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CH104 Quantitative Analysis (Lab)
Introduction

In this course you will learn basic volumetric agdavimetric methods of
chemical analysis. Volumetric involves measuremeait volumes of reagents
participating in a chemical reaction. Gravimetnmwvolves measurement of weights of

solid precipitates resulting from a chemical reatti

The usual questions which are answered by doingaatdative chemical analysis
are: (i) What is the concentration of substaAce the given solution. (ii)) What is the
percentage by weight of substarfeén the given sample. These are important questions
in many contexts in chemistry as well as othedBedf science dealing with any type of

material.

What you will learn in this one semester cours@ala dozen 3 hour laboratory
sessions) is a small part of analytical scienceu Yall become familiar with the
theoretical basis of some of the most commonly wsaalytical procedures, and with
practice you will be able to produce a reliableulefom your work in the laboratory.
You will be always on the look out for possible sms of errors in your measurements

because a result which is not reliable is no resuil.

Suggested Reading) Vogel's Textbook of Quantitative Inorganic Alysis, K
Edition, Revised by J. Bassett, R. C. Denney, QJdffery, and J. Mendham, Longmann
(1982); (i) Quantitative Analysis, R. A. Day and A Underwood, % Edition, Prentice-
Hall (1988).
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General Instructions

(i) For each lab period you will be given the diet@iprocedure in advance.
Record your observations in the data sheets prdvi@ebmit a detailed report as
per the instructions. The report should be prepared4 size sheets and attached
to the printed procedure sheets and submitted dh@wing week. The reports
should be preserved in a folder till the end of ¢berse. Follow a simple style,
write neatly and legibly.

(i) Read the background material either from thewe references or any other

source before coming to the lab.

(i) Work safely: wear a lab coat, wear gogglexnd pipette corrosive

substances with mouth — use an aspirator.

(iv) Work neatly and quietly — keep your bench spaad common bench space

and the balances clean and tidy. Untidy work mégeitnegative marking.

(v) Note your measurements (weights, titre valueshe sheet given as and when
you take a reading. Get it signed by the instrubtdore leaving the lab.

Your work will be continuously evaluated based ba accuracy of the results,

lab report and viva. There will be no lab exams.

This lab manual and additional material is at th®ir se website -
http://chemistry.uohyd.ernet.in/~mvr/ch104
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Experiment 1 : Check the accuracy and precision ofour volumetric measurements.

Method Measure out known volumes of distilled water gsuarious volumetric apparatus and determine
their weights accurately, correct to 1 mg. Calauldte volume using density. Repeat the measurement
several times.

Density of pure water at different temperatures :

Temp. /°C 21 23 25 27 29 30
Density / g crit 0.9970 0.9965 0.9960 0.9955 0.9949 0.9946

Procedure Clean the glassware (burette, pipette, measujarg conical flask)
thoroughly. Rinse with distilled water and draihtHe glassware is clean the water will

drain out completely without forming droplets or tjlass surface.

Familiarize yourself with the use of burette, pipestandard flask, measuring jar and the

analytical balance.

Note the weight of a conical flask accurately (eotrto 1 mg). Measure out accurately a
known volume of distilled water (for example, 5 ) ml etc.) into the conical flask
using your burette. Record the weight. Calculagevitblume using density. Compare the
calculated volume with the value read from the tiardRepeat with different initial and

final burette readings.

Do the above experiment with your pipette, standiagk, measuring jar. Repeat at least

once.

Record your observations in tabular form.

Wt of empty Initial burette | Final burette Measured Wt of flask + Calculated
flask (g) reading (ml) reading (ml) volume (ml) water () volume (ml)
Wt of empty Volume measured with pipette / | Wt of flask + water Calculated volume(ml
flask (g) standard flask / measuring jar (mf)

Record your conclusion.

Study QuestiorDescribe the meaning of the terms: (i) accuragyp(ecision.
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Experiment 2 : Acid base titration. Standardisation of sodium hydroxide with

potassium hydrogenphthalate.

Method Potassium hydrogenphthalate is a monobasic adi@. neutralization reaction with sodium

hydroxide is represented as,

HK(CgH40) +NaOH = NaK(gH.0,) + H,0.

