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COURSE INTRODUCTION |

*Chemistry Lab-I' is the first laboratory course in chemistry. It is designed for students

of Bachelor’s Degree Programme (B.D.P.) in Science who have a background-ip science
and mathemalics. This manua! gives the procedural detajls about various experiments you
are required to perform. Appropriate conceptual basis has also been laid for each
experiment to make this manual complete in itself,

‘Two common tools, a scientist uses, are observation and reasoning. An experiment is 8
controlled observation. We perform an experiment having some aim in our mind, We make

observations and draw conc'usions by logically analysing these observations. Chemistry has - .

been defined as ‘the integrated study of the preparation, properties, stracture and reactions
of the chemical elements a=d their compounds, and of the systezas which they fora.’. 7
such experimental work forms an essential part of chemistry which Fias, indeed, been.
defined 15 an experimental science. One type of experiments in chemistry, known as
analytical experiments, deal with analysing various materials to find the nature and the -
amount of compcrents constituting them. The other type of expcnmenis dcal with syntheSIs
of substances.

Broadly, anal ytical'experiments are divided into two typés, viz., qualita*ive, concerned with
the identification and separation of chemical substances, and quantitative, concerned with
_the determination of the amount of a'chemical substance present, cither alane or in a simple
or complex rixture with other s1hstances. Quantitative aualysm is further classified into
vanous types, €.g:, gravimetric analysis, volumetric or ltrlmclnc analysis, etc. In grawmetrlc
_ anaizgis, the component to be estimated is converte:! into a stable and insoluble precipitate,

~ wricn is collected, dried and weighed accurately. Knowing the chemical reaction involved,
th> rhass of the precipitate can be used ‘o-find the amount.of the substance under

" investigation. You would be doing such expenrnents in 2 1aT6F cottse.

In titrimeric analysis, the material to be estimated'is dissolved in a suitable solvent and is
titraged aga*n<" a standard solution of an appropriaté reagent. Valume of the above solution
alorig i the. volume ard concentration of the standard solution are then used to estimate
=59 -nouqt of.the material, In colorimetric analysis, llght absorbmg property of a substance
is us- 4 fo .ts est .mauon using a colorinteter e

Tk’="ab course is des'gned to enable you to understand ihe pringiple, practicé snd

apr “cation of titrimetric analvsi; in an integrated way. Here, we shall try to analyze a given
material by more than one titriTatric methr"’ In other words, we shall attempt to see how .
differert types. of titrimetric analyses can b= explon.ed to analyse a oompound In this

* process, we will be making use of some instrumental methods too, viz., conductometry,

~ potentiometry and rolorimetry using the instruments conductometer, -pH meter and
colonmeter, respectively. Except colorimetry, the other two instrumental methods are based
- on titrimetric principles only, However, these methods take advantage of some physical
properties of the compound i.e., copi- 1ctance, PH or colour.

This course contains two blocks In Block 1, we begin by explaining the Hasic concepts
involved in titrimetric analysis. We discuss the principles ¢f acid-base titzatiors
potentiometry and conductometry; a~d set expetiments {r you to do using timmetnc
pHmetric and condactometnc methods

In Block 2, we tzke up redox titrationis, explaining first their principles and then
experiments involving the estimatior ~f,on and ropper. We also discuss 11e principie of -

- colorimelry and show how to estimats copper in  ziven solution using this technique.
Lastly, wetake up t'.e analysis of a sample of ‘water to.fi nd out.its hardness, ~.ikalinity and
dissolved oxygen. -

: -Obje‘ctives

 After studying this cou-se and pérforming the expe'"nf ifs set in it you st-uld be able 1o
@ explain the basic o reegts involved in titrimetric :alycls
&  explam the p"ln"lp =z &f acid-base, redex = - de r'"nlexor stric titrations,
- ® -~ workoul %he strichiometric relatlons hased ¢n t ‘1eacuons involved in tbe above,
8 - select anc irce a'::prconate apparah e~ inme or tltrlmqmc Rotenuomf'lnc, .
cond - < and enlorimetric |




e *ake obser ations and calculate results aﬂer performmg the expenments set in the
’ rour== »nd -
® . 3y re the results obtained with those expected, point out sources of error and

" §prest measures for improvement.

oty i
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In this lab eourse, you would be doing t<-elve experiments which involve guantitative
* determénati o of different substances using both the conventional tltnmetnc and
instrumental methods.

Each experimert contains the following six sub-sections :

Princile
Requi-2ments
Procedre
Observations
Calculations
Result

Write up - a =ack ¢ eriment starts with a discussion of the theoretical principles on which
the e~veriment is baed. We would like you to go through this carefully before starting the
_exoeriment. We h~ ¢ introdnced self assessment questions (SAQs)-at appropriate places,
‘which will enabl» 7u to see whether you have understood this part.. Space has been
provided for ansaering the SAQs, so that you can refer back to them whenever necessary.
Ini case you want to supplement your study by consulting other reference books 2 ist is
gwen at the end of Block 2.

R .
L annabyt

The sub-secuon, ‘Reqmremems gives you an idea of the apparatus and chemicals you would
be needing for the experiment. You may have to prepare some solutions yourself, for which
detailed procedures have been given. In addition, some solutions may be prowded which

you may collect from the laboratory staff. ) ]

T‘-e next three sub-sections, i.e., ‘Procedure, Observations and Calculations’ tell you how to
carry out the experiment, take observations, tabuiate them and calculate the result. In.case )
an instrument has to be used in an expenmem a brief descnptlon of the instrument as well
as operating instructions have been given. We would like you to go through these carefully,
discuss with your counsellor and be confident abut handling these instruments. Chemical
analysis is becoming more and more instrument oriented and we would like you to be
familiar with some of the basic instrument; like pH meter, conductomeler colorimeter, etc.
In the last sub-section, ‘Result’, you are requlred to discuss your result and.compare it wnlh
the kno »n value, your counsellor will gwc you.

With the result for each experiment you have to mention % error which you can calculate
using the following fermula,

. Experimental Value -~ C t Value
¢ erior = xperimien alue ._.Correc‘ a ue‘ % 100 i
Correct : alue _ :

We want you to see where the source(s) of error are, 50 that you can improve your
performance. For example in a titration experiment, possible explanation for the

. expenmcntal low values for the molarity include (a) error in weighing of primary standard,
_ (b} in preparation of standard solution, (c) in taking the burette readings (d) in observing/
the colour change of indicator, etc.

Last but 06t the least, check the apparatus as it is gwen to you, especially the burelte, it -
snouid rot leak. Clean the glass apparatus thoroughly as indicated. The analytical balance-
may-also need to be set, you can take ycur counsellor’s help in this. Afier you finish the
exper.ment, clean the a;~2ratus again. You should leave your bench as clean as you got it.

+We have given 2« ‘nnu- 7 =rscautions that need to be observed in the laboratory. Read

ﬂ"f'm carefully af"‘ Ry B Mind you, themicals aze safe if-handled properly

~
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A & 1porta'11 part of you: - wn“‘-kt 2ini g is the ma’ - cuarce 67 a complete and up to
d't.e_ ~uo=d of yeur 12" ony ,{ VC"L' Frrrec ing expermental datg, laboratory
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. You should prepare the pages for recording ata before you come to the lab. For each
expefiment, you should write down the title of the experiment, important chemical
reactions involved and observations. The observation Tables, as given with the experiment

.in your manual, should be given oz the left-hand -page. Calculations and results are reported
on.the right-hand page. You may -2 the calcuiations after the 1ab and record the result in

your notebook. . o

*_The laboratory notebeck m st be submitted to the counsellor for corr-~tions and gracing.
-Marks have been allocate? f v doing the experiment aad for recording it properly. Your. .
counseflor may also conduc: a viva-voce to judge how much you have learnt. There are -

marks for this.too. ‘ ‘ ' -

We want you th share the thrill of learniag by Hoing. There is no better way to learn. -

So, best of lgck.. :

. .
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-BLOCK IthRODUEJ;ioN |

.. Iu this block we mtroduoe the basxc concepts related to titrimetric analysls, particularly,
Ec:d-base utratwns u.smg acid-base 1nd1cators, pH metric-and conductometric methods.

In Unit l you would be mtroduced ﬁrst to the basic skills, such as, how to weigh a sample,
measure volumes and perform & titrimetric expenment Perhaps you have learnt these skills
in your previous ¢lasses. This unit is an important review and extension, In'this unit, you )
‘will alsolearn the handlmg of lab reagents and safety measures to be observed while

" working in the labora.tory As you know; many of the operations conducted in chemistry
laboratory are potenua]ly hazardous .and, therefore you must observe cenam safety
precaunons

'In Unit 2 and Umt 3, we shall discuss the basic theory of acids and bases, the principles of
acid-base titrations, pownttometry and conduciometry. In Unit 2, you will learn how to
- perform acid-base titrations using conductometry In Unit 3, you will learn to analyse a
mlxture of two bases by indicator. method

Objectives

After studying this block and pert'ormmg the expenments set in it, you.should be able to:
e explnm the basic prirciplec acid-base titrations, potentiometry and conductometry,
® prepare standard solutions from primary standards and standardise other solutions,
® estimate acetic acid in vmegar solution using acnd-base mdlcator. pH meter and
. conductometer, i
@ determine the strength of sodmm carbonate and sodium hydroxlde ina gwen so]utlon
: and compare the results obtained by different methods, and
- ®  design experiments employing the techniques. of acid-base indicators, potentlometry
e and conductometry for, ana1y51s of acid base contents of commercial products. i




| UNHT 1 LABORATORY TECHNIQUES
E ___AND PROCEDURES -

' Str_ucture

1.1 Introduction
' Ohbiectives
1.2 Apparatus Commnly Used
How to Use a Pipette '
~ How to Use a Burette
How to Use a Volumetric Flask
. Howwo Use an Analytical Balance = -
1.3 Expression of Concentration
1.4 Standard Solution
1.5 Titratinn
Types of Indicators
Types of Tilrations
1.6 Sample Titrimetric Experiment : Determination ot‘ the
* ‘Strength of Given Sodium Hy-roxide Solution
- Principle '
Requirements
Procedure : .
Observations : .
. Calculations .
‘Result
1.7 Instrumental Determination of Equivalence Pomt
1.8 Common Lab Reagents
I.? - Sarety Measures.n the Laboratory
1.10 Answers to SAQs

LR 701 v 2 b = =+ ey e ot

[Tor o = oy Y

_1_.—i INTRODUCTION

As you know by now, in titrimetry we estimate a substance in solunon by tltratmg lt against

the standard solution of an appropnate substance. Here, we would be dealing with weighing -

- masses of substafices and measuring volumes of theirsolutions accurately, 'We, therefore,
first of all introduce you to the apparatus commonly used in titrimetric analysis, and expiain
its correct use. We also tell you how to make a standard solution and express its -
concentration. A titrimetric analysis involves the detection of the equivalence point where

- the quantities of reactants balance stoichiometrically, for this, methods using indicators and
‘also-various instrumental methods are ayai'able. We briefly introduce you to these leaving

-details for the actual experiment A sample titration has also been described,

‘Finally, we introduce you to the common laboratory reagents and the safety measurss one
- should observe in a chemistry laboratory.

Objec'tives

After reading this unit, you will be ablr te: .

© measyre and deifver sample volumes oy selectmg and usmg ap,propm.te equlpment for - -

titrimetric measurement, . )
@ determine the mass of a sample by correctly usmg analytlcal balance.
® perform hasic laboratory skills, including pouring reagen's and transfemng solids,
. p:epanng s lutions of known concntrations,
® organise and interpret experimental data by et'fectwely tabula...ng the data and also
f plotting it as a =raph, and
® record the obse“ 'ptions and do the c,lcu :tions.

17 APPARATTS COMMONLY USED

Titrimetric analysis invdlves reliahle £r- = >curate measurements of volumes of colutions.
Thres pieces of apparatus, namely, a pi-.:te, a burette and a volumetric flask are

2, pea=- o




'Quantitative Analysls-1

Pipettes which can measure volumes
of less than 1 cm? are alsp available
“with special accessories.

CAUTION! | . :
Do not surk corrrai e liguids Lik
Strong acids and alkalies by mou
“You can use § rubber teats.

* Concave meniscus
Convex meniscus

1he curved surface of & liquid i -
conlainer is known as the meniscu
The meniscus in case of liguids
which stick to the container, is
. Tconcave, e.g., for water and squecns
solutions, while 3 is convex in car
of liquids whicn do not stick to the
container, e.g., for merzury.
4]

A

" Fisg, 1.2 radeated Pinetto.

ind spensable for this purpose. Their use is described here. Before doing the experiment you _

sho '1d go through the instructions given below carefully and work accordingiy.

1.2." How to Use a Pipette

Pipette is used to measure and transfer known volume of a liquid from one cobtainer to
another. ' :

A pipette it shown in Fig. 1.1 (a). As you can ses, it is a long tube with a bulb in the
middie. On *he narrow upper part of the pipeite a horizontal line is marked. This line
indicates the lev' to which the pipette has to b~ filled to deliver the liquid equal to the
volume indicat>d or tke bulb when used in the way described below. Pipettes can be of
different capaci‘ss like 1, 2, 5, 10, 20, 25, 50 cm?, etc. You will use pipeties'mostly of 10
and 20 cm? for - ur experiments.

i

' F_Iﬂ' 1.1:(a) Pipette. | . (b) Handling of a pipette, (<) Correct way to drain out the solution.

