OF CALORIFIC VALUE OF A SOLID FUEL USING BOMB
CALORIMETER

Principle:
The calorific value (CV) of the fuel is defined as the energy liberated by the complete
oxidation of a unit mass or volume of a fuel. It is expressed in kJ/kg for solid and liquid fuels.

The higher calorific value, HCV (GCV) is obtained when the water formed by combustion is
completely condensed.

The lower calorific value, LCV (NCV) is obtained when the water formed by combustion exists
completely in the vapor phase.

Bomb calorimeter:

The calorific value of solid and liquid fuels is determined in the laboratory using '‘Bomb
calorimeter’. It is so named because its shape resembles that of a bomb. Fig. 1 shows the
schematic sketch of a bomb calorimeter. The bomb calorimeter is made of stainless steel which
provides considerable resistance to corrosion and enables it to withstand high pressure. It
consists of strong thick walled stainless steel bomb of 400-500 cm?® capacity in which
combustion occurs. The bomb has two valves at the top. One supplies oxygen to the bomb and
other releases the exhaust gases. A crucible in which a weighed quantity of fuel sample is burnt
is arranged between the two electrodes as shown in figure 1. The bomb is placed in a
calorimeter containing known quantity of water. To reduce the losses due to radiation,
calorimeter is further provided with a jacket of water and air. For uniform transfer of heat and
electrically operated a stirrer is used. Beckman’s thermometer/ temperature sensor to measure
the change in temperature with an accuracy of 0.001 °C is fitted through the lid of the
calorimeter.
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Figure 3. Bomb calorimeter



Department of Chemistry, BMSCE, Bangalore 16

Procedure:

To start with, about 1 g of fuel sample is accurately weighed and converted into a pellet
form with the help of a pellet maker. The pellet is placed into the crucible and a fuse wire is
stretched between the electrodes. It should be ensured that wire is in close contact with the fuel.
Bomb is then supplied with pure oxygen through the valve to an amount of 25 atmospheres.
The bomb is then placed in the weighed quantity of water, in the calorimeter. The stirring is
started after making necessary electrical connections, and when the thermometer indicates a
steady temperature fuel is fired and temperature readings are recorded after %2 minute intervals
until maximum temperature is attained. The bomb is then removed; the pressure slowly
released through the exhaust valve and the contents of the bomb are carefully weighed for
further analysis.

The heat released by the fuel on combustion is absorbed by the surrounding water and the
calorimeter. From the above data the gross calorific value (GCV) of the fuel can be calculated
using equation (1)

It should be noted that bomb calorimeter measures the higher or gross calorific value
because the fuel sample is burnt at a constant volume in the bomb. Further the bomb calorimeter
will measure the HCV directly if the bomb contains adequate amount of water before firing to
saturate the oxygen. Any water formed from combustion of hydrogen will, therefore, be
condensed. The procedure of determining calorific values of liquid fuels is similar to that
described above. However, if the liquid fuel sample is volatile, it is weighed in a glass bulb and
broken in a tray just before the bomb is closed. In this way the loss of volatile constituents of
fuels during weighing operation is prevented.

Result: GCV of given fuel sample is found to be =..................... kJ/kg

NCV of given fuel sample is found to be =..................... kJ/kg
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Specific conductance (mS/cm)

OBSERVATIONS AND OF CALCULATIONS oA
Volume of acid mixture taken (Vmix) = 50 cm?
Strength of NaOH solution = 0.5 N
Volume of NaOH Specific Volume of NaOH | gpecific conductance
added in cm® conductance(msS / cm) added in cm? (mS/cm)
0.0 7.5
0.5 8
1 8.5
15 9
2 9.5
2.5 10
3 10.5
3.5 11
4 11.5
4.5 12
5 12.5
55 13
6 13.5
6.5 14
7 14.5
Graph:

Volume of NaOH added in cm?
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Date:
EXPERIMENT - 8

CONDUCTOMETRIC ESTIMATION OF STRONG & WEAK ACIDS FROM GIVEN
MIXTURE

Aim: Estimation of strong acid (e.g. HCI) and weak acid (e.g. CH:COOH) from given mixture
by conductometric titration.

Principle: Reciprocal of resistance (R) is conductance (L) and is measured in Siemens
L=(1/R)

A conductivity cell consists of a pair of platinized foils of definite average area 'a’ fixed at a

definite distance 'I' apart. Thus 'l/a" of given conductivity cell has a definite value and it is

known as cell constant.

Specific_Conductance is the conductance of an electrolyte solution, placed between two
parallel electrodes 1 cm apart and area of cross section 1 cm?.,

Equivalent Conductance is the conductance of the solution due to all the ions produced by
dissolving one-gram equivalent weight a solute in 2000 cm® of a solution.

Molar_Conductance is the conductance of the solution due to all the ions produced by
dissolving one-gram molecular weight of a solute in 2000 cm? of a solution.

Conductance of an electrolyte is directly proportional to the mobility of ions and number of
ions present in unit volume. Conductance measurements can be employed to find the end points
of acid- base and other titrations.

Consider for instance, titration of acid mixture containing a strong acid (e.g. HCI) & a weak
acid (e.g. CHsCOOH) with a strong base (e.g. NaOH). The acid mixture is taken in the beaker
and the base in the burette.

During titration, initially highly mobile H* ions in the solution are replaced by less mobile Na*
ions. Therefore, there is a decrease in conductance of the solution as more and more NaOH
solution is added to neutralize HCI. This continues until HCI gets neutralized by the base. After
the end point, further addition of NaOH solution result in neutralization of the acetic acid and
conductance increase marginally due to the formation of salt, sodium acetate, which dissociates
marginally better than acetic acid. After the neutralization of acetic acid, conductance increases
significantly due to unused sodium hydroxide that furnishes Na* and highly mobile OH" ions.

The conductance of the solution is plotted against the volume of the base added. On
extrapolation of the three straight lines give two intersections. The volume of NaOH
corresponding to first intersection gives neutralization point of HCI. The differences in the
volume corresponding to second and first intersections give neutralization point of CH;COOH.
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Volume of NaOH required to neutralize HCI (V1) =

Normally of HCI (NHci) = [Nnaor X V1] / Vmix

cm? (from the graph)

Volume of NaOH required to neutralize CH3COOH = (V2 - V1)

................ cm?® (from the graph)

Normality of CH3COOH, NCH,cooH = [NNaoH X (V2 - V1] /Vmix

Amount of CH;COOH
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Procedure: Take 50 cm? given acid mixture in a clean beaker. Dip the conductivity cell into it
and connect it to the conductivity bridge. Note down the specific conductance of this solution.
Add standard sodium hydroxide solution from the burette in increments of 0.5 cm® and measure
the corresponding specific conductance. Take 8-10 readings when specific conductance
increases significantly (i.e. after the neutralization of weak acid).