The equivalent weight of each reagent in the abeagetion is its molecular weight. A solution having
known concentration of the acid is prepared byahssg the solid in water. This is the standardusoh.
A known volume is then titrated against sodium loyilte using phenolphthalein as indicator.
Phenolphthalein is colorless in acid and red imlaliAt the end point the colorless solution conitag the

indicator becomes red.

Procedure

Preparation of the standard solutio@lean a 100 ml standard flask. Rinse it threeeéim
with small quantities of distilled water. Put aaheand similarly rinsed funnel on top.
Transfer about 2 g of potassium hydrogenphthalata tlean dry weighing bottle and
note the weight accurately. Carefully transfer soéid to the funnel. Weigh the bottle
again. With the help of glass rod carefully addidiesl water to the funnel taking care to
bring all the solid into the flask. Rinse the fuhseveral times with small quantities of
distiled water and remove the funnel. Gently swilie flask to dissolve the solid
completely, adding more water if necessary. Aftex solid has completely gone into
solution, carefully add more distilled water to gtandard flask till the level touches the
graduation. You will have to add the water drop dygp when you are close to the
graduation mark. View without parallak.you added too much water you will need to
repeat from start.Stopper the flask and mix the solution by gentlyerting it and
reversing several times. Calculate the normalitythaf solution.This is the procedure
which you will follow also for future experimentsr fthe preparation of standard

solutions.

Standardisation of sodium hydroxid€lean a burette and rinse three times with small
guantities of distilled water. Rinse it again thtemes with small quantities of sodium

hydroxide solution. Fill it with the sodium hydrabd solution. Note the initial reading.



Clean a conical flask and rinse it three times wiitttilled water. Pipette 20 ml of your
standard solution into the conical flask. Add a fedvops of the indicator
(phenolphthalein). Titrate by carefully running time solution from the burette. Gently
swirl the flask during the titration. Stop when t@our changes to red. Note the burette
reading. The end point is obtained within one drop of th&ahl Repeat till two
consecutive titre values are sarii@is is the general procedure for titrations. Iriute
the description will be more concise, omitting waghrinsing etc. But remember to do

them!

Calculate the normality of sodium hydroxide, usiigidNacia = VakaiNakai Where V

denotes volumes aridldenotes normality.

Study Questiongi) What is a standard solution? What are primarg secondary standards? What are the
main characteristics of a reagent used as printandard for titrations? (i) Why do you rinse therdtte
with the reagent but not the titration flask? (Kdr more accurate work, a known amount of the &tid
solid form is directly added to the titration flagkssolved in some distilled water (volume notgsely

known) and titrated against the alkali. How willuyoalculate the normality of the alkali in this eas
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Experiment 3 : Acid base titration. (i) Standardisation of hydrochloric acid. (ii)

Estimation of sodium carbonate. (iii) Estimation ofsodium carbonate and sodium

bicarbonate in a mixture.

Method Indicators change colour within well defined p&hges: phenolphthalein changes from colourless
to red in the range 8.0 - 9.6; methyl orange charfigenm red to yellow in the range 3.1 - 4.4. The jpbt
after the neutralization point depends upon thengfth of the acid / base, ie., thelit,g pK..

Hydrochloric acid is standardized against previpssandardized sodium hydroxide using phenolphthale
as indicator: HCIl + NaOH = NaCl +8.

The decomposition of carbonate by acid takes pladeo steps: (i) C&F + H* = HCQy~. (i) HCO; +
H* = HO + CQ. At the end of step (i), the pH will be near ab®itor 9. After the complete

neutralization, the next drop of HCI will bring dovhe pH to near about 3 or 4.

The NaCO; content of the given sample is determined byti@raagainst standard hydrochloric acid using
methyl orange as indicator: p&0O; + 2HCI = 2NaCl + HO + CQ.. The equivalent weight of N@GO; is
half its molecular weightM). This meandW/2 g of NaCQO; is equivalent to 1000 ml of 1 N HCI. It also

means that the molarity of a solution of,8&s is half its normality.