Before using a pipette, it has to be thoroughly washed with a good quality detergent :

. followed by plenty of water and finally with disiilled water. This removes all the grease, It
- Is then rinsed with th= sotution which has to be measured, For rinsing, the solution is taken
. in a clean and dry beaker. The pipette is dipped deep into the solution &nd the solution is

sucked into the pipette to fill it up to about halfits'volume. It ‘s thien 1aken out and the

" solution is made to wet it completely from inside by moving the solution up and down and

also around its axis. The sclution is drained out and the whole process is repeated. The

nipette is then filled -vith tiw-solution until the level is about 2 cm above the mark. The top -

+ the pipette is then quickly closed by slightly moist (not wet) index finger, see Fig. 1.1 (b).
*"-> pressure of the finger is slowly released 5o as to allow the solution to run out until the,
i<"ver meniscus just touches the mark, The solution from the pipette is transferred into the

. ¢ ainer in which titration has to be done_The solution is allowed to run out on its own. -

The ast drop of the solution which does not seem to drain out by itself is tiken out gently
by touching the tip of the pipette with the walls of the container for about 3-4 seconds; see
Fig. 1.1 (c). ™0 not blow out the last drop. The volume of the liquid thus transferred

thr Jugi the p "pette is equal to the volume marked on the pipette.

Another type of pipette is designed to deliver definite but different volumes of a liquid. It is
calied a graduated pipette, Fig. 1.2. It has got markings correspondinig to different
volumes. It is also used in a similar fashicn, with the only difference that the liquid is not
completely drained out; instead the voilume requ.red is transferred.

SAQ1 -
Why should you rot blow the tast drep out of the pipetie?

FE TR AT




1.2.2 How to Use a Burette , - Laborstory Techniques and

A burette is designed to transfer definite but variable volumes of a liquid into another

contaiger.

A burette is a long glass tube, commonly of 50,0 <m? capacity in 0.1 cm? unit graduation
marks, Fig. 1.3. It has a stop cock at the lower end to control the amount of solution
- drained. The burette also has to be washed, first with a detergent followed by plenty of
water and finally by distilled water. It is then rinsed with the solution to be measured. For
rinsing it is filled a little less than half with the solution and by repeatedly rotating and
tilting the burette, the solution is m#-2 10 wet it completely from inside. This solution is
discarded. The burett? is then miornted on the stand in an upright position and is filled
‘carefully with the help of a funael. After taking out the funnel, the meniscus is adjusted to a.
- definite graduation mark by drawing out some solution through the stop cock. The bottom
of the meniscus should jus: tonch the graduation mark, While reading the solution. level in
the bureste, your eyes should be on level with the graduation mark, otherwise there would .
be exror due to parallax, Fig. 1.4. It is not necessary to adjust the meniscus at the zero mark C .
- level, if it is too high for the level of your eyss. You cam adjust it at, say 10.0 cm? or any K _ rof
otker couvenient level. . : : '

Eye level
{this reads
“ 136 em¥)
|
. i : urette - Flg. 1.5 : Reading the burette :
Fig. 1.3 : Burette, Fig. 1.4: fl::i:::l_[or b ' ‘hg LS Reading the
‘ ' : parallax card is adjusted to
make the meniscus plainly
visible,

Error in burette reading is among the most common soufces of error in titrimetric analysis.
To make the meniscus more distinct and to ensure that it looks the same always, it is
convenient to place a screen behind the burette as shown in Fig..1.5. This can be made from
e small piece of cardboard covered With white paper with the lower half blackened with
tnk. The black part is to be held downward. This is called & parallax card. You can ask
YOur counsettor to show vou how to make a parallax card.

ARer adjusting the meniscus, the level of the solution in the burette is recorded. This is

called the initial read*e or inital volume. Then the titration is performed and at-the end of

the titration, the !=xel of the st 'ution is recorded. It is called the final reading or final . :

volume The difference of ihe twe readings, (finai reading - initial reading), gives the - _ _ 5




! PRECAUTION! .

heated ahove 298 K,

No standard spparstus is o %e

10
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volume of the solution transferred to the titration flask. The cdrect way of delivering
" liquid from buretie is shown in"Fig. 1.6, o '

B L VL T P O

\Vhit‘c ﬁap:r'

" Fig 1.6 : Delivery of liguidrom a burette. |

123 How-to Use a Volumetric Flask

" A volumetric flask i used to prepare a definite volume of a soluuion of precisely known

concentratica, ‘

Volumetric or measuring flask has a flat bottom with a long, narrow neck, Fig. 1.7. It has a

.calibration mark on its neck which indicates the level up to which the flask is to be filled to

get a volume equa! to the ore inidicated on. the flask.

Fig. 1.7 : Volumeiric fasks

“You will be using volumetiic flasks of 100 cm? and 250 cm? capacity. The flzsk, before use, -
- 'is cleaned the-oughly, washed with distilled water and allowed to drain. The weighed

compound is transferred into the flask with the help of a funnel. It is first dissolved in' just
enogh water; the solution is then made up to the mark by carefully adding more distilled™
water. T} is can be done with a wash-boitle or better with a pipette. The flask has to be

‘st~ppered tightly and shaken well before use to get a homogeneous solution. . -

>
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"1.2.4 How to Use gnAnalyﬁcﬁl'Ba'_lance

In titrimetric analysis, you will invariably have to prepare a standard solution, You would -
be-required, for this purpose, t0 weigh a solid accurately by using an analytical balance. It is

- yery important to learn the use of an analytical balance because accurate weighing is -
important for the accuracy of any titrimetric experiment.

. - A commonly used analytical balance is shown in Fig. 18. The various parts of the balance

] are labelled in the figure. Before using the balance, you have to first determire the zero -
“point of the balance. For this purpose, the side doors of the balance are closed and the

arrest knob (1) is slowly and carefully turned counter-clockwise. Avoid jerks as they may
disturb the setting of the balancé, - .-

\\. e

VR
pleferieli@ ~
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= -'I'q-:éﬂ—""i'.’-.f\;. '—':‘.!"' S5

X

= =

ISS

SN =

]

Y =

N (e
W/////////////WW/{//”%/{/_J_MJ%MW
q X == - i

" Fig. 1.8 : Analytical balance -

When the arrest-knob is turned fully to'the left, the poin*er (2) starts swinging around the
centre of the scale (3). The first two swings are ignored and starting with the third swing,

- - the extreme positions of the swing are noted. The swings to the right are positive and those
1o thie left are negative. The readings to the Jeft an right are averaged separately and the

mean of these averages is found, which is the zero point. The following éxample will make .

it'olear. - ) . ._
. Reading on fhe ot Reading on the Right
. - —59 S +50
2 —40 +40
3. .30 , +30
4. . =20 -~ T
' _— . - +12
—149 et
— 140 ‘ 12.0
Average = 35 3 4 .
* Mean Value = - 3'2ii= 0.25

.. -

“The zer;) pointis GQZ'S; i.le., 0.25 units to the right.

. at which the poinfer of the

* . Ideally the zero point should
coincide with the middle or the zero
of the scale.

" Lasoratiry. Techalgors wid -
" - Procedores

Zero point is the point on.the scale

unloaded balance comes to rest.

— O TS




Quantiintive Anafysis-1

" Fig. 1.9 : Weighing bottle

(T

Such small discrepancies between the zero poinf and the middle of the scale may be ignored

* as they ere-insignificant. Howevef, if the deviation is large, e.g., greater than 1.5 units, the

balan<e must be adjusted by means of the screws (4), for which you may reguest your
ccupsellor, : S o

After adjusting the zero point of the balance (if necessary), we come ta actual weighing.-f’or

this purpose, we use a glass ot a plastic weighing bottle, Fig. 1.9. First of all, the weighing - -

bottle is weighed on a rough balance to find its approximate mass to the nearest gram.
Then, the left side door of the analyticat balance is.opened and the weighing bottle is kept
on the left side pan ¢5) and the door is closed. Similarly, through right side door, weights
equal to the approximate mass of the weighing bottle are transferred to the right side pain i
from a weight box; Fig. 1.10... - '

Eou must close both the doors of the balance before raising the pans with the arrest
nob. C - S ‘

-

) S EBgosa e

/@é—) <) ) . $60mg  200mg 200mg 100mg S0mg 20mg 20my 10mg 10mg
. A ' l 00mg 100ms -

S DO DL

LR

Always use forceps to dransfer the
weights. Rel;aln from using your

" bands,

A rider is used formass adjus'ments

below 10 Mg/ Bl g

N

12

" - Then the mass of the object .

Fig. 1,10 : Weighi box and weights

The arrest knob is once agzin turned to the left and the movement of the pointer is seen. If
it moves more to the. left, thex the weights transferred are in excess of the mass of the bottle.
n that case some weights Bave to be removed. On the other hand, if the pointer moves to

the right, then.the added weights are not sufficieat and we need to add more weights. Arrest

the movemerit of the beam by turning the arrest knob fully towards the right’and open.the
right side doo: to add or removg some weight(s), as the case may be. Recheck the -
movement of the pointer by turting the arrest knob. Continue this process titl the addition
of 1 gram weight makes the right hand pan heavier while its rernoval makes it lighter, e.g.,
if the weight is say 15.5 g, then 15 g weight would be lighter and 16 g weight would be
heavier. After this, the fractional weights marked in mg, have to be added in the order of .

decreasing weight $ill the two sides %2 balanced. Do not.use fractional weights of less than -

10 g, you 'should use a rider in such cases. A rider, Fig. 1.10, is a thin metallic wire

_ suitably bent to be seated on the beam of the balance. It is normally put on the right hand -

side of the beam (6) with the help of the rider carrier (7). By varying the position of the
' rider_gn the beam (8), the rest point ic found, i.., the two pans are batanced.

The beam scale has got markings from 0-10 on either side. It is calibrated in such a way
that each main division is numerically equal to mass in milligram, when the rider.is put on
it. Each main division is further divided into 5 subdivisions and each subdivision is
equivalent to 0.2 mg. Thus the accuracy of such an analytical balance can be only up to
.0 2 mg. Tt~ mass of an object can be calculated using the following formula:
Mass of (e < hject = (Weights added in-grams) o
o ‘ .+ (Fractional weights added X 0.001) g
‘ + (Main division of the rider position X 0.001) g
.' > + (Subdivision of the rider position X 0.0002) g

Let us illustrate the use of this formula. Suppose that while weighing an object, the weighis-
added to the right side pan are 15°g, 200 mg and 2 X 20 mg. Let the rider position be 2 on
the main divisions and 3 on the subdivisions. :

= 15,00 g+ (240 X 0.001)g + (2 X 0.001)g + (3 X .0002)g
'=152426 2. : .

'
3325 F 4 TRANOA e 11 et i gy
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You have, so far, seen how to weigh an object accurately. If we want to weigh § substance
in the weighing bottle, we make use of the method of weighing by difference. For this, the
weighing bottle is first approximately wéighed. The substance to be weighed is put into the
bottle (a little more than required) and weighed accurately (m £). The sibstance is
transferred into-a votumetric flask and the bottle is again weighed accurately (m: g). The
difference of the two masses, i.e., (m 1 mz) gwes the exact amount of the cornpound

" transferred {mg) :

Having learnt about the general apparatus to be used in the experunents for the first lab
course, let us now understand.the various terms and ooucepts used in these-experiments.
Before this, try the following SAQ. :

SAQ 2

What is the mass of a substance if the following weights are neede:d 1o weigh it?
2 . mg position of rider

5 200 . 8.2

2 160

1

50
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.......................................................................
.........................................................................
.........................................................................
......................................................................
..........................................................................
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----------------------------------------------------------------------

.......................................................................

1.3 EXPRESSION OF CONCENTRATION

In a qualitative sense, the term concentration deals witt “he “crowdedness” of :he particles
of solute in a solution. A sclution having more nu:aber 2f solute particles per unit volume;
is said to be more concentrated. In quantitative analysis, one very often comes across this
term, Before we give an expression for this, it wouid be worthwhile to recapltulate a few
relevant fundamental concepts here.

Mole, dznoted as mol, is ‘he amount of a substance that contains as many elementary
‘entities gsare there in 0.012 kg of C"? isotope nf carbon. The mole may be of atoms, ions,
molecules electrons or any other eatity. The pum»er of elementary entities in a mole of any
substance is fixed and is given by a constant called the Avegadro’s number, N4 which
equals 6. 022 X 1023

‘Relative Moleculs~ M"*s (Molecular Weight) denoted as M,, is the mass of one
molecule in atcmn’c mass.unit (a.m.u.) relative to 1./12th of the mass of the pure C'? isotope
(12.000 a.m.u.). For
winass and motlecular mass. We find it by multiplying the atomi¢ mass of each element in the
molecule by its subscript in the formula and then adding the total for each element to get
the grand total, e.g., one molecule of CO: has relative molecular mass of 44, which is
talculated as:

[12.000 + (16 X 2)] = (12 + 32) =

Molar M»ss, denote -~ symbol My, is the mass of oue mele of a given substance Itis
numencally equal to tae relative molecular mass but i expreaqed o p zol™ units. The
follow ng illustrati.- *xplains this point. .

. The refative molecr 1r'mass of oxalic acid- dlhyc.:' e [(COOH): 2H101 crystals = 126, The
molar mass of 6x>.'2.acic + hydrate crysials -+ 12¢ : T

ust titrimetric analyses, purpose of this is the same as the old atomic -

.Lnbon‘ tory Tecincynes and

Mass of the substance (m)
= Mass of the bottle with substenos
{m) — Mass of the bottle after
transferring the substance (#y)
m=m—m £

‘Solute i5 the dissolved subsiance in a
solution. Solvent is the substance in
which the solule is dissolved. '
Solutlon is the homogencous
mixture of & solute and o solvent.

The number of C? stosn i,
0.012 kg 2 C"* i3 oquad 60 -
£.022 X 10"

Relative molecular mass being
relative is unitless.

Although ST unit of molar mass is -
kg mol™, it is more convenizut to
use g mol™ for titrimetric

"+ .. caleulations.
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1 ml = 1,000028 cm’.