Plot a graph of specific conductance versus volume of NaOH. From this graph, find the
neutralization points for strong and weak acids and calculate their strength and amount.

a
Result: Amount of HCI present in given acid mixture is found to be = 20 e

Il
g

Amount of CH3COOH in given acid mixture is found to be = 20 g
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Date:
OBSERVATIONS AND CALCULATIONS
Flask|{Volume of Copper| Concentration of | Concentration of Absorbance
No. Sulfate (cm?3) copper sulfate copper (mg) (optical density)
(ma)
1. 5
2. 10
3. 15
4. 20
5. 0 0 0 0.00
6. |Testsolution ( )
Concentration of copper sulfate in stock solution = ............ g/L
Concentration of copper sulfate in stock solution=............ mg / cm®

249.68 mg of CuSO4-5H20 contains 63.54 mg of Cu

R mg of CuSO4-5H20 contains........... mg of Cu

Model Graph:

Optical Density

Volume of copper sulphate (cm?)

[h]
pooos, [ Mo

= =

Colorimeter

3

| ]

ay” Waveélength selection,
@ Printer button
@ Concentration factor adjustment,

@ UV mode selector (Deuterium
lamp)

) Readout

© Sample compartment
@ Zero control (100% T,
@ Sensitivity switch
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Date:
EXPERIMENT -9

COLOUROMETRIC DETERMINATION OF COPPER FROM THE EFFLUENT OF
ELECTROPLATING INDUSTRY

Principle:

When a monochromatic light of intensity I, is incident on a transparent medium, a part I, of it
is absorbed; a part, Iy, is reflected; the remaining part I, is transmitted.

lo=la+ I+l
For a glass air interface Iy, is negligible.
Therefore, lo=la+ It + I

l/lo = T is called transmittance, log 1/T = log(lo/lt), is called absorbance or optical density.
The relation between absorbance and concentration ¢ (expressed in mol/dm?) & path length t,
(expressed in cm) is given by Beer-Lambert law.

A =log(lo/lt) = ect

Where ¢ is the molar extinction coefficient, t is the path length. € is a constant for a given
substance at a given wavelength. If the path length is kept constant, then A a c. Hence a plot of
absorbance against concentration gives a straight line.

Liquor ammonia is added to a series of standard solutions of copper salt to get dark blue
cuproammonium complex. This is diluted to a definite volume. The absorbance of each of these
solutions is measured at 620 nm, since the complex shows maximum absorbance at this
wavelength. Absorbance values are plotted against concentration to get a calibration curve.

Procedure:

Transfer the given copper sulfate solution (stock solution) to a burette and transfer 5, 10,
15, 20 cm? of the solution in to 50 cm? volumetric flasks. Add 2 cm® of ammonia solution to
each of them and dilute up to the mark with ion exchange water. Stopper the flasks and mix
the solutions well. To the test solution given in a 50 cm® measuring flask, add 2 cm? of ammonia
solution then dilute up to the mark with ion exchange water and mix well. Prepare a blank
solution by diluting 2 cm?® of ammonia solution in a 50 cm® measuring flask up to the mark
with ion exchange water and mix well. After 10 minutes, measure the absorbance of the
solutions against blank at 620 nm using a photoelectric colorimeter. Tabulate the readings as
shown. Draw a calibration curve by plotting absorbance against volume of copper sulfate
solution. Using the calibration curve, find the volume of copper sulfate solution in the test
solution and calculate the amount of copper.

Result:
1. From graph, volume of copper sulfate solution in test solution = .............. cm?®
2. Amount of copper in test solution = .................. mg
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OBSERVATIONS AND CALCULATIONS

Date:

Flask No.| Volume of Sodium salt |Concentration of Sodium| Instrument Readings
solution (cmd) (ppm)
1.
2.
3.
4,
S.
6. Test solution ()
Model Graph:

. — — — —

Volume of sodium salt solution (cm®)

1

lens

burner

j Nebuliser
mixing chamber

| |
I meler
| detector

monochromalor

[ﬁe[

T

sample

Fig. Flamephotmeter Instement
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Date:
EXPERIMENT -10
DETERMINATION OF SODIUM IN A GIVEN SAMPLE OF WATER USING
FLAMEPHOTOMETER

Principle:

Flame Photometry is a simple, rapid method for determining elements, particularly those
that can be excited easily like alkali metals. It correlates the emitted radiation with the
concentration of elements.

A flame photometer consists of pressure regulator, flow meter for fuel gases, an atomizer,
burner, optical system, a filter and a photo sensitive detector and an output display unit/
recorder.

A solution of the sample is nebulised by a flow of gaseous oxidant (air/oxygen), mixed
with a gaseous fuel and carried into a flame where atomization occurs. The complex set of
processes occurring in the flame can be represented as follows:

Processes occurring during flame atomization can be represented as:

m— — S— — —
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hy
Procedure:

Transfer 2,4,6,8 & 10 cm3of standard sodium salt solution into different 50 cm®volumetric
flasks using a burette. Make up all the flasks including unknown with distilled water and shake
well.

Open the gas supply stop cock & regulate the air pressure so that a blue flame results. Dip
the capillary tube in a cell containing distilled water and aspirate the same into the flame. Adjust
the instrument reading to zero (control knob). Now aspirate 100 ppm sodium salt solution into
the flame and adjust the instrument reading to 100. Ensure steady state conditions by repeating
the process.

Repeat the aspirating procedure for all standard sodium solutions and the unknown (given
water sample). Distilled water must be sprayed into the flame between trials. Tabulate the
readings. Plot a calibration graph with instrument readings on the Y- axis and concentration or
volumes of sodium salt solutions on X- axis. The concentration of sodium in the given water
sample can be read from the graph.

Results:
1.From graph, volume of sodium salt solution in given test solution = ............ cm?®
2.Amount of sodium in test solution =................. ppm.
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Date:
OBSERVATIONS AND CALCULATIONS

Chemicals Required

Freshly distilled aniline = 2.3 mL

Sulfuric acid = 5.6 mL

Ammonium per sulfate= 5.7g dissolved in distilled water to make 100 mL solution
Calculation

Weight of polyaniline obtained =

k= 1/RA

K=
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Date:
EXPERIMENT - 11

SYNTHESIS OF CONDUCTING POLYANILINE FROM ANILINE BY CHEMICAL
OXIDATIVE POLYMERIZATION

Principle: Polyaniline is synthesized by chemical oxidative polymerization of aniline in

sulfuric acid using ammonium persulfate as oxidant at room temperature.

Polymerization
(NH,);S,0g NHONH@NHONH
QNHZ + H2804

water, RT

polyaniline
aniline
partial oxidation, protonation

0 H
® ®
m
S0,%

Emeraldine (conducting polyaniline)

n
X

Procedure: 2.3 mL of aniline and 5.6 mL ofH.SO, are added into a polymerization vessel and
total volume is made to 100 mL and placed on magnetic stirrer. 100 mL of aqueous solution
containing 5.7 g of (NH4)2S20s is added slowlyin about 20 minutes using a dropping funnel to
the above mixture. After the complete addition, the reaction mixture is stirred for 30 minutes
and the final product is filtered, washed with water and finally with acetone. The filtrate is air
dried at 60 °C for 12 h.