The total amount of carbonate and bicarbonate énntixture is determined by titration against stadda
hydrochloric acid using methyl orange as indicat@0;*” + HCO;” + 3H" = 2H,0 + 2CQ. Another
titration using phenolphthalein as indicator wilkgthe concentration of carbonate. £& H* = HCQ;.
If the above titre values aig, andV, respectively, then carbonate is equivalent\fp @1d bicarbonate is
equivalent toVy, — 2V,. Note that in the second titration the pH changerdékatively slow near the

neutralization point, therefore the colour changenot sharp and the titration has to be done slowly

Procedure

(i) Standardization of hydrochloric acidransfer 25 ml of sodium hydroxide solution to
a 250 ml conical flask using a pipette. Dilute watlittle water (about 10 ml) and add 1-2
drops of phenolphthalein. Titrate against hydroghblacid taken in a burette. Repeat till
concordant titre values are obtained. Calculatentrenality of the acid using the given

normality of sodium hydroxide.



(i) Estimation of NgCO; content of the given sample

A : Weigh accurately about 0.6 g of the sampleg) into a 100ml standard flask.
Dissolve in distilled water and make upto the maith distilled water. Titrate 25 ml of
this solution against standard hydrochloric aciorifmality, N;) using 1-2 drops of methyl
orange as indicator. When the colour becomes \aint fellow, continue the titration
dropwise until the colour becomes orange or a faink. Repeat the titrations till
concordant valuesV{) are obtained. Calculate the normalify, (= VaNa/25) of the
sodium carbonate solution and the percentage poiritie sample. [Amount of NEO;
in the weighed sample) = (100/1000) xN/2) x M ; percentage purity = 108w |.

B : Repeat the above experiment by accurately wegghbout 0.15 g of the solid sample
to a 250 ml titration flask (ie., conical flask)sslolving it in water and diluting to about
40 ml and titrating as before. Calculate the peamgps purity. The amount of NaOs in
the weighed sample isn = (Na X V4 /1000) x M /2).

Estimation of NeCO; and NaHCQ in a mixture Accurately weigh about 2.0 g of the
mixture and prepare a solution in distilled wateni250 ml standard flask. Slowly titrate
25 ml of this solution against standard hydrocleloaicid using phenolphthalein as
indicator. Repeat to concordancé, (ml). Now titrate the same volume using methyl
orange as indicator. Repeat to concordakgentl). Calculate the number of equivalents,
in the titrated volume(ie., 25.0 ml), of PEO; (Ecarb = Na X 2 X V,/1000) and NaHC®

[ Ebicab = Na X (Vm — 2V)/1000 ]. Hence calculate the respective amoumid a
percentages in the given sample.

Study Questionsfi) Look up the molecular structures of the indizat used in this experiment. What
chemical reactions cause the colour changes in e@sdf®? (i) Make a plot of the change in pH whBr®2
ml of a 0.100 M solution of NaOH is titrated agai®s100 M HCI. (Use a graph paper! Mark enough

points to get a smooth curve!!)
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Experiment 4 : Acid base titration. (i) Determination of total alkali content of a

commercial detergent. (ii) Determination of aceticacid content of commercial

vinegar.

Method: Aqueous solutions of detergents are alkaline tdutae presence of free soda ash,(2) and
due to hydrolysis of fatty acid salts. Total alketintent can be obtained by titration against steahd
hydrochloric acid. Similarly, the total acid contesf vinegar (mainly acetic acid) can be determitgd

titration against standard sodium hydroxide.

Procedure:

(i) Determination of total alkali content of a commaetailetergent Transfer about 0.5 g
of detergent (accurately weighed) into a 250 miicairflask and dissolve in about 30 ml
distilled water. Titrate against standard hydrodbloacid using methyl orange as
indicator. Calculate the total alkali content angbress it as so many grams of,S&s

per 100 g. Express this also in terms ob®laRepeat the experiment at least once to
check the precision of your resullote You may need to standardize the given

hydrochloric acid

(i) Determination of the acetic acid content of vineg@ransfer using a graduated
pipette 20.0 ml of vinegar into a 100 ml standdatkK. Make up to the mark with

distilled water. Titrate 25 ml of this solution agst standard sodium hydroxide solution
using phenolphthalein as indicator. Calculate thtal acid content and express it as

grams of acetic acid per 100 g of vinegar (assuntenaity of 1.00).