The amount of & substance havmg mass equal to molar mass is called a mole, Thus we see

‘that mole, molar mass and Avogadro s.pumber are interrelated. A schematlc representauon
of the relationship smong these is shown below:

+

1 Molar

" i Mole

6.022 % 10"
entities

For titrimetri¢’ purposm we express concentration in terms of molarlty denoted by symbol
M which is defined as the number of moles presept in one dm? of the solution, It can be

. expressed as:

* Number of molm of solute

Molan =
d () = Volume of solution (m dm?)

Thus, if you dissolve’ 126 gof oxahc acxd dihydrate (molar mass = 126 g mol™) in ‘water
and make the volume up to 1 dm?, then the solution would be 1 M,

‘The molarity, M, of a solution containing » g of the solute in ¥ cm® of a solution can be
calculated as follows :
- Let the molar mass of the solute be Mn g.mol™

Itsmass = mg
Number.ot'm les of = = -
Qs o asp]gte . Molar mass M, g mol”'

=D mol
_ M
Volume of the soluuon = Ve’
Since 1000 cm® = 1 dm’,
: : 3
. Volumie of the solution = i—“;——;
1000 cm’ dm”™
4 3
- = fo00 4™
Hence by definition,
Number of moles of the solute
Molarity of the soluﬂon M) =
_Volume of the solution in dm’
= —5;— mol X ——t
m- dm’
. _1000m = .
ie, ) M= YA mol dm | ) ....(I.l)

The p:pettes and bu-ettes are cahbrated in cm’® units (actually in ml whlch is almost equal
to cm®). Hence, ¥ ,ubstitutmg the volumes of the solutions in cm’ units in the abo"e

. expression, molarity of a solution can be calculated.

Though molarity is bemg accepted more and more as the way of expressmg concentrations,
another related term, viz., normahty is still in use. Here equivalent mass is used in place of

molecular mass . Normglity is defined as the number of gram equivalents of the solute per
dm’ of the soluuon In other words, : .

- Number of equivalents nf solute
Norma!'it:” (N) =

Volurre of solution (in dm*)

) i
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The molar mass of a substance is an inherent property. It is independent of the nature of the

chemical reaction it may be undergoing. Hence, a giverrsolution containing a knowa

amount of the solute will have the same molarity under. all conditions. Normality, on the

+ other hand, can change as the gram equivalent of 4 substance depends on the chemicat

 reac’ion involved in the titration. For example, KMnO, can have a gram equivalent of
158.74, 52.68 or 31.6 depending on the reaction conditions. In the light of the above, it is
advitable 10 use molarity rather than normality. We would be using molarity throughout
our € per1mcnts However, percentage, formality, molality, mole fraction and ppm are some
other ways of expressing concentrahon and are briefly explained here

Percentage The percentage of a solute in a gwen  solution can be expressed in three
different ways depending upon the nature of the solute and the solvent. Let us illustrate by
laking some examples.

(a) I we take 10 g of, say, Na€ll and dissolve it in water to make a velume of 100 cm’,
then we get a 10% mass by volume, i.e. 10% m/¥ sctution of NaCl in water..

(b) If instead of reparing 100 cm’ of selutlon we add enough warer to prepare 100 gof
solution, then we get 10% r-ass by mass, i.e. 10% m/m solution of NaZl in water.

(c) In cases whzre the solute is also a liquid, it is poss:ble to represent concentration as
volume by volume. For e:rarnple, if we mix 10-cm’ of methanol (solute) with H,O
{zoient) to prepare 100 ==’ of the solution, then we get 10% volume by volume, i.c.
10% -¥/V solution of methanol in water.

Mathematically ¢ 1-entege is 'giveli as:

Amoun® of solute

pe = _ — X 100 -
Percen. ge Amount of solution ' ‘

The units would depend on the units of the amount of solute and solvent,

. Formality : In certain ‘enic compounds, e.g., NaCl, which are completely dissociated in
solution, it is less accurate to talk of one molecule or of molecular mass. In such cases, a
different term, viz., formality is consndered Formality is défined as the number of gram

~ formula masses dissolv: 7 per dm’ of the solution Here, it is, therefore. more appropriate to .

talk of formality than - f normality or molarlty

Molality : The mola' :ty nf a solution Is the number of rnoles of the solute per kl.ogram of
the solvent contained in a solutton It is given by the following expression :

m; X 1000
Molality = ————

m: X M,
where,

m, = mass of the solute
mz2 = mass of the solvent .
Mz = Molar mass of ths sclute

The molality scale is useful r"r e¥ :r'ments in which, physmal measurements, e.2., freezing
point, boiling point, vanour pressire, etc., are madc over a wide range of temperatum

r

Mole fraction : The mole fraction (x) of 51y ;omponent in 2 solution i IS éet’ ned as the
number of mole,s(‘:) of that component divided by the total number of moles of all the

components in th~ solution. The sum of mole fractions of all the componeuts of & solunon is .

urity. For example, fora two component-solution :

N
1 (solver \.) = ——+~&—

X2 (solute) = N ) o

+
n+N .
= 1

x:‘Lrv— .,“ o
n+N. '

Mmpercentunnhobeu.lhdpa:s 7
per hundred (pph).
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1 mg mass of a solute ci-solved in
-1 dm’ is one ppm.
ppm = mg dm™
_=pagoem?
=107 gdm”

* Hygroscaplc substances are those
. which have & tendency to absorb
moistore,

N

P ST X

where n is the number of moles of the solute and N is that of the solvent. Mole frsction |
scale is mostly used in theoretical work, ‘

"Parts per million (ppm) : This unit is particularly useful for expressing very small
.concentrations. We find this unit by using : - ‘ '

mass of solute
mass of solute + mass of solvent

X 1,080,000 = ppm

 The masses of solute and solvent should be expressed in the kg unit. The concentrations of

air and water pollutants are often given ir. parts per million.

Various ways of expressing concentrations are given here just to make ybu aware of these.
‘Though in modem texts, by and large, the concept of molarity is being used, you would.

come across other expressions also. Cs

. SAQ3

What is the molarity of sodium hydroxide solution made by dissolving 4.000 g of solute jn
a volumetric flask and adding water to the calibrated volume of 500 cm’? (M, of

NaOH =40 mol").

............................................................................................

SAQ4

How. many grams of AgNO; will have tobe wei:ghed fo make 1 dm’ solution of 0.1 mol dm™
molarity? (M, for AgNO; = 169.87 g mol™). :

...............................................................................................

.............................................................................................

1.4 STANDARD SOLUTION

The concentretion térms being clear to you, you must know something about a standard
solution, |

A standard solution is defined as the one whose concentration (strengtt:) is known
accurately, i.e.,, we know exactly how much of the solute is dissolved in £ known volume of

 the'solution. A standard solution may be prepared by dissolving an accurgely weighed,

pure stable solid (solute) in an appropriate solvent, Preparation of a standard solution is
senerally the first step in any quantitative experiment, so it is important to know how to
prepare a standard solution,

Primary and Secondary Standards '
In titrimetry, certain chemicals are used frequently in defined concentrations as reference
solutions. Such substances are classified as primary standards or secondary standards, A
primary standard is a compound of sufficient purity from which a standard solution can be
prepared by weighing a quantity of it directly, followed by dilution to give a definite
volume of the solution, Thefollowing specifications have 1 be satisfied for a substance to
qualify as a primary scndard : .

- It must be easily avai's™e and easy to preserve, . )
It should not be hygrosc~pic nor should it be otherwicc.affected by air.
It should be readily solubl<.in the given solvent.
The reaction with & standard soltion shculd be stoichiometric.
The titration error should be negligible.
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Few available primary standards for acnd-base redox and complexometnc titrations are :

Potassium hydrogen phthalate (KHP) C:H:0.K = 204.23 Acid-base
Arnhydrous sodium carbonate Na,CO; M, = 106 Acid-base .

' ‘Potassium dichromate K,Cr205 - 4"&1"', := 294.19 Redox
Assenic (III) oxide As;0; | M, = 197.85 Redox
Potassium iodate KIO; 7 -- M, = 214.00 Redox
Sodium oxalate N2;C104 M, = 134.00 Redox
Sodium Sait of EDTA , M, = 372.3 Complexomatric

’ ~ Solutions prepared-from the primary standards are called primary standard solutions.

Substances which do not saﬁsfy all the above conditions, are known as secondary standards,
In such cases a direct preparation of a standard solution is not possible: Examples are alkali
hydroxides and various inorganic acids. These substances cannot be obtained in pure form.

Therefore, concentration of these can be determined by titrating them against primary
_stardard solutions. This process is called standardisation and the solution so stnndardised is
called a secondary standard solution,

Preparaiion of a Standard Solution _ - .
To prepare a standard so'ution £ »slume, V¥ cm’, of known molarity, 4/ nxol dui 3 the
mass of the solute required, m g, of molar mass M,,,, can be calculaied by rearranging
Eq. 1.1 as follows :
M M.V

1000 °
The solute is then welghcd on an analytical balance as explained before ('Se.. 1.2.4y,
transferred into a standard flask and dissolved first in a smali quantity of the sclveni, the
solution is then made up to'the mark and shaken thoroughiy to get a homogeneous solution.

Mass of the solute (m) =

In preparing 2 standard solution whose concentration is, say, arounc 0.1 A, the amount of
the substance weighed need not be exactly equal to that corresponding to 0.1 M. It can be
slightly less or more, but the weighing must be accurate. From the weight of the solute.
actually taken, molarity of the solution can be calculated using Eq. 1.1.

SAQS5
On what criteria do

~{a) sodium hydroxide and
(b) benzoic acid

fail as primary standards accordmg to the criteria given in the text.

E2)

1.5 TITRATION

In titrimetric analysis, one determines the volume of a standard solution which is required
to react quantitatively with a-known volume of the other solution, the concentration of
which is to be determined, For this purpose, an aliquot of the solution to be estimaied is
pipetted out and is transferred to a conical flask. The standard solution is added dropwise
from a burette te the solution in the conical flask. '

The conical flask is continuc=siy shaken to znable the two solutions to mix thoroughly
Standard solution is added il the two solutions react guantitatively. This process is called
titration. The solution in the conical flask is called the titrand and the one in the buretic is
~ called the titrant. The total volume of titrant used in the reaction is cailed the titre.

We have said above that in a titration, the titrant is ad-ed till it reacts quantimtiw.ly with
-the titrand. Such a stave, a} which the quanmlcs of ti “rant and titrand are in their
UGCHE-L 6{2A)

Laboratory Techaiqass smd
- Frocadures

Ahquot'ls the volume of the solution

delivered by the pnpet'e in a litration.
if you use a 20 cm’ pipette
everytime during 3 titration, the
aliquot conunins 20 cm’ of the
solution, |

U
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Qmu;auve Angalysis-1

End point is the point usually
indicated by a change of colour of
an indicaior, At the end point
particular reaction ’r completed.
Epnivalence poi..: ' the point #*
which the number of equiv2'nts of

reactants are equel to each »her, - -

18 UccHu-L' 6(203)

SIQ L Siep 3 Stipd
Primary standard Secondary Unknown
weighed m‘;: rolution
Siep 3 Step 7 Step 9
Standard Btep 8 Secondary 50 cm?
sohntien m e standard now Burette
Pipette . standardised
A,
¥ . ' Stap 10
I . 2% em?
N A Pipete
“Swp H
Titration 11
Estimation of

unknowa solution

Fig. 1,11 : Steps in a titrimetric estimation

stoichiometric propertions (in terms of equivalents or moles), is called the equivalence
point. A question arises now, as to how do we know that the equivalence point has been
reached? At what stage shall we stop adding the solution from the burette? Essentially we
need some substance which can indicate this stage by a change in a physical property like
colour. A substance which is used to indicate the equivalence point of a titration through a
colour change is called an indicator. Equivalence point so obtained is called end point. it is
nct necessary that the end point is coincident with the equivalence point, because of the
d=lay-in getting the indicator to show the change, and other factors. Ideally end pomt and
eq7wvalence point should be as clese as possible. The indicator, to be used in a given

" titration, would depend on the nature of the chemical reaction involved between the two

reacting solutions. The basic requirement for an indicator is that it should have distinctly
different cclours before and after the end point because we need to know the end point
visually. If no visible indicator is available, the detection of equivalence point can often be
achieved by following the course of the-titration by measuring the potential difference
between an indicator electrode and a reference electrode or the change in the conductivity
of the solution.

1.5.1 Types of Indicators
The indizators can be of three types depending upon their usage :

i) Internal indicators : These have To be added into the reaction solution, Examples are
" phenolphthalein, methyl orange, diphenylamine, etc.

i) " External indicators : These are not added into the solution. The indicator is kept out
on 4 plate. A drop of the solution being titrated is taken out with the help of a rod and
put on the indicator. A change in colour indicates the end point. Potassium ferricyanide
is one sicch example.

iii) Self-indicators : Sometimes either the titrand or the titrant changes its colour at the
end point and acts as a self-indicator. The example is potassium permanganate used in
permangana wmetry.

1.5.2  Types of Titrations

Depending upon the nature of the chemical reaction involved in a titration, the latter can be
classified into the following types :

i) - Acid-base Titrations or Neutralisation titrations : The reaction in which an acud
reacts with a base to give salt and water is called 2 neutralisation reaction and the
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titration involving such a reaction is called neutralisation titration. An exaciple is the

reaction between NaOH and HCl,
NaOH + HCl — NaCi + H,0

The indicators used in thesa titrations, depend u

pon the pH st the end point, the

familiar examples are phenolphthalein and methyl orange,

li) Oxidation-Reduction or Redox Titrations : T

itrations involving oxidadog-

reduction reactions, i.c., those in which one component gets oxidised while the other -

gets reduced are known as redox titrations, An

example is the titration between cxalic

acid and potassium permanganate in acidic medium, in Permanganatometry. In this
case, polassium permanganate gets reduced to Mn** while oxalic acid gets oxidised to
CO: and water. In this tifration potassium'permanganate acts as a self-indicator. 3 7e

lellowing cquation represents the reaction :

2KMnQ, +_SI?;C:O4 + 3H,80; — 2MnS0, + K;SQ4 + 8H;0 + 1060, .
Chromatometry and iodometry which are discussed in this course are also red. x

titrations. .