Observation: On addition of the oxidant the solution gradually turned blue and finally attained
dark green colour characteristic of polyaniline in solution. After 30 minutes the precipitate

formation can be observed.

Electrical conductivity: Polyaniline is pressed in the form of a pellet and its conductivity at
room temperature is measured as follows: The electrical resistance R of the pellet was measured
at room temperature using the four-point probe technique. The conductivity k of the pellet can
be given by k= I/RA where R is the sheet resistance, A is area of the pellet and lis the thickness

of the pellet. The conductivity «k of the pellet was calculated by using the above equation.

Result: The conducting polyaniline was found to be ..............
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MODEL PROCEDURE WRITING

EXPT. No. 1: Determination of total hardness of water

Weigh given EDTA crystals accurately into a 250 cm?® volumetric flask. Dissolve in
distilled water and dilute up to the mark. Mix well.

Molarity of EDTA solution = Weight of EDTA taken x 4
Molecular weight of EDTA

Burette :EDTA solution

Conical flask : 25 cm® water sample + 5 cm? buffer solution (pH = 10)
Indicator : Eriochrome black - T

Colour change : Wine red to clear blue

From the volume of EDTA consumed, calculate the hardness in the given water sample

EXPT. No.2: Determination of percentage of copper in brass sample

Weigh given brass sample into a clean beaker. Add 1/4 t.t. Con. HNO3. Boil till brown
fumes are expelled. Add 1 t.t. of distilled water and 1 g urea. Boil for 2 minutes. Cool to room
temperature. Transfer to a 250 cm?® volumetric flask. Dilute upto the mark and mix well.

Burette : Na2S.03 solution

Conical flask : 25 cm® of brass solution prepared above+ NH4OH till slight ppt + dil.
CH3COOH to dissolve the ppt + 1 t.t 10% KI

Indicator : Starch (added near the end point)

Colour change : Blue to white ppt.

From the volume 0fNa>S,03 consumed, calculate the percentage of copper in the given brass
sample

EXPT. No. 3: Determination of COD of waste water sample

Weigh given Ferrous ammonium sulfate (FAS) crystals accurately into a 250 cm?®
volumetric flask. Add 2 t.t. dil. H2SO4. Dissolve the crystals, dilute up to the mark and mix
well.

Normality of FAS solution = Weight of FAS taken x 4
Equivalent weight of FAS

Burette : FAS solution

Conical flask : 10 cm® waste water sample+ 25 cm?® K,Cr,0> solution (pipette out) +
3/4 t.t of 1:1H2S0O4. Boil for half an hour, cool

Indicator : Ferroin

Colour change :Blue green to reddish brown

Conduct blank titration: as above but without waste water.
From the difference in the titre values, calculate the COD of waste water sample.
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EXPT. No.4: Determination of % Fe in the given rust solution by external indicator
method

Weigh the given potassium dichromate crystals accurately into a 250 cm? volumetric
flask. Dissolve in distilled water. Dilute upto the mark. Mix well.

Normality of dichromate = Weight of dichromate taken x 4
equivalent weight of dichromate

Burette . KaCr207

Conical flask : 25 cm? rust solution + 1/4 t.t. conc. HCI. Boil + SnCl. drop wise till
colourless, Cool and add 1/4 t.t. HgCl>

Indicator : K3[Fe(CN)s] - external

Colour change : Failure to develop blue colour with a test drop of indicator

From the volume of K>Cr,O7 consumed, calculate percentage of iron in the given rust

EXPT. No. 5: Potentiometric titration of FAS vs potassium dichromate

Transfer 25 cm® of FAS into a beaker. Add 2 t.t. of dil. H2SO.. Immerse calomel electrode
& platinum electrode assembly into it. Connect the assembly to a potentiometer and measure
the potential. Add K2Cr,O; solution from burette in increments of 0.5 cm?® and measure the
potential after each addition.

Plot a graph AE / AV against volume of K>Cr.O7 and determine the equivalence point.
From the normality of K>Cr20Oz, calculate the normality and the weight of FAS in the given

solution.
First Derivative Curve

5 i
N

Volume of K,Cr, O, (cm’)
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EXPT. No.6: Determination of pKa of weak acid

Transfer 50 cm?® of the given weak acid into a beaker. Immerse glass electrode & calomel
electrode assembly into it. Connect the electrodes to a pH meter and measure the pH. Now add
NaOH from burette in increments of 0.5 cm? and measure pH after each addition. Plot a graph
of ApH/ AV against volume of NaOH and pH against volume of NaOH. From half
neutralisation volume (First Derivative Curve), read pH value from S-Curve.

S - curve First derivative curve

pH
|
T

* 1
f
- .

Volume of NaOHsolution (cm?) Volume of NaOH solution (cm*)

EXPT. No. 7: Determination of calorific value of a Solid fuel using Bomb Calorimeter

About 1 g of fuel sample is accurately weighed into the crucible and a fuse wire (whose
weight is known) is stretched between the electrodes. It should be ensured that wire is very
close contact with the fuel. To absorb the combustion products of sulfur and nitrogen 2 cm? of
water is poured in the bomb. Bomb is then supplied with pure oxygen through the valve to an
amount of 25 atmosphere. The bomb is then placed in the weighed quantity of water, in the
calorimeter. The stirring is started after making necessary electrical connections, and when the
thermometer indicates a steady temperature fuel is fired and temperature readings are recorded
after 1/2minute intervals until maximum temperature is attained. The bomb is them removed;
the pressure slowly released through the exhaust valve and the contents of the bomb are
carefully weighed for further analysis.

The heat released by the fuel on combustion is absorbed by the surrounding water and the
calorimeter. From the above data the calorific value of the fuel can be calculated.

EXPT. No. 8: Conductometric estimation of HCI+CH3COOH

Pipette out specified volume of acid mixture solution into a clean
100 cm? beaker. Dip the conductivity cell into it and connect it to the
conductivity bridge. Note down the specific conductance of the
solution. Add standard sodium hydroxide from the burette in
increments of 0.5 cm® and measure the corresponding specific
conductance. Take six readings when specific conductance increases
significantly (i.e., after neutralisation of weak acid) plot a graph of
specific conductance versus NaOH. From this graph, find the
neutralisation points for strong and weak acids and calculate their strength and amount.

Specific conductance (mS/cm)

Volume of NaOH added in em?
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EXPT. No. 9: Colorimetric estimation of copper from the effluent of electroplating
industry

Transfer5, 10, 15, 20 cm? of given copper sulfate
solution into 4 separate 100 cm?® volumetric flasks.Add
5cm? of NH to each one of them and also into the test
solution of unknown concentration. Dilute upto the
mark and mix well. Measure the absorbance of each of
these against blank solution (only ammonia and water)
in a photo-colorimeter. Plot a graph of absorbance
(OD) against concentration of copper sulfate solution
and determine the concentration of copper in the test
solution.