Study QuestianHow will you prepare 250.0 ml of exactly 0.100Chidrochloric acid if you are given the

concentrated acid which is approximately 12 M ?
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Experiment 5: Redox titration. (i) Standardization of potassium permanganate. (ii)

Estimation of iron.

Method: In acid solution the reduction of MgQrorresponds to the following stoichiometry :

MnO, + 8H + 5e5 Mn* + 4HO.
The equivalent weight is therefore one-fifth thelesalar weight. Solutions of potassium permanganate

can be standardized against a standard solutisoddim oxalate:

G0 + 2H S H,C,0,
2MnO,”~ + 5HC,0, + 6H = 2Mrf" + 10CQ + 8HO

Since the oxidation corresponds to the half reacti9O,”~ S 2CG + 2e, the equivalent weight of

sodium oxalate is half its molecular weight.

Fe" in acidified aqueous solution is quantitativelyiddzed by MnQ™ and this forms the basis for the

determination of iron (which should be presentdlugon in the ferrous state).

MnO,” + 5F& + 84 = Mrf" + 5F& + 4HO

The equivalent weight of Eéis its molecular weighte., one-fifth a mole of Mn@ is equivalent to 1 mole
of Fé&”.

Potassium permanganate titrations are self-indigasince permanganate has a pink colour even i ver

dilute solution while the products of the reactare almost colourless.

Procedure:
(i) Standardization of potassium permanganate

Preparation of potassium permanganate solutid®deigh about 1.5 g of potassium
permanganate into a beaker (approximate weight da)l. Dissolve it in water and
transfer to a 500 ml reagent bottle. Add enoughewab that the total volume is

approximately 500 ml. Label it as 0.1 N potassilampanganate.

Preparation of standard solution of sodium oxala#ecurately weigh about 1.7 g of
sodium oxalate into a 250 ml standard flask. Digsatl in distilled water and make up to

the mark. Calculate the normality.



Titration of sodium oxalate against potassium parganate: Transfer 25.0 ml of the
standard sodium oxalate solution to a 250 ml cdnflzsk using a pipette. Add
approximately 100 ml of distilled water followed bpproximately 40 ml of dilute (3M)
sulphuric acid. Rapidly titrate against potassiuernpganganate solution taken in a
burette. When the first pink colour appears ingbkition, stop the titration and allow to
stand till the colour disappears (about 1 minutélen warm the solution to 50-6C.
Continue the titration adding one drop at a tiMleatfaint pink colour persists for at least
30 s. The solution should be warm till the endhaf titration. Calculate the normality of

potassium permanganate.

(i) Estimation of iron in the given solutio@uantitatively transfer the given ferrous salt
solution to a 100 ml standard flask. Add 10 ml dfite¢ sulphuric acid and make up the
volume with distilled water. Pipette 25.0 ml ofdtsolution to a conical flask, add 25 ml
dilute sulphuric acid and titrate against standasthssium permanganate to a permanent

pale pink colour. Calculate the amount of ironHa given sample.

NOTE: Preserve the potassium permanganate solution fetrrweek’s experiment

Study Questiong(i) If 0.165 g of sodium oxalate is weighed iradbeaker, dissolved in dil.,BO,, the
solution warmed and titrated against 0.156 N KMn&hat will be the titre value? (ii) 0.565 g of ansple
of iron ore is dissolved in conc. HCI and reducedré(ll) with stannous chloride. The solution isatied
against 0.106 N KMn@ If the titre value is 23.7 ml, calculate the marage of iron in the ore. Write

balanced equations for the reactions involved im élperiment.

10
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Experiment 6: Redox titration. Estimation of hydrogen peroxide.

Method: Potassium permanganate is reduced by hydrogenide in presence of acid as follows:
2MnOy; + 5H,0, + 6H" = 2Mrf* + 50, + 8H,O

Therefore, 1 ml of 1IN KMnQis equivalent to 0.5 milli-moles of ..