¢

iii) - Precipitation Titrations ; In certain reactions, when the two components react, a -

precipitate is {ormed. The end point is indicated
Such reactioss are termed as precipitation reac

by the completion of precipitation,
tions and the titrations as the

precipitation titrations; an Gxample is the titration between potassium chloride apd

silver nitrate as per the following cquation :
KCI + AgNO; — AgCl + KNO,

Titrations involving AgNO; are also calied argentometric titrations,

iv) Complexometric Titrations : A complexation reaction involves the replacem.at of onc

or more-of the co-ordinaled solvent molecules, which are co-ordinated <0 a cequzal
metal ion,.-M, by some other groups. The groups getting attached to the ceniral ion are

known as ligands, L.
M(H:O)n + nL = ML, + nH;O

The titration involving such type of a reaciioi: is
For example, you will be using cthylenediamine

called a complexometric nlratioq.
tetraacetic acid (EDTA) as the

complexing agent in your experiments. The indicator used in this case is eriochrom s

black T

1.6 SAMPLE TITRIMETRIC EXPERIMENT :

DETERMINATION OF THE

STRENGTH OF GIVEN

SODIUM BYDROXIDE SOLUTION

Having fearnt about titration in general, types of titrations and indicators, you would now
like to earn how you would do an experiment, make observations, record data and
calculate the result, It s also important to examine the result critically, compare it with
known or expected value, look for the sources of error 50 that improvement can be made.
We will itlustrateall this in the following example, Of course, you will have to perform
varnous cxperiments according to the procedure given in each case. We consider here a
simple tilration involving a strong acid and a strong base, viz.,, HCl and NaOH, using

Objectives

After performing 1his,c;<pcrimcnt you should be able 1o :

@ state the principle involved in the experiment,
@ find out the exact concentration of given NaOH

®  find out the strength of this solution in g dm™ . -

L6.1 Principle

write the'chemical equation involvad in the reaction
NaGH - HO = Nag) - H.O

In this experiment, you are required to find the stren

solution in mol dm™, and

gth of NaOH solution. First you must

labor'-aq'l'edlﬂqulll ‘
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" Apparatus
- Burette (50 cm N —1

-

Accordmg te “his :quation one mole of NaOH would react Lomplcu.]y with one molc of
HC] at the end point. :
Number of moles of HClused |

— = 1.3 o
Number of moles of NaOH used 1 - ! : (-3

Note Eq. 1.3 relates the ratio of the number of moles of two reactants m lhe ratio of
their stoichiometric quantities.

If the molarity of HClis My mol dm " and volume of HCl used is ¥y ¢m’ then the,

[
Volume of HCl = Vl cm = mdm

v = —_— : . 1.4
Number of moles ¢f HCl used 000 ™ o . ( )

" Let us assume that the molarity of NaOH solution is M) mol dm™ and the vo]umc used is

Vs cm Simi. arly, .

Numbe: of mioles of NaOH used = M.V mol ' - (1‘5)
1oge . _
Subsututngq ldand1.5inEq 13: . ‘ S -
My ‘ S
100C MV, : ‘
I e e AL6)
1000 .
or MV, = MV . ‘ LTy

Eq. 1.7 is the basic equation used in titrimetric calculations.

In general, for a titration between two substances A and B yleldmg C and D as per the .
stoichiometric equation : :

PA+¢B — rC+sD.

“where, p, ¢, rand s are the numbcr of moles of each substance anOIVLd in the reaction. It is
possible to generalise Eq. 1.3 and write,

M,\ValIOOO
—p"q
1r4-rn/1000

[TRA | - .,
MoV -—p/q]l o ..(1.8)

1.6.2 . Requirements .

ie.,

- ——-

Pipette (20 cm N—1 '
Conicat flask (250 ¢m H—1

Solutions prov:ded :

Sodium hydroxide solution (== 0.1 M)
Hydro-hioric acid solution (0.1 M)
Methyl orange indicator solution

1.6.3 * Procedure .

. To perform the tltrauon, 20 em’ of the NaOH solution is pipetted out into a clean conical

flask. Two drops of methyl orange mdlcator_ re added to this.solution and it is stirred

- thoroughly. An-orange colour is obtained.

The burette is filled wiu;'hydrcchIOnb acid solution and the level of the solution in the
burette is adjusted to a‘convenient number graduation. As said befcre it is advisable to ;
‘adjust the level close to the level of your eyes (Fig. 1.4). Do not forget to put a parallax %

* card (sub-sec. 1.2.2). After recording the initial burette reading in the observation Tablel, you '
) have to start adding HCl slowly from the burette into the conical flask. Addition of HC has
fo be con“in ~d till the orauge colour changes to the red colour. This shows the end point of

ftﬁ_t'qatron —\L?u have to stop addition of HCI from the burette and note fne bureltc

o
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ceading in the observation Table I. The difference between the final and initial readings of
ihc burette gives a rough idea of the titre value. Refill the burette with 11Cl and set’its
¥olume 10 a tevel equal to or nedr the previous setting, Repeat the experiment, i.e., ta%e
another clean conical flask and pipette out a-fresh aliquot of NaOH. Add the indicator. In
this titration you can add the solution from the burette. as in the first titration, up to a
volume about | em” less than the-titre in the first reading. Thereafter do not add th= -
solution continuously, instead, add just one drop at a time and shake the flas.. Continue -
this process till the orange colour changes to red with the addition of just one drop. Record
this reading too. s : )

Repeat the above process till you get 2-3 concordant readings.
'1.6.4 Observations ' .

~

A mode] presentation for recording the data for this experiment is given here. You will have

to record your data in a similar way for your titrimetric experiments. -
Indicator used = Methyl orange : co

Observation Table I ' ' -
HCI Vs, NaOH "
Sl. Volume o Burcttc\rcading' : " - Volume of
‘No. of —T - — - ' H%lin em’
" |NaOH in cm? Inial Final T
1 20 . 100 297 . 197
: 20 110 ' 02 | 19.2
3 20 400 22 . 19.2,

Thus, volume of HCI solution used = titre value = 1.9.2 cm.j-

1.6.5 | Calculations

- . You will have to proceed the following way to calculate, first the mourit, of NaOH-
solution 2nd then the mass of NaOH in 1 dm® of the-solution. .

. Yolume of NaOH solution taken = V; = 20'cm® - . ' : -
Molarity of NaOH solution = M, = 9 . ’
.. Volume of HC! solution consumed = ¥, = 19.2 cm?

Molarity of HCI solution =, = 0.1 M

According to Eq. 1.8,

) MV, _ P

Ml q

Substituting the values of My, ¥, ¥, p and-g,

01 X192 1

My X20 1

0.1 X 19.2
M= 7 20 -
= 0096 M |
Molar Mass of NaOH = 40 g mol”
Strength of NaOH
. = M; X molar mass g dm™
= 0,096 X 40 g dm™ .
- =384 gdm” ,
This can also be expressed in other way as: -
Mass of NaOH in | dm’ (1000 em’) of the solution
(asper Eq. [.2) I .
~ molarity X molar miss X volume of the solution ii.'l-CI‘.l;.lJ
’ 1000

mol dm™>

_0.096 X 40 X ’000:3
- . 1000 '
‘=384pg

Ll.l_i-b'nloﬁ Techniques and

Consecutive readings which ar.
repeated arc called concordant
readings.
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Quantitative Analysis’l

n

1.6.6 Result

For the given sample experimeat,

i) The molarity of the NaOH solution is 0.096 mal d. n

! Strength of NaOH = 3.84 ¢ dm™

1.7 INSTRUMENTAL DETERMINATION OF
-EQ'UIVALENCE POINT o

ln HCI vs. NaOH titration described in the last section, determination of the equivalence
point of the titration was detected by colour change of an indicator. Suppose we don't want
to use n indicator or many a times suitable indicator may not be available for a titratior or

. the concentration ranges may be smaller than those required for colour change tsing an
"indicator. What should we do in thése situations?

In these cases, mstrumental methods -whlch measure some physical property of the solution
are used to detect the equivalence point. You will be using three instruments for this
purpose. These are conductometer, potentiometer and colorimeter which measure the

 conductance, the potential and the colour intensity of the solution, respectively.

Iristrumental methods are quicker and more accurate. It would be worth comparing the
results you obtain by titrimetry with those of the mstrumental melhods

1. Conductometrlc Titrations

' In conductometric titrations, the conductance of the solution being titrated is measured as a

function of the volume of the titrant using a conductometer and a graph is plotted between

_ the two (Fig. 1.12). You will learn the use of conductometer in Unit 2.

Conductance

Volume of alkali added (em?)
Flg 112 Conductance curve : Titration of NaOH against HCI
The change in tae slope of the conductance vs. volume curve indicates the equwalence point,

The point of intersection of conductance curves for the titrand having excess of
hydrochloric acid (curve I and excess of sodium hydroxide (curve II) is the equwalence point.

.2. Potentiometric Titrations. ' . L
- In potentiometric titrations, solution, the concentration-of which is to be determined, is

‘made the electrolyte in a half cell using an appropriate electrode. The potential of the half

~ cell with respect to a reference electrode is measured as a function of the volurpc of .t_hc
“titrant, Thechange in slope of the potential vs. volume curve indicates the end point (Fig. 1.13).

pH—————— 1

?2'..

- Volume of alkali added (em?}
. Fig, 1.13 : pH metric titraticn of HCI vs. NaOH




A speciatjcase of potenitiometry where hydrogen ion coneentration, i.e., pH is measured is
rcferred to as pH metry. We get a curve of the type shown in Fig, 1.13 on plo..mg pH vs.

the volume of the titrant. The region where a sharp change in pH takes place in this case
pH 7, indicates the end point,

Colorimetry ) a
Besides ihe above two instrumental methods which have been explained as part of ;he
tirimetric procedures, you will be using yet another instrumental method, viz., colmmetry
This is based on the measurement of the absorption of light of a suitable wavelength by a
given solution. The amount of light absor.. »d is directly proportional to the concentration of

a given absorbing species. This property is made use of in determining the concentratlon of
the absorbmg solution,

. Use of lns!ruments
Instructional manuals for the instruments, would be provided to you. The detailed theory of
these instrumentat methods will be described along with the respective experiments,

8AQ6 ‘
Tick /on the correct statement/s.

Instrumental methods arc preferred over indicator methods because ,

i) very small concentrations of substances can be estimated u;ir‘;g instrumental methods.
i) Instruménts are not very cxpensive. '
jii) Instrumenta! methods require a lot of time and do not give accurate results.’

iv) Instrumental methods do not require indicators.

1.8 .COMMON LAB REAGENTS -

. You will be using a number of reagents and chemicals during your experiments, There dre
lab assistants-to help you to get these eagents. Most of these chemicals are kept in the

~ reagent shelves and are properly labelled. The bench shelves have mostly the liquid reagents
which include hydrochloric, sulphuric and nitric acids. Besides these; other solutions like
silver nitrate, ammonium hydroxide, sodium'hydroxide, barium chloride, etc., may also be
kep: there. You have to be very careful while using all these; especially, the acids,
Mishandling any chemical may result in injury. You should thoroughly read the-next
seciion in the unit before starting your experiments which tells you about some safety
measures in the laboratory.

The solid reag‘enls are usually ket ona common table. You should use a spatula and take
only the required amount of the .ompound from the bottle or the pack. Don't waste any
chemical. The liquid reagents s..5uld be .?ken witn the help of dioppers.

The special chemicals and somnons required for any particular experiment witl be provided

by vour counsellor at the time of performing the experiment.

1.2 SAFETY MEASURES IN'THE LABORATORY

An 1mp0rtant aspect in a chcmlstry Taboratory is your own and your fellow workers' safety.
Accidents occur in the laboratory because of carelesstiess and inadequaie knowletige about
the chemicals being used, Thoujzh accidents cannot be fully sliminated, yet these can be

© prevented tn some extent by knowing in advance some genéral precaution:ry measures. The
following dos” and don'ts in the laboratory weuld hefp you o avoil accidents.

. The Do's : : . A
® Woear a lab coat or an apron whcn working in tlie lab.
® Keep the t:it tube pointing away {rom yourself 4nd others while heating it on a biraer.
® Use splimi. s and not a paper to light a burner.
® - You should know where the fire extingui ,hers ape locat cd in the laboratory And how to
use them. :

Laboratory Tec miqnes and
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©  Always use safety goggles for protecting yoitr cyes from a dangerous operation, e.g.,
distiflation of an inflammable liquid or while doing sodium ignition test.

&. Wash your hands with soap when you leave the laboratory after doing an experiment.

®  Carry out the reactions involving pungent or noxious fumes under a fume hood,

tnsure that gas and water taps are closed before leaving the lab.

The Don'ts :- )

®  Dop't wear loose clothes specially the synthetic gnes while working in the laboratory.
©  Don't laste.any chemicai, not even sucrose; it may be contaminated. '

- Don’t pipette out corrosive liquids by sucking with your mouth. -

. ®.- Don’t put the reagents back into the bottles or packs after use. These should be poured

into another glass bottle kept specially for the waste liquids.

@™ Don't try 1o insert glass tubing or thermometer into corks forcibly. -

@ Don't inhale the vapours of any chemical deeply which mighl cause suffocation and
choking; be alert and quick in perceiving the smell of the vapours, keeping the test tube
in a slanting position, o '

©  Don’t keep inflammable solvents like petrol, ether, alcohol, etc. near a burner,

¢ Don't add pumice stones to a boiling liquid; add them before beginning to heal theliquid,

&  Don't ever perform unauthorised experiments and never-work alone in the laboratory.

)

Don't touch electric switches with wet hands.