Optical Density

Volume of copper sulphate (cm?)

EXPT. No.10: Determination of sodium in the given water sample using
Flame photometer

Transfer 2, 4, 6, 8 and 10 cm? of standard sodium salt
solution into different 50cm?® volumetric flasks using burette.
Make up all solution including unknown with distilled water
and shake well. Aspirate 100 ppm solution into the flame and
"adjust the reading to 100. Repeat aspirating procedure for all
standard sodium salt solutions and unknown. (Distilled water
must be aspirated into the flame between trials). Tabulate the
readings. Plot a calibration graph with the instrument readings
on the Y-axis and concentration or volume of sodium salt
solution on X-axis. The concentration of sodium salt in the given sample can be found from
the graph.

I
I
I
I

EXPT No. 11: SYNTHESIS OF CONDUCTING POLYANILINE FROM ANILINE BY
CHEMICAL OXIDATIVE POLYMERIZATION

2.3 mL of aniline and 5.6 mL of H2SO4 are added into a polymerization vessel and total
volume is made to 100 mL and placed on magnetic stirrer. 100 mL of aqueous solution
containing 5.7 g of (NH4)2S20g is added slowly in about 20 minutes using a dropping funnel to
the above mixture. After the complete addition, the reaction mixture is stirred for 30 minutes
and the final product is filtered, washed with water and finally with acetone. The filtrate is air
dried at 60 °C for 12 h. Electrical conductivity: Polyaniline is pressed in the form of a pellet
and its conductivity at room temperature is measured. The electrical resistance R of the pellet
was measured at room temperature using the four point probe technique. The conductivity « of
the pellet can be given by k = I/RA where R is the sheet resistance, A is area of the pellet and
lis the thickness of the pellet. The conductivity k of the pellet was calculated by using the above
equation.
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MODEL VIVA- VOCE QUESTIONS AND ANSWERS

Volumetric analysis

1) State the law of volumetric.
Solutions of equal strength always interact in equal volumes. i.e., ViN1 = V2N2
2) What are primary standard substances in volumetric estimations?
The substance which fulfills the following requisites is called primary substance: i) Easily
available in pure state. ii) Easily soluble in water and should be very stable. Example: potassium
dichromate, FAS, etc.
3) What do you mean by standardization of a solution?
Determination of the accurate strength of a solution using another standard solution by means
of titration is called standardization.
4) What is a standard solution?
The solution of accurately known strength is called the standard solution and it contains known
weight of the solute in a definite volume of the solution.
5) What is the equivalent weight of an acid?
The equivalent weight of an acid is the number of parts by weight of the acid which contain
one part (i.e.1.008 parts) by weight of replaceable hydrogen. In general, equivalent wt. of an
acid =Mol. Wt./basicity. Example, EH,so, = Mol.wt./2 = 98/2 = 49.
6) What is the equivalent weight of a base?
The equivalent wt. of a base is the number of parts by wt. of the base which neutralizes one
equivalent wt. of an acid. In general is equal to Mol.Wt./acidity.
Example, Eq. Wt. of NaOH = Mol.wt./1 = 40/1 = 40
7) What is the equivalent wt. of an oxidizing agent?
It is the number of parts by means of it which contains 8 parts by mass (one equivalent) of
oxygen available for oxidation. Example, acidified KMnOs gives oxygen for oxidation
according to the equation,
2KMnOg4 + 3H2S04 — K2SO4 — +2MnSO4 + 3H20 + 5[0]
Therefore, 2KMnQO4 = 5[0] = 10 equivalents

KMnO4 = 5 equivalents
8) What is the equivalent wt. of reducing agent?
It is the number of parts by means of it reacts with 8 parts by mass (one equivalent) of oxygen.
Example, FeSO; is a reducing agent.
2FeSO4 + H2SO4 + [O] — Fez(S04) + H20
Therefore, 2FeSO4 = [O] = 2equivalents
FeSO4-7H,O= Mol. Wt./1 = 278g
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9) What is normality of a solution?

The normality of a solution is the number of gram equivalents of the solute dissolved in 1 dm?
of the solution.

10) What is molarity of a solution?

The molarity of a solution is the number of the moles of the solute dissolved in 1dm? of the
solution.

11) What is molality of a solution?

The molality of a solution is the number of moles of the solute dissolved in 1 kg of the solvent.
12) What is an indicator?

An indicator is a substance which indicates the end point of a volumetric reaction by change of
the colour of the solution.

13) What is an external indicator?

These are substances used as indictors when a tiny drop of the solution from the flask is
removed out and tested for colour change externally. E.g. Potassium ferricyanide.

14) What is the principle involved in volumetric analysis?

The principle involved in volumetric analysis are (i) to calculate the strength of a given solution
(ii) to calculate the mass of solute in grams per dma3.

15) How are indicators classified?

The indicators are classified broadly into (i) internal indicators, e.g. phenolphthalein, (ii) self-
indicators, e.g. Potassium permanganate and (iii) external indicators, e.g. potassium
ferricyanide.

16) Cite an example for the following.

(i) pH sensitive indicator-------- e.g. phenolphthalein

(ii) redox indicator-------------- e.g. ferroin

(iii) metal ion sensitive indicator ------------ e.g. EBT, Patton Reeder's indicator
(iv) auto/self-indicator ------------ e.g. potassium permanganate

(v) adsorption indicator ------------ e.g. starch

Experiment-1. DETERMINATION OF TOTAL HARDNESS OF THE GIVEN
SAMPLE WATER
1) What is hard water?

Hard water is generally considered to be that water which requires considerable amount of soap

to produce foam or lather, and produces scales in boilers.

2) How is hardness of water caused?

Hardness of water is caused due to the presence of dissolved salts of Ca*2, Mg*2 and other metal
ions with anions such as HCO3", SO4%, CI", SiOs? etc.
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3) What is the difference between temporary and permanent hardness?

() Temporary hardness is due to unstable bicarbonates of Ca and Mg, while permanent hardness
is due to more stable CI- and SO4* of Ca and Mg.

(i)The temporary hardness of water can be removed by boiling water, during which
bicarbonates decompose to give carbonates, while permanent hardness can be removed only
by chemical treatment methods like soda lime process or ion exchange process.

4) How do you express total hardness of water?

The sum of temporary hardness and permanent hardness is known as the total hardness. The
total hardness is expressed in ppm equivalent of calcium carbonate or mg/1.

5) What is EDTA?

Ethylenediamine tetra acetic acid (EDTA) is a complexing agent (sparingly soluble) and also
its disodium salt is a strong complexing agent (solubility is more), reacts with the metal ions to
form a soluble, stable 1:1 complex.

6) What is buffer solution?

The solution which resists the change in its pH value even after adding small amounts of an
acid or base to it is called buffer solution.

7)Why is NH4OH-NH4CI buffer is added in the determination of total hardness of water?
The indicator Eriochrome Black-T (EBT) shows the colour change at pH range 9-11. Therefore,
the pH of the solution is maintained around 10 using the buffer. Otherwise, pH decreases as
H+ ions released due to the substitution of metal ions for H* ions in EDTA.