Procedure: Transfer 10.0 ml of the hydrogen peroxide solutto a 250 ml standard
flask using a burette or pipette with an attachgober bulb (DO NOT SUCK WITH
MOUTH). Make up to the mark with distilled water.ibMwell. Pipette 25.0 ml of this
solution into a conical flask, dilute with aboutQLthl water, add 20 ml 3 M sulphuric
acid and titrate with 0.1 N potassium permangamaténe first permanent faint pink
colour. Repeat to concordance. Calculate the weighith,O, per litre of the given
solution. Calculate also the ‘volume strength’,,itte number of ml of oxygen at s.t.p.
that will evolve by decomposition of 1 ml of thdwoon.

Note If you prepare fresh potassium permanganate yol haive to standardise it as

described in the previous experiment.

Study QuestianWrite half reaction for the oxidation of hydrogparoxide. How does this reaction differ
from the decomposition reaction? The decomposité@ttion is catalysed by MpOTraces of Mn@ may
form in permanganate titrations if sufficient agsdnot present. How will this affect the accuradytioe

determination?

11
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Experiment 7: Redox titration. (i) Standardisation of ammonium ferrous sulphate

using potassium dichromate. (ii) Estimation of banum as chromate by back titration

with potassium dichromate.

Method: Potassium dichromate, though not as powerfubxddizing agent as the permanganate, has the
advantage that it is more stable in solution andlwa obtained in pure enough form for use as agsgim
standard. However, it is not self-indicating beeaakthe green colour of the product {Caquo)).

Cr,07 + 14H + 6e5 2Cr* + 7TH0

The equivalent weight is one-sixth the moleculaight

Barium can be precipitated as chromate and thepitate dissolved in dilute acid.
2BaCrQ + 2H = 2B&" + CrO/” + H0
A known excess of Fe(ll) solution of known concatitin is then added which will be quantitatively

oxidized by the GO;*. The excess Fe(ll) is titrated against standategsium dichromate.

Procedure

(i) Standardisation of ammonium ferrous sulphate

Preparation of standard solution of potassium darhate Weigh accurately about 1.2 g
of potassium dichromate into a 250 ml standardfl&éssolve and make up to the mark

with distilled water. Mix well. Calculate the noriig

Preparation and standardisation of ammonium ferreu¢phate solutionWeigh about
10 g of ammonium ferrous sulphate into a 500 myeed bottle. Dissolve in about 200
ml of distilled water and add about 50 ml of 3 Mpdwric acid and mix well. Pipette
25.0 ml of the solution to a conical flask, add @b of N-phenylanthranilic acid
indicator. Add about 20 ml 3 M sulphuric acid, ddwith about 20 ml water and titrate
with 0.1 N potassium dichromate until the colouampes from green to violet - red.

Repeat to concordance.

12



(i) Estimation of barium in the given solutiofransfer the given solution quantitatively
to a 100 ml standard flask and make up to the mattk distilled water. Pipette 25.0 ml
of this solution to a beaker. Add 1 ml of 6M acesicid and 10 ml of neutral 3M
ammonium acetate. Heat to boiling and add dropswisth constant stirring, a slight
excess of ammonium chromate (or potassium chronsatajion using a dropper. Place
the beaker on a water bath till the precipitatetleset Test for completeness of
precipitation by adding a little more of the reagexlow to cool. Filter carefully, discard
the filtrate and wash the precipitate with waterankfer the precipitate along with the
filter paper to a conical flask. Dissolve the ppégite in dilute sulphuric acid. Add 50.0
ml of the previously standardized Fe(ll) solutiohitrate the excess Fe(ll) against

standard potassium dichromate. Calculate the amadurdrium in the given solution.

Study Question Calcium in a sample of chalk, for example, canestimated by converting to oxalate or
chromate, which are both insoluble in water. Ouetlansuitable procedure for these experiments baised

redox titrations.

13
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Experiment 8: Redox titration. lodometry — (i) Stardardisation of sodium

thiosulphate. (ii) Estimation of copper.

Method: lodometry involves titration of iodine liberatéa chemical reactions against a standard solution
of a reducing agent (usually sodium thiosulphate).