However, even if you are a‘careful worker and follow the general rules of safety, the.
accidents can occur—that’s why they are called accidents. For such occasions, you must be
fully equipped and must know what to do in such a case. There should be a first-aid box in
every laboratory containing some common things like Dettol, Burnol, Band-aid, bandages,
cotton, ete. Generally, the most common acciden;s that occur are cuts, burns, fires;.,
poisoning and rarely, an explosion. Let us sge one by one, what first aid should be given to
a student, when such a mishap occurs.

Table 1.1 : List of hazardous chemicals and their cffects

Hazardous Chemical o Effect . .

Sals of Ag, As: Ba, Cu, Hg, Ni: Pb, Mast of these are very dangerous but only il swallowed, AgNO,
Sb, T, v, CO:°, F', MnQs, causes caustic burns,

H.S . - ‘ : Atmost as poisonous as HCN. Exposure duils the sense of smell.
SOy, NO., Cl, Bry, 1:, BNO,, All are dangerous as well as ~unpl;casanL When concentrated, all caps'e
H:SQJ. HF rapid destruction of the skif; HF is especially dangerous.
HCIO,. HCIO, and their salis Highly oxidising. '

Chloninated alkanes, e.g. CHCi,, éCl. © . Mostof lﬁcsc are norcnﬁc, c_ausing:, mental con!'us:ion.

Benzene ’ Toxic vapours causing dizziness.

Benzoyl ahla-it VIrrilam. ‘

Ether, ethanol . ) Ver-y highly inflammzble.

Nirobenzene 3 _ Toxic vapours,

Pheno! : Burns the skin.

i} Cus; The most corhmon accidents in the chemistry lab are cuts from broken

glassware. If you have a cut, wash the wound well with cold water immediately. If
bieeding is severe, apply pressure directly on to the wound to stop the biieding. Then
an antiseptic cream can be applied to the wound with a proper dressing. _
t} Eurns : Ruras generally caused by hot equipment can be treated as the cuts are tréated,
that is, wash the burnt part with cold water for sometime and then apply Burnol to it.

Burne are very often caused by chemicals too, Table 1.1 giv-es you a list of hazardous
chemicals and their effects. o T , _ T

i) Fire : A small fire in a beaker, caused t;y' the vapours of ar inflammable liquid, can be
extinguished by covering it with a watch glass. ' ' '

¥ the lothes catch fire one should lie ca the floor and fire can be smothered by
“arania blanket around the body. . T

i i cne happens to swallow a p~isonous chemical, plenty of water shou!d be
L3I0 peison 15 conscious, For a corrosive poison, calcium hydroxice solution .
e veier) should be given as soon as possible. An antidote should be given only in
ilie case of nor corrosive poisons.
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v) 'Explosion : Sometimes a faulty technique during the experiment can lead to an ' Yaboratory Techniques and

explosion. ‘You should work with highly oxidising or explosive-chemicals only under . Procedures
strict supervision’

Table 1.2 gives the remedies for a few common chemlcal reagents used in the laboratory.

Table 1.2: Remedles For A few chemlr:al reagents

Chemical ‘ Neutralising wash
Acids like HNO,, H;50,, HQO ‘ MaHCO, or 2M ammonium carbonate (leaves no Yesidue an clothes),
then apply vaseline or a scothing cream.
Alkalies, ¢.g., NaOH, KOH ete. iM acetic acid, then apply vaseline or & scothing crears,
Bromine ’ ‘ 2M Ammonis, keep the affected part dipped in NaHSO, ull bromine
is washed ofT, then apply vaseline. o
Phenol Etrariol and then hospital treatment. ' ) .
Sedium ' Ethane! on & cotton woo! ped,

1.10  ANSWERS TO SAQs -

1.

The prpeue is calibrated to include the hqurd column trapped at the trp Further
blowing it makes it dirty and CO; in the breath may react with the solution bemg
pipetted. . :

G+2+Dg+ (2oo+100+50)><0001g+s><0001g+2>< ooozg
~8g+.350p+,008g + 0004g
=83584g -

1000 m - -3
MoV mol dm

Where Mn = 40 g.mol”’
m=4000g
V= 500 cm’
Therefore,

. 1000 X 4.000
M= —---—-—-40 X & mol dm

rFro‘mEq LLM=

= 0.200 mol dm™ _
Thus, motlar concentration == 0.200 M
Again consider Eq. 1.1,
1000 m
M.V

M= mol d.m'1 »

- Where My, = 169. 87gmnl ‘

6

V—ldm"l_OOOr:m S o
M=01M ' '
On substituting these values in the above equation, we have
Ol X 169.87 X 1000-
-1000
= 16. 587 g

T‘rus mass of AgNO; required for 0, 1M solut:on = 16 937 g

(8) 1) NaOH is hygrescopic,
i), It is not available * pure form as it cornbmes w-th CcQ "from the air and some
part of it is converied into sodium carbonate,

(b) Bénzoic acid fits most of the criteria; but its solubility in water is low, although in
Trn-aqueous solvents such as elhanorc aud ‘zretic acid) or ethano. it is not so.

R4
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- Observations
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Result : ‘

2.7 Answers to SAQs ‘ : PR

2.1 IN'I,‘RODU'CTION_

In Unit 1, we have discussed difterent types of quantltatlve analysis and also det" ned acid-
base titration. In this unit and in ‘he next unit we will present a fairly detailed descnpt:on of
acid-base titrations.. -

Acid-base titration is a quick and accurate methed of determining acidic or basic substances
'in analytical samples. A 'standfard solution of a strongly basic titrant, such as sodium
hydro:ude, it wsed to titrate acids, Bases are titrated with standzrd solution of hydrochloric

-+ -pcid 0" some other strongly acidic titrant. Most commonly. the = point of an acid-base

titration is detected by observing the colour change of an indicator. However, for more

' ascurate results, electrochemical methods, such as pHmetry and cozductometry are used to

locate the equivalerce point.

In this unit, we shall first d:scuss the basic theory of a:ids and bases and the pnncxple ot’
acid-base titrations, Afer that you will besintroduced to the actual experiments in which
-ou will use the acid-base indicator method, pHmetiv and conductometrv to estimate acetic -
actd in vinegar solution.

After rc. *tng this nnit and performing the experiments you should be able to :
®  defire aci ids and bases, .
® define K. and derive equation for ca':.ulatlr'r the pH of an aqueous solution;,

@ derive equations useful in calcalating dlSSOClB.lOl'l constant of an acid (K,) and a base‘
(Kb)l .

IR
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select and use pnmary standards for acid-bas titrations correctly, - . Add-Boge Titrationed
select and yse acid-base indicators for-the acid-base titrations, _
estimate acetic acid in vinegar solution using an-acid-base indicator,
_define potentiometry and describe the essential features and working of a pH meter,
estimate acetic acid in vinegar solution using a pH meter,
define conductometry and describe the essential featurcs and workmg ofa
‘ - conductometer, and
.®  estimate acetic acid in vinegar solution using a conductometer

eceoo 0o

2.2 THEORY OF ACIDS AND BASES

You may have studied about acds and bases in your previous classes. We are summmsmg
the theory of acids and bases here to énable you to recall it. This will help you in
understanding the basic principle of acid-base litrations.

2.2.1 Definition 5 Acids and Bases

Therc are three common-definitions of acids and bases. .

Th= ﬁrst one is gwen by Arrhemus (1884). I-h defined an acid as any compound that

" releases protons, H', in water and a base as uny compound that gives OH- ions in water.
This definition has aeveral limitations. For exa.mple. this definition applies only to aqueous’
solutions.

According to the second deﬁnition' proposed by Bronsted and Lowry (1923), anacid isa,
pre*on donor and a base is a proton acceptor, The main advantage of this definition ove:
the earlier one is that the acid-base reactions are ne*.limited just to thie combination of H
and OH" 1ons Further, it applies both to aquesus and r.on-aqueous solutions.

The third definition was proposed by Lewis in1938. He stated-that an acid is a substance
“that can accept an electron pan' and a base is one that can donate an electron pair. The
significance of this definition is that ths acid-base concept can be extended to _many organic
and morgamc reactions in which a protca is not involved. .

Out of these definiuons, we find Bronsted-Lowry definition the most suitable one for the

Conjugste acids and baseé are - -
purposes of explaining ac'd-base titrations. As said e=xiier, according to this dcﬁmtton, 80 " related by.the gain or loss of one
acid is a proton donor and a base is a proton acceptor. An acid and a base react to give a proton.

. conjugate base and & conjugate acid, respectively. This is illustrated by the reaction between Conjugate pair.
acetic acid and water, here acting as a base, yielding acetate ion and hydionium jon. The Acjd, + B et == AcH: + Base,
acetate ion which can accept a proton, is the conjugale base of acetic acid.:Similarly, Convae pav

hydromum ion, which can donate a proton, is the conjugate acid of water.

CH;COOH + H,0 = HO" + CH:CUG"
Acetic acid ~ Water ) Hydroniunt ion Acezatc ion

w2

Such chemical equations invlving conjugate acid ahd base pairs help us in defining ionic
product of water and dissor. ation constants of acads -and bases, which we will discuss in the
following secticns. :

Before procrediqg ‘.'urther. a1cwer the following SAQs:

sAQ!
- Label the conjugate acidloose_pair in tl'_te following reactions :

(a) HI+H:0 == H,0" + T

(b) COY +H:0 = OH +HCO; S
© cm"or‘u +10 = HO + CHCOO™ .

@) R, + BOl = NHG + O 3

r




Zasntitative Anafysls-l -

Many other solvents like NH; also
uridergo autoionisation.

. NH) + NH: == NHI + NH;

" Ammorium  Amide
ion ion

Table 2.1 : Temperature

2.2.2 Ionisation of Water and the pH Concept

Water undergoes autojonisation, i.e., two molecules react giving hydronium and hydroxnde :
* ions; in this reaction one mole.culc acts as an acid, the other as a base, i.e.,

H.0 + H,0 =: H;0" (aq) + OH (aq) : - (2.2)

. This equilibrium is very mportant as it occurs in any aqueous solution; s:mullaneously with

other reections, We caa write an equilibrium expression for Eq. 2.2 as, -
- [H,Q*] (OH7] -
[H20][H,0]

where, K is the equ:h‘bnum constant and quammes written wuhm square brackets denote
equilibrium molar comentrauons

The molar concentration of water, which appears in the denominator of the above

: expressnou, is very nearly constant ("* 55.6 mo! dm™) in both pure water and in dilute

ag:leous Solutions. Therefore, [HzO] canbemcludcd w:th the equilibrium constant, X, on -

~ the left side of the equation. This gives,

~

K[H,0)' = [H,0"] [OH" 1

In plnce of the prodm.t of K and [HzO] we can use a new term K., thus,
= K[H.0) = [HsO*] [OH ] : )

“dependenr:e of K
Temperature Fw
K) - (mol dm 7
273 0.11 X l')"‘
298 0.08 o
-323 - 547X 071
33 SL3x 10

Inan al’.‘ld solution [H'] > [OH),
ie. [H'] > 107 and [OH < §.7
In a tasic solution [OH] > {H"),
ie, [OH] > 107 and [H'] < 177

28

or| Ky = [H:0 ][05{] E o o . (2.3)

' Since [H;0M [OH‘] is l‘he product of ionic concentration, K. is called the ionic product of

water, or simply the ionisation constant or dissociation constant of water At 298 K

" Kw=.1.0 X 10™, and thls varles with temperature (see Table 2.1).

i To snmpllfy, we generally write H' for Thydronium ion, therefore, the Eq. 2.2 and the

expression for the ionisation of water becomﬁ.

HzO = W+OH . : - L8
=)o | . @5)

1t is important to remember that in any aqueous solution, the relationship expressed ix the )

above equation must always be satisfied, regardless of any other equilibriz that may also
exist in the solution. ‘

You-may recall the Arrhenius concept of acids and bases, according to which, acidic
properties of a solution depend-on H ions, and basic properti&s on OH" ions. Thus, the
concentration of these ions should be equal in pure water and in all neutral aqueous

_solutions. Therefore, .

[H7=[OH =V | x 107" =1 X.10"" mol dm™

Suppose we prepare an acid solution by addition of an acid to water. In this solution,
expectedly. the concentration of H' is higher and, therefore, the concentration of OH™ is -
correspon-ingly lower; thus Eq.2.5 is obeyed which means that the product of [H'] and
[OH7] r2mains 1 X 107" mol dn” °. In general if {H'] is greater than 107, the solution is
acidic, and if it is less than 1077, the sclvtion s basic, - ‘

The relation Kw [HY [OH] is important, since, if cither one of [l-F] or {[OHi 1s krowh,
the other can be calculated.

The pH Concept ~
From the above you can see that it is quite cumbersome to express acidity or bas:c:ty in
terms of hydrogen ion concentration or hydroxide ion concentration. These concentrauons

may range from relatively high vahwes io very small ones, for example, 10 mol dmto 107
“mol dm™. A very convenient concept cailed, pH, was proposed by Sorensen (1509). He
"defined pH by the relatlonshlp,

pH logw

m =-lgefHl | 26)
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" In a solution where the hydrogen ion concentration is 10" mol dm™, we, therefore, have

pH = — 10g(107) = — (= 3) .
pH=3

Following the same approachi for the hydroxide ion concentration, we can define the pOH
of a soluticn as’ .
pOH = — log[OH") 7 : , W27

Just as the H" and OH" ion concentrations in'a solution are related to each other, so also

" are the pH and pOH From the equilibrivm expression for the dlSSOClalIOIl of water,

. log K = log[H"] + ng[OH ]
. Multiplying by — 1 gives .
(— log Ku) = (— logH"}) +, (— log[OH)

If we follow our defirition, — log Kw = pKy. Therefore, 7 ]
pK. = pH + pOH - ‘ ' . (2.8)

Since Ky = 1.0 X 107", pK. = 14.00, This gives the useful relatlonsh:p,

pH + pOH = 14.00

In a neutral solution, [H'] = [OH] = 107 mol dm™, and pH = = pOH = 7.0,s0thatina
neutral solutlon we say, that the pH = 7.0. Ir an aCIdlC solution the [H'] is greater than
10""mol dm™ and the pH s less thar 7.0. By the same token, in a basic solution, the [HYis
less than 107" mol dm™ and pH is greater than 7.0, Tlus is summarised befow

[H‘,] | [OH] pH | pOH

Acidic Solution . >107 < 107 o <7 >7
Neutral Solution 107 ‘ 107 7 7

~ Basic Solution <10” > 10" o> <7

From the above discuszion ycy can see that acidity or bas1c1ty of a solutic n can be
exy -=ssed conveniently in terms of pH. .