8) Why is the indicator Eriochrome Black-T (EBT) shows wine red in the beginning and
blue color at the end of the titration?

When a few drops of the indicator is added to the hard water (with a pH of about 10)it forms a
wine red colored weak and unstable complex with the Ca?* and Mg?* ions.

M?* + EBT — M-EBT complex unstable (Wine red)

When the hard water is titrated with EDTA, EDTA reacts preferentially with free metal ions
present in the solution. Near the end point, when all the free metal ions are exhausted in the
solution, further addition of EDTA dissociates the M-EBT complex, consumes the metal ions
and releases free indicator, which is blue in colour. Therefore, the colour change is wine red to
blue.

M-EBT + EDTA — M-EDTA + EBT (Blue)

9) What are the applications of hardness determination in environmental practice?

(a) The data of hardness of water is an important consideration in determining the suitability of
water for domestic and industrial uses.

(b) Estimation of hardness serves as a basis for routine control of softening methods.
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10) Write the structure of EDTA.

Refer the principle part of the experiment.

11) Why is ammonium hydroxide added to disodium salt of EDTA?

The addition of ammonium hydroxide to EDTA is to increase the solubility of salt in water.
12) Why is EDTA titrations carried out slowly near the end point?

The kinetics of formation of strong and stable complex EDTA with Ca?* and Mg?* ions is
reasonably slow and hence titrations to be carried out slowly near the end point to avoid error.

Experiment-2. DETERMINATION OF % of Cu IN BRASS USING STANDARD
SODIUM THIOSULFATE SOLUTION

1) What are the constituents of brass?

Brass is an alloy of copper (50-90%) and zinc (20-40%). It also contains small quantities of tin,
lead and iron.

2) How is a brass solution prepared?

Brass solution is prepared by dissolving the brass foils in minimum amount of con. HNOs3.

Cu + 4 HNO3—Cu(NO3)2 + 2 H20 + 2 NO2 (brown fumes)

Zn + 4 HNO3—2Zn(NOQg); + 2 H20 + 2 NO>

3) What is the purpose of adding urea to the brass solution?

The oxides of nitrogen present in the brass solution are destroyed by adding urea. The presence
of nitrogen oxides will be responsible for the liberation of extra iodine from K, as they are also
good oxidizing agents.

4) Why is NH4OH added to the brass solution?

The HNO3 present in the brass solution is neutralized by adding NH4OH solution till a pale
bluish white precipitate of Cu(OH)2 is obtained. Otherwise, being a strong oxidizing agent,
HNO:s also liberates iodine from KI.

5) Why is CH3COOH added to the brass solution in the determination of copper?

Acetic acid is added to neutralize the excess of NH4OH and to provide slightly acid medium,
because the oxidation of Kl to I» takes place in acidic medium. Other mineral acids are not
preferable as they will bring down the pH to very small value, at which the liberation of 1> from
KI by Cu?* is not quantitative.

6) Why is KI added to the brass solution?

Cupric ions do not react with sodium thiosulfate solution. However, cupric ions oxidize Kl to
liberate equivalent quantity of iodine (During this reaction Cu?* (blue) gets reduced to Cu*
(colourless) with a change in oxidation state by 1).

2Cu (NO3)2 + 4KI — Cuzlz + 4KNO3

The liberated iodine is titrated with standard Na.S20z solution using starch as indictor.
Na>S406 + 12 — NazS406 (sodiumtetrathionate) + 2Nal
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7) Why is the blue solution of brass turns brown on the addition of Kl solution?

The blue solution of brass turns brown after adding K1 because iodine is liberated from KI.

8) Why is the starch added towards the end point in iodometric titration?

Starch indicator is added near the end point and not in the beginning for the reason that (i) At
high concentration of iodine starch may form an insoluble starch-iodine complex and (ii) The
iodine also gets adsorbed on colloidal starch particles in the starch solution. The adsorbed
iodine cannot be liberated by the addition of sodium thiosulfate, and the amount of iodine
getting adsorbed is more when iodine conc. is high. Thus the error is minimized by adding
starch near the end point.

9) What is the white precipitate left at the end point?

The white precipitate produced at the end point is cuprous iodide (Cuzl2).

10) What is the color change at the end point in the determination of copper in brass?
Starch reacts with iodine to form a blue colored complex. At the end point, when free iodine is
exhausted in the solution, added quantity of sodium thiosulfate dissociates the starch-iodine
complex, consumes iodine and liberates starch, thereby discharging the blue color. For brass

solution, the color change is from blue to white as Cu:l; precipitate is present in the solution.

Experiment-3. DETERMINATION OF CHEMICAL OXYGEN DEMAND OF
THE GIVEN INDUSTRIAL WASTE WATER

1) What is chemical oxygen demand?

COD is the amount of oxygen required for the complete oxidation of organic and inorganic
materials in one liter waste water sample by strong chemical oxidizing agents such as acidified
K2Cr,07. COD is expressed in mg of oxygen/dm?® of waste water.

2) What is the role of silver sulfate in the determination of COD?

Silver sulfate acts as catalyst in the oxidation of straight chain organic compounds, aromatics

and pyridine.

3) What is the role of mercuric sulfate in the determination of COD?

The silver ions in silver sulfate become ineffective in the presence of halide ions (present in
waste water), owing to the precipitation of silver halide. This difficulty is overcome by treating
the waste water with mercuric sulfate before the analysis for COD. Mercuric sulfate binds the
halide ions and makes them unavailable.

4) What is the indicator used in COD experiment?

Ferroin (1,10-phenanthroline-iron (1) complex) is used as the indicator in this titration.
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5) What is the color change at the end point in the determination of COD?
The ferroin indicator is intensely red in color. Strong oxidizing agents oxidizes the indicator to
iron (1) complex, which has a pale blue color.

[Fe(C HN,),]** +¢ ————> [Fe (C,H,N,) ]*

Pale blue Deep red

As long as potassium dichromate solution is present in the solution, the indicator is in the
oxidized form, imparting blue color to the solution. The solution becomes blue green as the
titration continues due to the formation of Cr®* ions as a result of reduction of Cr,0+* ions.
When K>Cr,07 is completely exhausted in the solution the oxidized form of indicator gets
reduced to the Fe(Il) complex form, imparting red - brown color to the solution. Therefore the
end point is marked by the color change from blue-green to red brown.

6) Why sulfuric acid is added during the preparation of standard FAS solution?

Sulfuric acid is added to prevent hydrolysis of ferrous sulfate into ferrous hydroxide.

7) Mention a few applications of COD test?

(a) COD is an important parameter for industrial waste studies.

(b) It gives pollution strength of industrial wastes.

(c) COD test results are obtained within a short time.

8) What is the limitation of COD?

COD includes both biologically oxidisable and biologically inert but chemically oxidisable
impurities in the waste water. One of the important limitations of COD test is its inability to
differentiate biologically oxidisable impurities from other oxidisable impurities in the waste
water.