I, + 2805 = 2I + SO~

One mole of ] is equivalent to 2 moles of thiosulphate. The eajeint weight of sodium thiosulphate is the

same as its molecular weight.

Potassium iodate can be used as primary standamsbétium thiosulphate. Its equivalent weight is-one
sixth the molecular weight:
IO + 5I' + 6H = 3, + 3HO

An example of a reaction in which iodine is libeeht
2C#* + 4 = 2Cul + 4

The above reaction can be used for the estimaficomper in a solution of a Cu(ll) salt.

A freshly prepared starch solution is commonly esgpt as indicator in iodometric titrations. It puogs

a blue colour in presence of iodine.

Procedure:

(i) Standardisation of sodium thiosulphate

Preparation of standard solution of potassium i@tafccurately weigh about 0.35 g of
potassium iodate into a 100 ml standard flask. @¥ssin distilled water and make up to

the mark. Mix well. Calculate the normality.

Preparation and standardisation of sodium thiosalighsolution: Dissolve about 12 g of
sodium thiosulphate in about 500 ml water and sior@ reagent bottle. Pipette 25.0 ml
of potassium iodate into a conical flask. Add 10 ahla 10% solution of potassium
iodide, followed by 3 ml of 1M sulphuric acid. Tate the liberated iodine with sodium
thiosulphate solution. When the colour has becoale pellow, dilute to about 100 ml

14



with distilled water, add 2 ml of starch solutiomdacontinue the titration until the blue
solution turns colourless. Repeat to concordan@culate the normality of sodium

thiosulphate.

(i) Estimation of copper in the given Cu(ll) saMVeigh out accurately about 5 g of the
salt into a 250 ml standard flask. Dissolve initlest water and make up to the mark.
Mix well. Pipette 25.0 ml of this solution into amcal flask. Add 10 ml of a 10%
solution of potassium iodide. Titrate the liberateatine with standard sodium
thiosulphate using starch indicator as before. Repe concordance. Calculate the

percentage of copper in the given salt.

Study Questions(i) In solutions containing iodine and an ioditlee following equilibrium is obtained ; |
(ag) + ' S I3. Will this affect the accuracy of the above tiwmas? Explain. (ii) lodide is slowly
oxidized by oxygen in presence of light. Write dalbaed equation. How will you minimize the erroredu
to this reaction in your work. (iii) lodine has appiable volatility. How will you minimize the enmraue to
this? (iv) You have analysed a pure copper(ll). dalhat complications may arise when you try to gppl

this procedure to estimate the percentage of capger ore?

15
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Experiment 9: Redox titration. lodometry — Estimaton of hydrogen peroxide

Method: lodide in an acidified solution is slowly oxididdy hydrogen peroxide. The reaction is greatly
speeded up by small amounts of ammonium molybdate.

H,O, + 2H + 2 = b + 2HO

Procedure: Transfer 10.0 ml of the given hydrogen peroxstgution to a 250 mi
standard flask using a burette or pipette withl#ben aspirator (DO NOT SUCK WITH
MOUTH). Make up to the mark with distilled water.iMwell. Take 10 ml of a 10%
solution of potassium iodide in a stoppered baitid add 100 ml of 1M sulphuric acid.
Pipette 25.0 ml of the hydrogen peroxide solutimo this bottle, stopper it and allow the
mixture stand for 15 minutes. Titrate the liberait@tine against standard (0.1 N) sodium
thiosulphate. Add 2 ml of starch solution when slodution is pale yellow and continue
the titration till the blue colour is dischargedepgeat to concordance. Calculate the

weight of HO; per litre of the given solution.

In another experiment, pipette 25.0 ml of the hgéroperoxide into a conical flask. Add
100 ml 1M sulphuric acid, 10 ml of a 10% solutidnpotassium iodide and 3 drops of
3% solution of ammonium molybdate. Titrate the solu immediately with standard
sodium thiosulphate as before. Repeat to concoeddalculate the weight of B, per

litre of the given solution.

Study Questions (i) Why do you use a stoppered bottle in thevabexperiment. (i) The presence of
ammonium molybdate also speeds up the air oxidaifoldl. Will this affect the accuracy of the above

determination? If yes, how will you minimize theag?