So far we have diszussed the pH concept acd ionic equilibrium of vater. In the next section,
- we will discuss acid-base equilibria, which exist when a weak acid or a weak base is
dissolved in water. In case of a weak acid cr a weak base we can»ot determine hydrogen
ion concentration of the-acidic solution, or hydrcxide ion concertration for the basic -
solition.using originai aualytical concentration as can be done in the case of strong acid or
strong base. These concentrations are always less in aqueous soluti~ns than the
stoichiometric acid or base concentrations. The extent of the difference is determined by the
degree of disscciation or ionisation of the weak acid or base and is represented by the
respective dissociation constant or ionisation constant. Hence, the equilibrium constant
expression must'be used in any calculations dealing with weak acids and bases.

- 2.2.3. Dlssoclauon of Weak Acids and Weak Bases

Acetic acid, CH:COOH is a typical exa.mple ot’ a weak acid. [n water it is only partially
ionised and the m~'ex»s of the acid exist in equilibrium with the ions produced in the
ionisation reactior :

CH;COOH + H:™ = H,0' + CH;COO'

The equilibrium ex >rzssion for this reaction is

| g = [HOTCHCN0]
. [CH;COOH] "%20)

' In d'l;tc sd.ution, the ~prentration of H,O is not appreciably different from that in pure |
water, so v > may safe' takeittobe a coustant and nclude it with X, That is, .
. 1,0"] [CH,C007]
K X {0 =4
KX{HO] = [CH;COOR]
where we have used K. to repre"'lt the acid dissociation constant or lonisatlon consiang,
" The same equilibrivr - ‘pression can be obtained if we s:mpllfy the equation by ormttmg

‘Ackd-Base Titvatisns-1-

The notation pH wos onginally s
for 'potential of hydrogen’ The '
notation can be epplied to other
quantities and always means “minu
logio o, for example :

K, = — logiok,
pis = — log,oKs and so on

PH gives a convenient scale for
expressing [H'] of a solution.

" The measnre of the acidity of an
aqueous solution is the actual
concentration of hydrogen ions in

. the solution,

The measure of basicity, on the other
hand, is the actual concentration of
hydroxide ioas.




Quantitative Analysis-l :

‘Ka=

the solvent. Thus, for the dissociation'of.acetic acid we can write,
CH;COOH = H' + CH,COO
[H']1{CH;COO] - . .
[CH,COOH] | ~(29)

In genzial, for any w..ak acld HA, the simplified equation for the dissociation reacuon can

*be written as,

HA = H' + A
_ AT : |
K, =- [H—A] mél dm - (2.10)

Similarly for the baseB, we have
B+ H;0 = Bd' + OH"
[BH*‘ [OH]
and X =
[HzO] (B)
Now, K, = K [H;0]

_[Bjon] '
K, = [B] m. dm W (211)

where K, is the base ssociation constant,

Similar to the hyd-ogen ion concentration and pH, X,, K» and pK., pKs values are also -

'used to express relative strength of acids and bases. Examples of K, pK., Ks and pK,, values

for aqueous solutions are given in Table 2.2. We observe from thz values of K, or K., that
smaller the extent of jonisation the weaker is acid or the base. On the other hand, smaller
the vaiue of pK. or pK, the stronger is the acid or base.

Table 2.3 : K., bX,, K».and pK, values of some substances in squeous solution {malnly at 298 K)

P 1P (WP B £ O Sy

K ) pK,

" Phenol " , 10 X 1070 10.0
" p-Aminbbenzoic acid 1.2 X107 492.
Acetic acid - ' 18 X107 474,

Benzoic-acid 6.46 X 10”7 419

Lactic acid {2-Hydroxypropanoic acid) 14 X 10" 7 385

Nitrous acid 7 46 x10™ 3.34
(283.5 K}

2,2-Dichloroncetic acid - ' ' 332 % 107 145

- K . PKs

Tyridi=2 . ] 148 X 10_9 883

Ammonia solution (2queous) ) 177 X 107 4.75

Carbonate ion” . - Coa1 o x1ot! 3.68

. {CO¥ +H,0 == HCO;-+OH)

Using Eq. 2.10 and 2.11, we can calculate equilibrium constant if pH of a solution of a
given concentration of an acid or a.base is known. If K, or K i is known, pH or pOH can be
calculated for the given concentration of the acid or base.

With this background we will discuss the theory of acid-base titrations in the ne't section.

32Q2 . '
(8} A ssmple of rain water from Delhi was recently {ound to have a pH of 4

(i s this semple acidic or basic?




(i) Deiermine the [H’] aud JOH'] of the sampls.

------------------------------------------------------------------

(b) K., values of some acids are given below. Ranlk these a,c-ds in temas of strength and a!so |

calculaie their cosrespoading pi, valves. d
HCOOH (1.8 X 1), NHI (5.7 X 1079 o
HCN (4.9 X 107°) sod CH,COOHM (1.8 X 107%)

-------------------------------------------------------------------------
----------------------------------------------------------------------

2.3 THEORY OF ACID-BASE TITRATIONS -

In acid-base titrations, as discussed earlier, a standard solution of an acid can be used for
quantitative determination of bases (acldimetry), or a standard solution of & base can be
used for quantitative determination of acids (stkallmetry). We generally use standard
solution of a strong acid such as hydrechloric acid for acidimetry and that of & strong base
Such as sodium hydroxide for alkalimatry. But; these substances are not primary. standards
and, therefore, their standard solutions cannot be prepared from exact weights diluted to
definite volumes; they must be standardised by titration, For standardising hydrochloric
acid, we commonly use sodium carbor.ate and-for standardising sodiwm hydroxide we use
oxalic‘acid or potassium hydrogenphthalate. The prepatation of standard solutions and the
method of standardisation will be discvssed in the experimenial part.

In an acid-base titration, if a solution of an acid is titrated with a solution of a base, the
OH’ ions of the tatter combine with the H' ions'of the acid. .
H' + OH — H;0

- 8o, the concentration of the latter grndunlly decreases while the solution pH increases. At a
certain definie ] value, the equivalence point is renched, i.e. the numbgr of moles of QK"
added is just enougl: >~ renct completely with all the H" ions. orlglnaily present. On the
other hand, when a base is titrated with an acid solution, the OH" ions are removed by the

H" ions and the concentration of the 'atter gradually increases while the solution pH
' dccreases At 8 certgin deﬁmte pH value the equivalence point is reached.

The pH value at the eqmvalence point depends on the nature of the feacting substances,
acid and base. For example, in case of a strong acid and a strong base, the reaction is
completed at pH 7, therefore, equivalence point should be at pH 7. However, in the case of
titration of a weak acid and a strong base, due to the hydrolysis of the salt formed on the
addition of the hase, equivalence point is observed at pH > 7, and not at pH 7. For
example, in the titration of acetic acid (0.1 mol dm™*) with sodium hydroxide
(0.1 mol dm™), the equivalence peint4s-at pH = 8.72. In the case of the titration of a
“strong acid with a weak base, e, hydrochiloric acid with sodium carbonate, the
equivalence point will be at pH lower than 7. Thus, we can gy, in different cases, titration
will end at different pH values, depending on the nature and.goncentration of the reagling
acid and base. The exact pH of the sulution at the equivalense point in such titrations may
be calenlated from. =%/ zton corst it of the weak acid (K.) or the weak base (K»)-and
the concentration {¢) of the salt which is formed during the 4eid-base titration, using the.
following equaticrs:

Weak acid and strong base

| 1
P 2 pK. + ?[\Kﬂ, ?pc w (2.32)
Weal( base and strong acid
pH = —2- pK 2 pr + ? pc (2.]_3)

Acli-Brsy Tirnileon & '

In titrations by the gcid-base

methed, the titeant should bea
strong acid of ¢ strong base a8 an
Bccurate end point can not B2
deteeted by indicator method if both
the titrant and the titrand are weak
scid or weak bates, and vice versa, -

En the case of strong acids aed bagss
equivalence poisi'ddes not depend
on concentratiox. In the case of
vzak acids or bases the equivalence

. point depends on the concemtration

of the weak acid/base.

1f we litvate 0.1 mol dm™ acetic -
acid, 8 wesk ocid, with 0.1 mel dm™
sodium hydroxide, a strong base, st -
equivalence pdint we will obain -

-0.05 mol dm™* sadium acetate,

Equation 2.12 then yields the pH at
the equivalence point )
pH=70+237~ 065*872

, 3




When we choose an indicator.for &
titration we want that the indicator -
end point (when the colour changes)
and the titration equivalence point to
_be as close as possible.

Phenolphtha. tia is aa example of
the weak acid type, whereas, as
shown below, methyl crange of the
weak base type of an indicator.

* S04 N-'N-@- N(CH))

(Buh col.mu)
.“"

so.—@- N='N-O- i?(t:}l,),'

H .
ao;-@-tu—ﬂ:@:‘mcuq,
Red .
. {Adid colour)
‘pHranged.ltodd

)

Weak acld and weak base 7
pH = —2- pKw + 7 pK; 2 —pKs - - | , (2.14)

Titration curves can also be used to find out the pH at the equwalence point. These will be
discussed in sub-section 2.3.2.

’There 3re many methods available to detect equivalence point, experimentally, during

titration. The most common method is the use of acid-base indicators. Inidicators are
orgapic dycs which change colour at or near the equivalenice point to indicate the end of the :

‘reaction; In fact, the point at which indicator shows colour ¢hange is known as the end

point of the titration. Of course, we choose the indicator to have the end point and the
equivalence point as close as possible. But if we choose a wrong indicator and stop titrating
when that indicator changes colour, we make a titration error. If Ven is the volume of
titrant added at the end point, and Viq is the volume required to reach the eqmvalence

point, then by definition,
Vend

V. .
——-‘}—'—‘3 X 100 = percent titration error
L]

Other methods to detect equivalence poiht are pHmetry or potentiometry and '

_ conductometry. These methods will be discussed in detail along with Experiments 2 and 3.

Now ‘“ae will discuss the theory of acid-base indicator.

234 Acid-Base Indicators -

As we have said already, acid-base indicators. are organic dyes which change colour as pH
changes. This is because the indicator has two forms, one in acidic and the other in basic
‘medium. For example, phenolphthalcm in acidic sofutions exists in form (1) which i is
colourless. In basic solutions, it exists in form (II) -which is pink.

. OH OH o o
b i ' L
C—0 : C o
‘ o : I
=0 C-=0"
Colourless . . Red

u) . . (n

Acid-base mdlcaiars are wcak acids or weak bases therefore, in titraling an acid or a ba.se,
‘the indicator acts as a second acid or a second base. For example, in utratmg an acid with,
sudium hydroxide, the indicator (the second acid) is weaker than the main acid and titrates
. after it. The indicator should have a very low concentration, otherwise, it will affect -
equivalence point by increasing of decreasing the pH of the solution.

. In gereral we have two possible indicator reactians :

Hn = H + I ' , (2.15)
Acid colour Basic colour : :
(weak acid)

In + H,O0 = InH'+ OH™ o (2.16)
Basic.colour  Acid colour : :
(.weak base)

Concentranon and the degree of ionisation are the two main factors which determine the

colour of the mdlcators Equilibrizm expressnons for Eq. 2.15 and 2. l6 are, .

miWy an

K. _ .
[Hln] _ . | | e /

ST TS s ey




._ [nHJ[OH])

Acid-Base Titrutlons-§
and Ky = [In] )

@18

Experimental observations have shown that to see the colour of one form over the other,
the concentration of the first should be 10 times the second. Thus, to see the colour of the

acidic from , [In"]/{H In] must be 1/10 and to see the basic colour [In]/[H in) must be 10/1.
The contrast between the two colours is also-important, but in general, the ten fold
relationship. wil! apply.