9) Name the possible impurities present in waste water.

Generally, oxidisable organic impurities present in waste water are straight chain aliphatic
hydrocarbons, aromatic organic compounds, etc.

Experiment-4. DETERMINATION OF IRON IN THE GIVEN SAMPLE OF
RUST SOLUTION USING POTASSIUM DICHROMATE BY EXTERNAL
INDICATOR METHOD

1) What are the constituents of hematite ore?

The main constituents of hematite ore are ferric oxide (Fe2O3) and silica (SiO.). The other ores
of iron are magnetite, siderite, iron pyrites etc.

2) How is dissolution of hematite ore is carried out?

When accurately weighed amount of hematite ore digested with conc. HCI, Fe2Os insoluble

silica is filtered off and the filtrate is the iron solution.
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3) Why is stannous chloride added?

Since iron in FeCls is already in the highest possible stable oxidation state (Fe**), it cannot be
oxidized further. Therefore, it is reduced to ferrous state and then titrated with potassium
dichromate solution, which is an oxidizing agent. Ferric chloride is reduced to ferrous chloride
by stannous chloride in the presence of hydrochloric acid and a slight excess is added to ensure
complete reduction of ferric to ferrous.

2 FeClz + SnCl2 — 2 FeClz + SnCl4

4) Why is the mercuric chloride added?

Mercuric chloride is added to remove excess of stannous chloride. Mercuric chloride reacts
with excess of stannous chloride to form a silky white precipitate of mercurous chloride.
SnC1; + 2HgC1,— SnCls + Hg2Cl>

5) What happens when excess of stannous chloride is not removed?

Since stannous chloride can reduce potassium dichromate, the excess of stannous chloride
added i s destroyed by adding strong solution of mercuric chloride.

6) Saturated HgCl2 solution is added after reduction of Fe3* to Fe?* ions is effected by the
addition of SnC1: solution. In the light of the above interpret the following cases: (a) No
precipitate (b) grey precipitate and (c) silky white precipitate. Which one of the above
precipitates is suitable to carry out the titrations?

(a) The trial should be discarded if no precipitate. is obtained on the addition of HgC1», because
the complete reduction of Fe®* to Fe?* is not ensured.

(b) A black or grey precipitate of finely divided mercury may be produced if too much SnC1;
is present or HgC1 solution is added slowly.

(c) A silky white precipitate of HgCl> should be obtained because HgCl> removes the excess
SnCl; as silky SnC1, + 2HgC1,— SnC14 + Hg2Clz(silky white precipitate) which is suitable to
carry out the expt.

7) The reaction mixture is diluted with distilled water why?

This is to minimize the quantity of the reaction mixture that is taken out during testing with the
indicator drops.

8) Why is Ks[Fe(CN)s] used as an external indicator?

Ks[Fe(CN)s]cannot be used as internal indicator in the determination of Fe in hematite because,
potassium ferricyanide combines irreversibly with Fe*? jons to form a deep blue ferrous
ferricyanide complex. These Fe?* ions involved in complex formation are not available for
reaction with potassium dichromate. Further, the end point cannot be detected as there is no

color change.
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9) Why the color of the indicator drop remains the same at the end point?

At the end point there are no more Fe?* ions available to react with the indicator, as they are
oxidized to Fe** ions. Since Fe* ions do not give any color with the indictor, the color of the
indictor remains the same at the end point.

10) What is the reaction occurring during the titration?

Potassium dichromate in the presence of HCI oxidizes Fe?* ions present in the hematite solution
to Fe** ions and itself reduced to chromic ion.

11) What is an ore?

An ore is a mineral, from which a metal can be conveniently and economically extracted.

12) What is a mineral?

A mineral is a naturally occurring metallic compound.

13) Which is the acid used to convert hematite into Fe3* ions in solutions?

Concentrated HCI is a good solvent for dissolving hematite and to obtain iron in 3+ state.

14) Why is the FeCls solution heated prior the addition of SnC12?

Higher the temperature faster is the rate of conversion of Fe®* to Fe?* state by the reducing

agent, SnCl, temperature.

Experiment-5 POTENTIOMETRIC  ESTIMATION OF FERROUS
AMMONIUM SULFATE USING POTASSIUM DICHROMATE SOLUTION

1) What are potentiometric titrations?

The determination of the equivalence point of redox titrations on the basis of potential
measurements is called potentiometric titrations.

2) What are the electrodes used in potentiometric titrations?

The indicator electrode used is the platinum electrode (acts as an anode) and the reference
electrode used is the calomel electrode (acts as a cathode).

3) What is an indicator electrode?

The electrode whose potential is dependent upon the concentration of the ion to be determined
is termed as the indicator electrode.

4) What is the reaction that occurs between ferrous ammonium sulfate and potassium
dichromate?

Acidified K>Cr,07 oxidizes ferrous sulfate to ferric sulfate and itself gets reduced to chromic
sulfate, i.e. redox reaction.

6 FeSO4 + 7 H2SO4 +K2Cr207— 3 Fe2(S04)3 + K2SO4 + Cra(SO4)3 + 7 H20
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5) Give the principle of potentiometric titration.

In this titration, the end point is detected by measuring the change in potential of a suitable
electrode (which responds to the change in concentration) during titration. In these titrations,
measurements of emf are made while the titration is in progress. The equivalence point of the
reaction is revealed by a sudden change in potential in the plot of emf readings against the
volume of titrant.

6) What are the advantages of potentiometric titrations?

i) Turbid, opaque or colored solutions can be titrated. li) Mixture of solutions or very dilute
solutions can be titrated. iii) The results are more accurate because the actual end point is
determined graphically.

7) What is the determining factor in oxidation-reduction reaction?

The determining factor is the ratio of the concentrations of the oxidized and reduced forms

8) Why does the emf rise steeply soon after the equivalence point?

During the titration [Fe*] goes on increasing and [Fe*?] goes on decreasing as K2Cr.O7 solution
is added continuously, gradually changing the potential. Near the end point the ratio
[Fe3*)/Fe?*] increases rapidly as [Fe?*] becomes very small, and tending to zero at the end point.
But the slight excess of K,Cr,0y7 brings in existence of [Pt/Cr®*, Cr®"] electrode. Because of
both the factor, i.e., increase in the value of [Fe**]/[Fe?*] and change of oxidation-reduction
electrode from Pt/Fe®*, Fe?*to Pt/Cr®* ,Cr3* there is a large change in potential at the end point.
9) What is an oxidation-reduction electrode?

The term oxidation-reduction electrode is used for those electrodes in which potential is

developed from the presence of ions of the same substance in two different oxidation states.

Experiment-6. DETERMINATION OF pKa OF A WEAK ACID USING pH
METER
1) What is a weak acid?

Weak acid is a weak electrolyte which undergoes only partial dissociation in the solution. For

example, acetic acid when dissolved in water,

CH3COOH — CH3COO™ + H*

2) What is pKa of weak acid?