16
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Experiment 10 : Precipitation titration — Argentometry. Standardisation of silver

nitrate and estimation of chloride

Method: AgCl formed by the reaction between silver ahtbdde ions in ag. solution is a sparingly soluble
precipitate (solubility product 1.2 x 16).

Cl + Ag" = AgCl

At the equivalence point [ = [CI] = 1.1 x 10 M. If a solution of chloride is titrated against®RO;,
and if one plots the concentration of Aigns against volume of AgNQOadded, a rapid change in Ag
concentration occurs in the neighborhood of theivadence point. This forms the basis for this

precipitation titration.

The end point can be detected in different ways:th®y formation of a coloured precipitate (Mohr’s
method), by the formation of a soluble coloured poond (Volhard’s method), by using adsorption
indicators (Fajan’s method), or by the turbiditythwel (Gay Lussac’s method and its modern versions).
We will use the Mohr’'s method in this introductoexperiment. In this method, potassium chromate
solution is used as indicator which produces treisgly soluble, red silver chromate (solubilityopuct

1.7 x 10" at the end point.

Procedure:

Preparation of standard solution of sodium chloritiéeigh accurately about 1.4 g of the
pure dry salt into a 250 ml standard flask. Dissdlvin distilled water and make up to

the mark. Calculate the molarity.

Preparation and standardization of silver nitrai®'eigh about 3.4 g of silver nitrate into
a 250 ml reagent bottle and dissolve it in 200 ratex. Pipette 25.0 ml of the standard
solution of sodium chloride into a 250 ml conicksk. Add 1 ml of a 5% solution of
potassium chromate. Slowly titrate against theesilvitrate until the red colour formed
by the addition of each drop begins to disappearenstowly. Continue the titration
dropwise until a persistent faint reddish-brownocwlis obtained. This is the end point.

Repeat the titration till concordant values (agrgevithin 0.1 ml) are obtained.

17



Estimation of chlorideTransfer the given solution quantitatively to @01ml| standard
flask and make up to the mark with distilled watBo a Mohr titration as before.

Calculate the amount of chloride present in thegisolution.

NOTE: For accurate results with Mohr’s method ankl#tration is to be performed by adding 1 ml loét
indicator to a volume of water equal to the finalume in the previous chloride titration and theidiag
silver nitrate solution until the colour of the bkamatches with that of the chloride titration. Mwume of

silver nitrate added (~ 0.03 — 0.10 ml) is to betsacted from the original titre value.
Study Questions(i) Which is the more soluble salt, AgCI or A0, ? (ii) In a solution which is saturated

with respect to both the salts, what is the refati@tween the concentrations of chloride and chtema

ions? (iii) What is the purpose of the blank timatin the NOTE attached to the above procedure?

18
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Experiment 11 : Gravimetry — Analysis of barium cHoride crystals

Note: This is a group experiment involving three gragtric determinationsyiz., barium, chloride, and
water of hydration. Each group consists of threglesits (neighbouring students at the lab benchhelf
last group so formed has less than three studém@s, one or two students from the neighbouring grou
will belong to both groups. Each group will submifoint report on the percentage of Ba, Cl an@® th

barium chloride. An empirical formula should be posed consistent with the above results.

Determination of water of hydration

Method: Water of hydration is usually lost when a hyddasalt is heated above 100° C. The percentage of
the water of hydration can be determined by weighie sample before and after dehydration. Heasing
done in a porcelain crucible. The crucible, afteating, should be cooled to room temperature in a

desiccator before weighing.

Procedure: Heat a clean crucible to dull redness for a femutes and keep it in a
desiccator for about 15 minutes. Weigh the crucifil@nsfer about 1.5 g of barium
chloride into the crucible and weigh again. He& tlovered crucible gradually until its
bottom becomes a dull red. Maintain at this temioeeafor about 10 minutes, allow to
cool in a desiccator and weigh. Repeat the heatiogling and weighing till the weight
becomes constant (within about 0.5 mg). Calculhé&e gercentage of water in barium

chloride. Do a duplicate determination.