- If these two concentration ratios are substituted into the equilibrium expression for the
indicator (Eq. 2.17), the dependence of colour change of the indicator on hydrogen ion
concentration, is demonstrated. For the acid colour, the expression simplifies to

()1
10
and for the basic colour

= K,,[H') = 10 K, and pH = pK; —1

-[51]_1—0 =K.,[H*]=—‘;<—6 and pH = pK, +1

The difference in pH between the acidic and the basic form of indicator transition is

pHute = PHacieic = (pKu + 1) - (pK. ~1n=2

-

~

We see, therefore, that the change of concqntration ratiofrom 1:10to 10: 1 cbrrupohdS
 to colour change. of the indicator over a 2 unit change of pH, i.e. a hundred-fold change in
[H"]. In general, pH range at which indicator shows colour changes is given by the equation,

pH range = pK;, £ 1

The pH range is termed as the colous-change interval of the indicator. The position of the
colour-change interval in the pH scale varies widely with different indicators. For most
acid-base titrations, we can, therefore, select an indicator which exhibits a distinct colour -
change at a pH close to that obtained at the equivalence point. Table 2.2, summarises the
details of some useful acid-base indicators and also pH range in which the indicator will
appear to change from one colour to the other. ' ‘

I3

Table 2.3': Colounr changes and pli ranges of .acl‘d-bnse Indicators

Indicator : Acid colour - pH Range = Basic colour -
Cresol red . - ) L red E . 02~ 18 yellow
Thymol blue red - 12— 238 yellow
Bmmoph-cnol blue | .yellow a © 30— 46 blue
M}athyl orange red 31— 44 orange/ yellow .
Methyl red . red . 42— 63 yellow
Bromothy:mol blue . vellow ' ' 60— 76 blue -
Phenol red . vellow ‘6.8 — 84 red
- Thymol blue . ) yellow 80— 96 blue
Phenolphthalein ‘ . colourless 283-—100 red/pink
Thyr=alphthatein colourless 93— 105 blue

To select an indicator for an acid-base titration, it is necessary to know the pH of the
equivalence point before using Tablg 2.2. The equivalence point pH may be calculated -
using Eq: 2.12, 2.13 or 2.14. Allernatively, an experimentally determined titration-curve
may be used, which we will disctiss in the next svb-section. '

2.32 Acid-Base Titration Cuzves

If the pH of the *itrand is monitored during a titration, a graph of pH against the amount of

titrant added car be.plotted. The curve so obtained is called the zcid-base titration curve

or neutralisation curve. The characteristics of this curve are important in equivalence point )
detection and-in *he selection 77 suitable titration conditions and indicators. For the purpose-. 33
UGCHE-L 6(3A) ' ' '
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-~ of illustration, let us first consider titration of a strong acid with a strong base. For example,
" we titrate 100 ¢’ of 1 hydrochloric acid with 1M sodium hydroxide. During titration

sodium hydrofide is added in small portions, pH changes with each addition. The pH at
various stages during tifration is determined by a pH meter or by the calculations. Table 2.4

Table 2.4': Titration of 100 em® of .
. 1MEC! with 1M NeOH '
'NaOH NaOH

added” pH | added  pH

{em) | {em?)

0 0.0 | 1001 107

50 05 | 1002 110

75 .08 |1005 114

.90 U I O 11 I §

98 20 | 102 12,0

99 23 [ no 12.7

99.5 26 | 125 13.0

998 - 3.0 | 150 - 133

959 3.3 | 200 135°

1000 70 |: :

- gives the pH of the solution witt addition of different volumes of sodium hydroxide; the

datais presented graphically in Fig. 2.1. The significant feature of this curve is the very
sharp and sudden change in pH near the equivalence point. This is where the stoichiometric

~* walance of the reaction is reached. As you cdn see in this curve, the equivalence point in this

UGCHE-L 6(38)

case is at pH 7.

-~ o

—nd W & LA O

- |
0 20 40 60 BO 100 120 140 160 180 200

Volume of NaQH added (em?)

Fig. 2.1: Slrorig acid-strong base litration curve '

The influence of concentration is shown in Fig. 2.2. Curves [, IT and Iil are for the litralion'
" of 1M, 0.1M, .01M concentrations of hydrochloric acid.with 1M, 0.1M and 0.01M sodium

14 =

N
g ' - , Eil

10

[~  Phenolphthalein Y
o °[

> Bromothymo} blue

61 ;

4 (i

1l
2 1 .
P VTN T T T Y W

0 N Yolun:lc_of base added {cm?)

Fig.2.2: Tllm-ti;)n curves for strong acid agajnst sirong base at three different gor_lcenlralioﬂg
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hydroxide, respectively. You can see that the cquivalence point in all three cases is still at ” Acid-Base Thtrations-1
pH 7, though thére is a less marked change in pH before and after the equivalesice point as; i
the solution becomes dilute. The change in pH at the cquivalence'point is about 8 pH units

in 1, down to about 4 pH units in 1L, with ranges of pH change 3-11 and 5-9, respectively.

- When we look at our indicator ranges we find that methy! orange, methyl red, o

bromothymol blue, and phenolphthatein all fit comfortably for curve I, whereas the choice

of indicator is more restricted for curve 1l arid bromothymol blue alone would do. -,

Wenow turn-to titration of weak acids with strong bases. Suppose that 100 cm’ of 0.1M
- acetic acid solution is titrated with 0.1M sodium hydroxide solution. The results obtained,
in this case, are summarisd in Table 2.5 and are depicted graphically in Fig, 2.3.

A

Table 2.5 ; Titration of 160 em® -
of 0.1 M acetie acld with 0.1 M

sodlum hydroxide
NaOH NsOH
added pH | dcded pH
(em’) (em’) ;
0 29 998 17
10 38 | 1000 8.7
25 43 | 1002 100
50. 47 11005 104
%0 57|11 1.7
99.0 6.7 t 125 120 { &
99.5 7.0 | 150 123
99.8 1.7 1 200 12.5

13
2 S ’
11 { -
10
9
- |
2} ¥
CPH L :
4
¢ .
2
.l- ,A ‘.
G20 40 60 80 100 170 140 160 160 200.

. Volume of NaOH added (¢m3) -

*-Fig. 233 : Titration curve for a veak acid with 8 strong base "

_The gquivalence point in this case is at pH 8.7, and it is necessary to use an indicator with a
‘PH range pn the slightly alkaline side, such as phenolphthalein (pH range, 8.3-10).

* As 'you know a solution containing a substantial amount of both a weak acid and its

conjugate weak base, resistant to pH change on a slight addition of an acid or a base, is 8 The slowly ricing Nattered regic v
. buffer solution. Notice (Table 2.5) that during the addition of 23 om’ to 90 cm® of NaOH, = before the squivalece point 3 o led
the solition contains substantic! amounts of both undissociated acetic acid (weak acid) and the buffet reglon,

acetate ion (conjugate weak base). The solution, thercfore, gets builerred in this region of
the curve as shown in Fig. 2.3. The pH does not change very much as.the volume of base
added increases from 25 em’ 10 90 em’.

A
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The influence of the strength of the acid or base, i.e., K, or K» .oh the pH.change near the
equivalence puint is summarised in Figs. 2.4 and 2.5, respectively,

S N O ol— 1Lt ¢ )y

o]

Volume of NaOH added (cm) Volume of HCI added (cm?)

Fig. 2.4 : The effect of K, on the titration curves

Fig. 2.5 : The effect of K, on the titration curves
" for weak acid with a slrong base

for weak bases with g strong acid

From the above we can conclude that gifferent shapes of titration curves are obtained for
different concentrations and strengths of acids or bases. Shape of the curve tells us about the
-position of the equivalence point and helps in the choice of acid-base indica‘tor. SN

Kl

-In the next part we'shall try to put together the theoretical knowledge gained on acid-base

titration and the practical aspects. This would enable you to understand acid-base titrations
more clearly. -~ f

SAQ3 _ .
For the titra*ion curve given in Fig. 2.6, choose the most appropriat* indicator.

 Indicatr = - _ pH Range
{8) Me‘hyl orange | ' 34 - 44 .
(b) Bromothyn',o: ol 6.0_—- 7.6 .
(c) Phe-olphthalein. - 83—10.0
:-_..,f _

9 (\ :

y aN]

r

pH 5 \‘

¥ -

1

Q

S 0 1 20 2 30
Volume of HCl(ein?)

F&. 26: Acid-buse fitration curve; pH igahst volumc of HCt

&
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Indicate the buffer region in the titration curve given in Fig 2.3.

2.4 EXPERIMENT 1 : ESTIMATION OF ACETIC
ACID IN VINEGAR BY ACID-BASE INDICATOR
METHOD o -

- Acetic acid is a weak acid having a K, of 1.8 X 107, It is widely used in industrial
chemistry as glacial acetic acid. In the food industry it is used as vinegar, a dilute solution of
glacial acetic acid. Vinegar usually contains 4-5 pr cent acetic acid. Let us first understand .
the principle on which this experiment is based, Co

2.4.1 Principle

In this experiment we are titrating vinegar, a weak acid, with a standard solution of a strong

base, sodium hydroxide. Sodium hydroxide is not 4 primary standard, therefore, before -

using it for the estimation of acetic acid, it should be standardised with a suitable primary

~ standard such as potassium hydrogen phthalate or oxalic acid. The reaction befween’
potassivm hydrogen phthaiate and NaOH is

CooK COOK

From Eq. 2.19, we can see that ﬁotassium hydrogeﬁ phthalate and sodium hydroxide react
" in the ratio 1 : 1 and hence, substituting the values of p and g in Eq. 1.8,

My 1 _ . . -
M, g e MV =M1, | . , - (220)

where M), = Mofarity of potassium hydrbgeﬁ phthalate, M, = Molarity of s_odiu;n
hydroxide, ¥, = Volume of potassium hydrogen phthalate, V; = Volum; of sodium
‘hydroxide. - - _ : - .

In this titration ﬁhenolphtha]efn isused as indicator.

'According to the theory of acid-base titratiops discussed =arlier, the-.nd point in the
titration of vinegar with sodium hydroxide will be obssrved between pH 8 sud 17,

therefore, here also phenolphthalein i: a suitable indicator.

The stoichiomerry of the titratioxf is give'li by,

CH,COOH + NaOH

From Eq. 2,21, we can see that one mole of '_éc_:etic.acid reacts with one mdle.o_f sodinm
hydroxide. Therefore, substituting the values of p and ¢ in Eq, 1.8, the molarities are related
as per the following equaticn; S

MV; 1

=" e =MV . e w (2.22)
Mo, 1 e M= MY . , .

where M, = Molarit.y. of scdium hydroxide, My = Mols- of ncet.ic'_ acid _(vin'egag).
¥y = Volume of sodium hydroxide, ¥ = Volume pf s2etic acid (vinegar).

‘

24.2 Requirements : _
Apparatus _' .. Chemicals

Burette (50 cm’) —1 _ Vinegar

Pipette 20 cm’) — 1 Potassium hydrogen ph:halate
Conical flast 1250 cra®) — 1 . '
Weighing Lottle — |

Add-ﬁﬂse Tltl‘:: umﬁ

COOH COONa ' o
q . NaQH-—»@' + H.0 -~ (219 .

—~-CH:COONa + H:0 ' o (2.21)

L o v
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1

Volumetric flask (100 cm*) — 1
" Volumetric flask (250 cm®) — 1
* Funnel-1 g

Burette stand with ctamp-1

Solutions provided

Indicator solutiﬁn : Prepared by dissolving 0.4 g of phenolphthaiein in 500 cm’ of ethano!
" with addition of 500 cm’ &f water by constantly stirring and fiitering if there is any

precipitate.

0.1 M Sodium Hy'd_roxide soution : Prapared by dissolving 4 g NaOH in l_(;i_'rnJ of
distilled water,

2.4.3 Procedure

i} Preparation of standard potassium hydrogen phthalate solution : Take aiready dried

potassium hydrogen phthalate from the counsellor. Carefully weigh the weighing bottle
with ahout 5.4 g potassium hydrogen phthalate, Transfer this sample to a 250 ¢’
volumetric flask through a-glass funnel, Weigh the weighing bottle again and find the
exact mass of potzssium hydrogen phthalate transferred, by difference. Dissolve it in
40-50 cm® of distilied water, make the solution up to the mark, and shake well to make
it-homoger.eous. ' :

ii) . “Standardisation of sodium hydroxide solution : First collect the solution of sodium

hydroxide in 4 250 cm’ bottle from your counsellor. Rinse the burette and Gl it up
wish this solution. Note the initidl reading of the burette and record it in the
‘observation Table I under the ‘initial reading’ column, Pipetie out 20 cm” of standard
potassium hydrogen phthalate solution into a 250 cm® conica] flask. Add one or two
drops of phenolphthalein indicator. Titrate this solution by slowly adding small
amounts of sodium hydroxide sclutios and.continuously shaking, the conical flask.
Continue the titration until a permanent pink colour appears. This indicates the end
point of the titration. Note the burelte reading and record it in the observation Table I

under the ‘final reading’ column. The difference of the two readings gives the volume of

NaOH used.

Repeat the titration to get at least two concordant readings to ensure a correct and

. éxact measurement.

i)

Titratlon of vinegar solution with sbdfpm hydfoxide Solution : Pipctte out a 20 cm’
aliquot of comme 'cial vinegar carefully into a 100 cm’ volumetric flask and dilute to
the volume with distilled water. Transfer a 20 ¢cm* aliquot from this solution into a 250

" em’ conical flask by a pipette. Add approximately, 40 cm’ of distilled water and two

2.4.4 Observations :

drops of phenolphthalein.indicator, Take the initjal reading of the burette and record it

.in the observation Table II. Titrate the above mixture carefully with the standardised
sodium hydroxide solution until a faint pink colour of the indicator persists. Record the
final reading in the observation Table II. Difference of the two readings gives the
volume of NaOH required to titrate 20 cm® vinegar solution,

Repeat the titration to get at 'east two concordant readings. Do not throw the

remaining N2OH solution. You will use it for Expt. 2 angd Expt. 3.

.Approximate mass of the wéighing bottle = m, = .............. g

Mass of the weighing bottle + potassium hydrogen phthalate = m» = PO -
Mass of the bottle after transferring the sali = my = o g '

Mass of potassium hydrogen phthalate = r- =y = m = oo, g

Molar mass (Mn) of potassium hydroger, pnthalate = 204.2 g mol™'

Volume of potassium hydrogen phthalate solution prepared = 250 ¢cm’

- Molarity of potassium Lydrogen phthalate (M,), * -

_mX1000 _ mXx4
mezso . 204‘2 VT e
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Obscrvation Table ] - . “Ackd-Basy Tirations-1

/ " Potasstum hydrogen phthalate va. sodium hydvoxide sotution
Sl No. ~ Yolume of potassium Burette Reading Volume of NaOH
- hydrogen phthalete in cm’ - inem’
Initin] Final (Final-initial)
1 20
2 20 .
20
Observatlon Table It
¥incgar solution vs. sedium hydroxide solutlon
SL. No. _ Yolume of vinegar - Burette Reading Volume of NaQOH
’ * solution in cm’ - : incm’
Initial Final (Final-initial)
1 ' 20. o ;
20 ‘ :
3 20 B ' '
/t

f .