The dissociation constant, Ka = [CH3COO][H*]/[CH3COOH]

Higher the value of pKa, lower is the strength of the weak acid.

3) What is meant by pH of a solution?

Sorensen defined pH of a solution as negative logarithm to base 10 of hydrogen ion
concentration.

pH = -log10[H"]
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4) How are pH and pKa related?

Once the titration is started, the solution contains weak acid and also its salt with strong base.
Thus the mixture is a buffer mixture. The pH of such a mixture is given by Henderson-
Hasselbalch equation,

pH = pKa + logio[salt]/[acid]

At half equivalence point 50% of the acid is converted into salt, and therefore, [acid] = [salt].
Therefore, pH = pKa(because, log[salt]/[acid] = 0).

Therefore pH at half equivalence point gives the pKa value of the weak acid.

5) What are the electrodes used in the measurement of pH for the determination of pKa?
In the determination of pKa of a weak acid, glass electrode (indicator electrode) and calomel
electrode (references electrode) are used. In this case, glass electrode acts as an anode and
calomel electrode as cathode.

6) Why does pH increase suddenly after the equivalent point?

Due to buffer action (of CH3COOH +CH3COONa), the pH rise is gradual till the equivalence
point is reached. The addition of the base, after the equivalent point makes it alkaline and so
the pH increases rapidly.

7) What is degree of dissociation (or ionization) of a weak acid?

The degree of dissociation of a weak acid is given by the ratio of the number of molecules of
the weak electrolyte ionizes to that of the total number of molecules of the weak electrolyte.
8) Why a glass electrode is called an ion selective electrode?

The glass electrode is called an ion selective electrode, because it is able to respond to certain
specific ions (W ion) only and develops potential while ignoring the other ions in a solution.
9) What is the significance of Ka of a weak acid?

The strength of a weak acid is known from the value of its ionization constant, Ka at a
temperature or in other words, higher the availability of H* in solution stronger is the weak acid
or vice versa.

10) The given two acids CHsCOOH and HCOOH, which one is a stronger acid?

The ionization constants of the two, acetic and formic acids are found to be 1 x 103 and 1 x 1
10" at a particular temperature. From the given Ka values, it is evident that formic acid is
stronger than acetic acid. The reason is that the availability of H ions in formic acid is more

than that of acetic acid in aqueous medium at a particular temperature.
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Experiment-7. DETERMINATION OF CALORIFIC VALUE OF A SOLID FUEL
USING BOMB CALORIMETER
1. What is a chemical fuel?

A chemical fuel is a substance, which produces a significant amount of heat energy and light
energy which burnt in air or oxygen.

2. What are the different types of fuels?

Chemical fuels are classified as primary and secondary fuels. Fuels, which occur in nature, are
called primary fuels. Fuels, which are derived from primary fuels, are called secondary fuels.
Chemical fuel are further classified as solids, liquids and gases.

3. Define Calorific value of a fuel? What are its S.I. units?

It is defined as the amount of heat liberated when unit quantity (1 kg or 1 m3) of a fuel is
completely burnt in air or oxygen. Sl unit of calorific value: For solids, calorific value is
expressed in Jkg* (Joules/kg). For gaseous fuels it is expressed in Jm (Joules/m?).

4. Distinguish between gross and net calorific values.

Gross calorific value: It is defined as the amount of heat liberated when unit quantity (1 kg or
1 m®) of a fuel is completely burnt in air or oxygen and the products of combustion are cooled
to room temperature.

Net calorific value: It is defined as the amount of heat released when unit quantity of a fuel is
completely burnt in air or oxygen and the products of combustion are let off into the
atmosphere.

5. What is specific heat of water?

Specific heat of water is the amount of heat energy required to increase the temperature of one
kg of water by one degree centigrade.

6. Why the gross calorific value of a fuel is greater than its net calorific value?

Because while determining GCV, the amount of heat associated with steam (product of
combustion) is take n into consideration, while in NCV determination, the products of
combustion are let off to escape.

7. What is meant by water equivalent of calorimeter?

The amount of water that would absorb the same amount of heat as the calorimeter per degree
temperature increase.

8. If a given fuel sample does not contain any hydrogen in it, then what will be the
difference between its GCV and NCV?

Here GCV = NCV, because when there is no hydrogen in the fuel sample, no water/steam
formation and hence no heat associated with it.
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9. Which one does a bomb calorimeter measure, GCV or NCV?

In a bomb calorimeter, GCV is measured since the experiment is performed at constant volume
and the products of combustion are not allowed to escape but instead cooled to room
temperature.

10. What are the reasons for the difference between theoretical and experimental calorific
values?

When a fuel is burnt in a calorimeter, along with the heat liberated due to burning of the fuel,
heat is also liberated due to burning of the Mg fuse wires and formation of acids such as HNOs
and H2SO4 when Sand N are oxidized. Also, the time taken to cool the water is different from
the time taken to get heated up. All these factors have to be accounted for while determining
the experimental calorific value. Therefore, for more accurate values of the experimental
calorific value the following corrections have to be incorporated:

1. Fuse wire correction 2. Acid correction and 3. Cooling correction.

Experiment-8. CONDUCTOMETRIC ESTIMATION OF AN ACID MIXTURE
USING STANDARD NaOH SOLUTION

1) What is conductance?

Conductance(C) is the capacity of a material to conduct electricity. It is the reciprocal of
resistance, C = 1/R. It is expressed in ohm™ (or mho) or siemen (S).

2) What is specific conductance?

It is the conductance of a solution placed between two electrodes of 1 cm? area and kept 1 cm
apart. The unit of specific conductance is Siemen/centimeter) = Scm™.

3) What factors determine the conductance of a solution?

Conductance of a solution depends on (i) number of ions, (ii) the mobility (velocity) of the ions
and (iii) charges on the ions. However, these depend on (a) Dilution, (b) Temperature, (c)
Nature of electrolyte and (d) Nature of solvents.

4) What are the different types of conductance?

The different types of conductance are i) specific conductance, ii) molar conductance and iii)
equivalent conductance.

5) What is the principle involved in conductometric titration?

In conductometric titration the specific conductance of the solution is measured during titration,
before and after the equivalence point, and the variation of conductance of the solution during
the titration is utilized to locate the end point.

6) Explain the variation in conductance at the equivalence point.

The addition of NaOH to HCI decreases the conductance because of replacement of highly
mobile H* ions (mobility = 350 Sm™) by the less mobile Na* ions. The trend continues till all

the H* ions are replaced and the end point is reached. Further addition of NaOH increases the
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conductance because of the presence of free OH- ions (mobility = 198 Sm™).

(H*+CI) + (Na*" + OH) — (Na*" + CI) + H.0

7) What are the advantages of conductometric titrations over other conventional titration
methods?

a. Not indicator dependent

b. The method is accurate in dilute as well as more concentrated solutions.

c. It can also be employed with highly coloured, fluorescent, turbid solutions. d. Mixture of
acids can be titrated more accurately.