Study Questions(i) Why do you have to heat the empty crucibédobe weighing? (ii) Why do you need
to cool the crucible in a desiccator rather thas jm open air? (iii) The above determination fallgler the
category of volatalisation or evolution methodsgiravimetry. Another example of this method is the
conversion of many metal compounds to oxides bynthé decomposition. What requirements are to be
met for such decompositions to be used in gravimatralysis? What weight of AD; will be obtained by
the decomposition of 2.5000 g of (WEBO,-Aly(SQy)3-24H,0 ?
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Determination of chloride

Method: Chloride is precipitated and weighed as AgCinditions for such precipitations for gravimetry
are to be carefully controlled to minimize errorgedto solubility and coprecipitaion. Further, the

precipitate should be obtained in a form that séfitle and filter easily.

Procedure: Clean a sintered glass crucible (Grade 4) aepkn an oven (about 120°
C). Weigh out accurately about 0.4 g of barium dhl®into a 250 ml beaker provided
with a stirring rod and watch glass. Dissolve iro@h150 ml water and add 0.5 ml
concentrated nitric acid. Add 0.1 M silver nitratlewly and with constant stirring. Only
a slight excess should be added, checking for cetempess by allowing the precipitate to
settle and and adding a few drops of silver nittathe supernatent. Heat the suspension
nearly to boiling with constant stirring and maintaat this temperature until the
precipitate coagulates and the supernatent liqudadeiar. Confirm that the precipitation is
complete. Keep the beaker aside in a dark cormaarfdiour. Take out the crucible from
the oven and allow to cool in a desiccator. Notewleight. Again keep it in the oven for
10 minutes and weigh it after cooling in the desioc. Repeat till the weights agree
within about 0.5 mg. Set up the crucible for filiom by suction. Collect the precipitate of
AgCl on the crucible. Use a glass rod fitted withrubber tip (the ‘policeman’) to
dislodge the last small particles sticking to tieaker. Wash the precipitate several times
with small amounts of very dilute nitric acid -ewf ml of the washings collected in a test
tube should not give a turbidity with 1 or 2 drag<).1 M HCI. Dry the crucible with the
precipitate in an oven (about 120° C) for 1 hodlow to cool in a desiccator and weigh.
Repeat the heating and cooling until constant wagghttained. Calculate the percentage

of chloride in the sample.

Study Questions (i) It is advised that the above experiment $thdae done in subdued light. Why? (ii)
Why is it important to wash the precipitate in grastric experiments? In the above experiment what

would happen if the washing is incomplete?
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Determination of barium

Method: Barium is precipitated as BagO'he precipitate is filtered using ash-less filpaper and then

ignited in a crucible and weighed as BaSO

Procedure: Heat a porcelain crucible to redness and keepdasiccator to cool. Weigh
accurately about 0.2 g of barium chloride into ® 28 beaker and dissolve it in about
100 ml water. Heat to boiling, add a slight exaaefskot 0.5 M sulphuric acid slowly and
with constant stirring. Digest on a steam bathluhg precipitate has settled. Confirm
that precipitation is complete by adding a few drag 0.5 M sulphuric acid to the
supernatent. Set up a funnel for filtration with &han (No. 40) filter paper. The
precipitate should be quantitatively transferredh® filter paper using jet of water from
the wash bottle and a ‘policeman’ if necessary. Wt® precipitate several times with
small portions of hot water. Continue the washinglabout 5 ml of the filtrate gives no
turbidity with a drop or two of dilute silver niti@ solution.

Weigh the cooled crucible. Transfer the filter pap&h the precipitate to the crucible.
Dry the paper by keeping the loosely covered ctacidwver a low flame. Gradually
increase the heat till the paper chars and thdil®haatter is expelled. Take care that the
paper does not burst into flame. When the chaisr@pmplete, raise the temperature till
the crucible becomes a dull red and burn off thea@a with free access of air. After the
precipitate becomes white, keep the crucible formi@utes at red heat. Cool in a
desiccator and determine the weight. Repeat heatwgcooling till constant weight is
obtained. Calculate the percentage of barium irsémaple.

Study Questions(i) Why is the treatment of the precipitated Ba$lifferent from that of AgCI? (ii) Can

you suggest a faster method for drying precipifates
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