8) Why the conductance does not reach the X-axis?

The conductance does not reach the X-axis i.e. does not become zero because of Na* and CI
ions present in the solution, which have some conductance.

9) What is a cell?

A cell is a device which can produce an emf and deliver an electric current as the result of a
chemical reaction.

10) How would you account for the increase in the conductance after the end point?

11) How would you account for the decrease in the conductivity at the beginning of the
titration?

12) The slope of the first line in the curve is different from that of the second line, explain.
For 10-12 answers, refer question no.6

13) What are conductometric titrations?

A conductance measurement can be used to detect an end point in a titration and such titrations

are called conductometric titrations.

Experiment-9. COLORIMETRIC DETERMINATION OF COPPER FROM
THE EFFLUENT OFELECTROPLATING INDUSTRY

1) What is colorimetry?

Colorimetry depends upon the measurement of quantity of light absorbed by a colored solution
with respect to a known concentration of the substance.

2) What forms the basis for colorimetric determination?

The variation of intensity of color of system with change in concentration of some component
forms the basis and it is based on Beer-Lambert law, which can expressed by the relation,
A=log lo/l= eclwhere A=absorbance or optical density (OD)

¢ = concentration, I=path length, € = molar extinction coefficient

A a c (if | is kept constant)

i.e. the amount of light absorbed is directly proportional to the concentration of the solution.

Transmittance is the ratio of the intensity of transmitted light (I¢)to that of incident light(lo),
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3) What is photoelectric colorimeter?

It is an electrical instrument, which measures the amount of light absorbed using a photocell.
4) What are the filters? Why are they used?

Filters consist of either thin film of gelatin containing different dyes or of colored glass .The
filters arc used in colorimeter for isolating any desired spectral region.

5) State Beer's law?

The intensity of a monochromatic light decreases exponentially as the concentration of the
absorbing substance increases arithmetically.

6) Define Lamberts' law?

The intensity of emitted light decreases exponentially as the thickness of the absorbing medium
increases arithmetically.

7) What is a calibration curve?

It is the plot of optical density against the known concentration of a solution. For solutions
obeying Beer-Lambert law this is a straight line passing through the origin.

8) Mention few important criteria for satisfactory colorimetric analysis?

(@) In order to obey Beer-Lambert law, the solution must not undergo solvation, association,
dissociation, hydrolysis or polymerization in the solvent used.

(b) The color produced should be sufficiently stable to permit accurate readings to be taken.
(c) Clear solutions free from traces of precipitates or foreign substances in either blank or
standard test should be used.

9) What is a blank solution?

A blank solution is identical in all respects to the test solution except for the absence of the test
solution.

10) Why are different volumes of solution taken in the flasks?

This is to prepare standard solutions of different concentration, which are used to plot a
calibration curve.

11) Why is a blank solution used to set the instrument for performing experiment?

This is to nullify the absorbance caused due to the coloring impurities present in the reagents.
12) Why isliquor ammonia added? Why is the same amount of liquor ammonia addedto
differentvolumes of CuSO4solution?

Liquor ammonia is added to get cupric ammonium complex ion,

Cu?* + 4NH; — [Cu(NHs3)4]*™?

Same amount of ammonia is added to nullify the absorbance due to any coloring impurities

present in ammonia.
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13) Why is estimation of copper done at 620nm wavelength?
The estimation of copper is carried out at 620 nm wavelength because the complex shows a

maximum absorbance at 620 nm.

Experiment-10. FLAME PHOTOMETRIC ESTIMATION OF SODIUM IN THE
GIVEN SAMPLE OF WATER

1) What is photoelectric flame photometer?

A photoelectric flame photometer is a device used in inorganic chemical analysis to determine
the concentration of certain metal ions like sodium, potassium, lithium and calcium.

2) What is the basic principle of flame photometry?

In Flame photometry quantitative analysis of species is performed by measuring the flame
emission of solution containing metal salt solution are aspirated into the flame. Hot flame
evaporates the solvent, atomizes the metal and excite a valence electron to upper state. Light is
emitted at characteristic wavelength for each metal as the electron return to ground state.
Optical filters are used to select the emission wavelength monitored for analyte species.
Comparison of emission intensities to that of standard solution allows quantitative analysis of
analyte metal in sample solution.

3) What is the basic difference between flame emission spectroscopy and flame
photometry?

In flame emission spectroscopy the emitted light is analyzed by a monochromator(more
complex system), whereas flame photometry is a crude and cheap method uses optical filters.

4) What are the limitations of flame photometry?

1. The low temp of natural gas and air flame compared to other excitation methods such as arcs
sparks and rare gas plasma limits the method to easily ionisable metals.

2. The method can't be used to analyze transition metals as the temp is not high enough to excite
these metals. Suitable only for alkali and alkaline earth metals.

3. A series of standard solutions have to be prepared and a calibration curve has to be plotted
to analyze the unknown sample.

5) What are the advantages of flame photometry?

1. More environmental friendly.

2. No costly chemicals required.

6) What are the applications of flame photometry?

1. Can be used routinely to detect the salinity of water sample.

2. Can be used to detect other alkali and alkaline earth metals.
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7) What are different components of a flame photometer?

The different components of flame photometer are pressure regulator, flow meter for fuel gases,
an atomizer, burner, optical system, a filter, a photosensitive detector and an output display
unit/recorder.

8) What are the various events that occur when a solution containing metal ions are
introduced into the flame?

When a solution containing a metallic salts is aspirated into a flame, (about 2100 K) vapour
which contains metallic atoms will be formed. The electrons from the metallic atoms are then
excited from ground state (E1) to higher energy state (En) where n = 2, 3, 4....7, by making use
of thermal energy flame. From higher energy states these electrons will return to ground state
by emitting radiations (En — E1 = hv), which are the characteristic of each element.

9) Name the fuel and oxidant used in this experiment?

The fuel used in this experiment is gaseous fuel and oxidant is O/air

Experiment-11. SYNTHESIS OF CONDUCTING POLYANILINE FROM ANILINE
BY CHEMICAL OXIDATIVE POLYMERIZATION

1) What are conducting polymer?

An organic polymer with highly delocalized pi-electron system, having electrical conductance
of the order of a conductor is called a conducting polymer

2) Name the functional group present in aniline?

The functional group present in aniline is amine (-NH2)

3) Why freshly distilled aniline is employed in the reaction?

Aniline undergoes aerial oxidation over a period of time

4) What is the role of ammonium persulfate in the reaction?

Ammonium persulfate is an oxidizing agent

5) Give two criteria for polymer to be electrically conducting?

Linear structure with alternate single and double bonds, i.e., extensive pi conjugation in the
backbone

6) What are the visual changes during polymerization?

Colour of the solution changes from colourless to dark green colour

8) What are the applications of conducting polymers?

They are used as electrode material in capacitors, ion-exchange devices, light emitting diodes,
electrochromic display windows, bio sensor, humidity sensor, radiation sensors, conductive

tracks on PCB’s etc
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