2.4.5 Calculations

(a) Determination of the strength of sodium hydroxide solution

Molarity of potas#fum hydrogen phthalate = M, = ............ mol dm™
Volume of potassium hydrogen phthalate solution = ¥, = 20 om®
Volume of NaOH'solution used (from Table I) = ¥; = ............ cm?

Molarity of NaOH solution = M, = ?
. Using Eq. 2.20, .

M| Vj = Mz Vz M V
Molarity of NzOH solution = M, = ——~ _
2
= i mol dm™

' (b) Estimation of the strength ol vinegar solution

Molarity of NaOH solution = Mj = M; = .............. mol ¢

Volume of NaOH solution used (from Table I) = V5 = ... cm’. .
Volume of vinegar solution = ¥, = 20 cm® :

Molarity of vinegat solution = M, = ? ' . _ .
- Using Eq. 2.22,
MiVa = MJV; . : ] . : ‘
' . . M,V S o '
Molarity of vinegar solutiony= M, = —;;-l R mol dm™ _
. 4 . ) . . i
Since 20 cm” of vinegar got diluted to 100 cm’, the molarity of commercial vinega;'sample
Mo X 100 _ -3 ‘ o
= =5Ms=....... mol dm
20 ’ _ -
Strength of commercial vinegar = 5M, > Molar mass o - '
’ L =SMaX 60 =........ g dm™ : -
2.4.6 Result
‘Molarity of vinegar solution = ............. mol dm ™’
- Molarity of commercial vinegar = ............ mol dm ™’
Strength of commercial vinegar = ... gdm™

Compare the calculated molarity 2nd strength of the colnmercial vinezar with the orrect
‘values, which you can get from your coursellor. :

2.5 EXPERIMENT 2:ESTIMATION OF ACETIC .
ACID IN VINEGAR BY POTENTIOMETRY

In the previous experiment, we'estimated acetic acid in vinegar using an acid-base indicitor, . .
We also obterved thut there were some conditions necessary for a satisfactory indicator : ' .39




Quaniitative Anglysis-1

al

B

- Half-cell reactions ; Oxidatios or '
reduction rsaction oocurring al an
electrode. :

Blectric potential (E) s eweasured in ‘

volts (V). The smaller unit of
potential is millivolt (mV)."
IV =107V

titration, We msy sunimarise_ them as : ,
i) There has to beh"regioﬁ of ‘sharp pH change with a smail added volume of the titrant.
ii) The pH range of indicator has to lie within this pH change.

iii) The indicator volume should be minimal.

.iv) The colohlf_ shé'ult_l be clear and sharp.

v) -The sample should be colourless.

. vi)" The sample must et be too dilute.

: From this you can.infer that coloured solutions, very dilute solutions of weak acids and
" weak bases cannot be titrated accurately using acid'base indicators. To overcome most of

these problems we use potentiometric titrations, In the next section we will give you a brief
description of the principle of potentiometry,

251 Principle =~ -

Ina ,po;entieme'uic titration, the équivalence point is detected by measuring the potential
change during the ::-ation, Fig,.2.7 shows the usual anparatus for a potentiometric titration,

 Indicator ¢léctrode

T

- Salt bridge

@oe

pH-meter or mV

Reference
electrode

Indicator electrode ‘ Rr.ferencc_cleclrodc
- half-cell ’ half-call

Fig. 2.7 : Apparatus for potentiometric titration.

The potential between the reference electrode half-cell (whose potential is known) and the

indicator electrode half-cel (whose potential varies with concentration of the solution) i$
- measured at the start and after the addition of small amounts of titrant, say each cm’, and

more closely near the equivalence point, when readings start to change by larger values. ‘
After each addition the solution is stirred well and the reading is allowed to become steady.

For detecting the equivalence point ina potentiometric titration, a graph is plotted bétwepn
the potential and the volume of the titrant to give a titration curve such as shown in Fig. 2.8 (a).

1
’ Eauivalence -
a point
=
) (-9
& 3
' .6 [+]
W b
- ~
| Eguivalence ‘”
i point 'ﬂ‘
1%
V'(tilmntl ’ V (titrant
. . : rant)

* Fig. 2.8 : Methods of eﬁuiv@lence p_ou:"n determination (a) Normal plot (b) first derivative

Once the titratiqn curve is at hand, we must determine where the curve is steepest, normally -
by some sort of inspection. We may draw a vertical line through the steep portion of the
curve gnd find the intersection of this line with the volume axis. To overcome the

} ey

iy
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uncertainty in this procedure, we plof another graph as shown in Fig. 2,6 (b). This is a plot
of the slope of a titration curve, that is, the change in potenual with ehangc in volume '
(AE/AV) against volume of the titrant. The tesulting curve rises to a maximum height at
the equivalence point. The volume at the equivalence point (Ve) is determined by drawing a
vcrtical fin¢ from the peak to the.volume axis. ' i

Now, the question arises as to w‘ly therc are potenhal changes during a titration. At a given
temperature, let us say 298 K, the potenual at the electrodes of a cell depends upon two
factors =

i} Nature of the reaction of the solution in which electrodes are dipped.

-ii) Concentration of the specics taking part in the reaction.

Whiie the first factor, specific for a particular reaction, is reflected in the reduction
potentials of different substances, the second factor is responsible for the potential change
during a titration, To understand the effect of concentraticn on potenual we have to
consider Nernst equation. For a general redox reaction,

aA + bB ————~cC +dD

AI‘. 298 K, Nernst cquation has tlie form,
00591 - ICI[DI’,

n BT IAT P

In the above equation, E is the electrode potential at'a given concentration, E° is the
standard clectrode potential, i.e., at 1M concentration for a solution or 1 atm. for a gas, # is
the number of moles of clectrons transferred in the reaction and A, B, C and D are the.
specics whose concentration is being varicd. The small letters, a, b, ¢ and d refpr to co- -
efficients in the balanced equation. :

E=E°® -

An important application of the'Nernst equation is its use in determining the concentration

of hydrogen ions or pH from the experimentally measured voltage of a carefully designed

céll. In the potentiometric determination of pH, first a czll is assembled in which the
indicator clectrode is reversible to hydrogen ions and dips 1n tué solution whose pH is to be
determined, while the reference electrode is usually the calomel electrode whose potenunl is
known. Junction between the-two is made either through a salt bridge or by immersing the
reference clcgtrodh directly into the solution. By measuring the voltage of the cell formed by -
the reference-eiectrode and the indicator electrode, pH is calculated using the Nernst
cquation,

There are several elettrode systems available for potentiometric pH determination. We are -
listing someé of them in Table 2.6...

Table 2.6 : Elcctrode system.s for hydrogeo ion or pH messurement

Reference clectrode

Indicator electrode S
_ Hydrogen Calomel/silver—silver chioride
- Antimony —do—
Qumhydmnc . —do— -
Glass . o —do—
Electricat lead I l ‘
. - Platinum wire -
Ag wire ’ :
Plastic housing . Hole for addition Paste of Hg,
AR wire corted of saturated KCI |~ ;/ HgsClyand KC)
/ with AgCl . Holes in inner mbe;ft; “| Saturated
7 Thin-walled Lithiam - '_- - KCIsquuon
/- glass "bubble” ’
ey = 0.1 M HCl solution k./__ Asbestos fiber

Glass clectrode Caio mcl clectrede

B

Ia glass clectrode, the inner and the -
outer glam surfaces are bound to
geacrute different poteatiale. We get -

*'a junction potential wiich is

ssymmetric and depends oa the typs
of glass, age and usage of the
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Quantitative Analysis-I

Quinhydrone is a 1 : 1 mixture of p-
~ quinone and hydroquisone. .
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For the glass electrode, the Nernst equation has the following form :
E =k + 0.0591 pH, or
E =k — 0.059) log [H")

‘where k is the asymmetry junction potential, approximately a constant factor for an
~ individual glass electrode. -

For the quinhydrone electrode, Nernst equation has the following form :
- E=10.700 + 0.0591 log [H']
or E = 0.700 — 0.0591 pH

~ From these equations it would be possible to record the actual pH by calibration. In 2pH meter,

the meter is directly calibrated in pH units. In everyday use we check the instrument against
buffer solution of known pH, and adjustments are made for errors.

For detecting the equivalence point in'a pH metric titration, graphs similar to Fig. 2.8(a)
and (b) are plotted. : ‘ . '

So far we have discussed the basic principle of potentiometry and pH meter, Now, we will
consider the basic featuires and the operational parts of a pHmeter.

Before that, try to answer the following SAQ.

~

SAQS

_ Give two advantages of potentiometric method of titration.

..........................................................................

LI R R I I I R R e R R R R R T T

........................................................................

2.5.2 pH Meter

The pH meter on which ydu are going to perform your experiment is shown in Fig. 2.9,

I

Description of Controls

?ower Switch : This is lacated on the back panel of the instrument, which turns ihe
instrument OFF/ON. If the instrument is plugged to a 220 V AC supply, the light emitting -

~ diode (LED) on the front panel will glow when the switch is in ON position.

Range Selector : This switch may be put on three positions marked pH, 200 mV and 2V.

. The selector brings into the circuit either the pH scale or 200 mV scale or 2V scale.

Meter Switch : This is a sliding switch with three positions. The middle position serves as a
standby position. For pH measurement, the switch chooses the appropriate range (7 — 2 or

C1-1n, | :




Set Temperature : It is used 10 set the temperature of pH meter according to that of the Acid-Base Titratloos-1 -
solulion.

Set Zero ; For voltage measurement, this knob is used to null the meter reading, During pH
measurernent, this control should be used to set the meter at the pH of the solution in the
indicator cell.

Set Slope : There are two such knobs on the back panel. The lower knob comes into the
circuit for voltage measurement, i.e., when the selector is on 200 mV or 2V, while the upper
knob becomes operational when the selector is on the pH mode. The use of these knobs is
described under the operating procedure. .

Cell Connection : There are two arrangements for connecting a voltage/pH source to the
instrument. In one arrangement, two lead wires with black and red crocodile clips are
provided for cells having carbon electrodes. For pH measurement, the black clip should be
connected to the reference half-cell and the red clip'to the indicator half-cell, In the other
arrangement, a socket is fitted on the back panel for plugging a commercial glass electrode
and a terminal is provided nearby for connecting a reference electrode, e.g., a calomel
electrodc

Before using the pH meter it is necessary to calibrate it. We are discussing here only
calibration for pH measurement. Calibration for potential {(£) measurement can be read
from the instruction manual of mV/pH meter.

2.5.3 Calibration of pH Meter for pH Measurement -

Requirements - : ‘
Apparatus ‘Chemiczis
. pH Meter with carbon electrodes Quinhydrone
- Beakers (100 cm®) — 3 o * KClI (for salt bridge)

. Solutions provided

Buffer solution of pH 4 : It is prepared by dissolving a buffer tablet of pH 4 in a 100 cm’
volumetric flask dilutirg it up to the mark with distilled water or alternatively, it is prepared

by dlssolvmg 10.21 g of the potassium hydrogen phthalate in distilled water and diluting to
1 dm’.

Buﬁe: solution of pHE 7 : It is prepared by dlssolvmg a buf*’er tablet of pH 7 in a 100 cm’
volumetric flask and diluting it up te the mark with distilled water or it may be prepared by
dissolving 3.40 g of potassium d:hydrogen phosphate (KH,PO.) and 3. 55 g of disodium * ‘
hvdrogen phiosphate (Na;HPO,) in distilled water and diluting to 1 dm”. '

" Preparation of salt bridge 'A suitable jelly is prepared by dlSSOlVlng about 3gof KCland  Sait bridge is s U-tube containing s
. 0.3 g agar powder in 10 cm’ of water. The conteats are heated in 2 small beaker on a stéamm  high concentration of a salt, such as

bath ot water bath when a clean solution is ohtained. It is sucked while hot irto U tubes KCl, im“::b“‘-‘ﬁii“ G:‘::;";‘:"

L connects the soiution 1 0
and is cooléd un-is. tap water, This mixture sets to a gel. beakier. Salt bridge servei 1o °
Procedure for Calbration of pH Meter S E:'::x::mw celitrality withis

The proced: re described below assumes that the réference half-celt and the indicator half-
cell are both Jainhvdrone electrodes made from carbon rods and dipping into the solution
to which qu~nbydr »ue has ogepradded. This is undoubtedly the simplest and theé cheapest
method. However, the instrument can be used with any electrode system with a slight
modificat.on iz the p;ocedure The vanous staps of the procedure in sequence are :

"L Take aboul 20 ,.'n of a buffer solutrbn of pH 7.0 in two 100 cm”® beakers.
‘2. Add sufficient qum._wdrone in each of the beakers to saturate the two solutions.

3. Take an agar-agar sait bridgé containing saturated KCl solation andsplace it in the two
beakers. Alternatively, soak a 20 cm strip of folded filter pap:- in a saturated potassivm
ckloricdz solution and use it as a salt bndge

" 4. Ipsert a carbon electrode in.each of the beakers ‘Stir the solutions for sometime.
.. Con 3ot the electrodes to the pH meter using the black crocodile clip for the referenca - o
half—ce', ard the red crocodile clip for lhe indicator half-cell. _ ‘ 43




Qn‘sur_muve Analysis-1

Wlule usmg filter paper salt-britlge,

ensure that u should not become
dry

The ~oncentration of the titrant js
usually 5 to 10 t'mies higher than

. that of the solution to b litmated.
- This is done 50 that the voluine
'chngeuumlllspowbla

8. Use the Set Zero control 1o set the meter reading to 7.0. | e

. In next part we wrll dcscnbe the expenmenlal proccdure for the eslrmauon of acetic acid in
Vmﬂgar .

~ "Apparatus
‘Beaker (119 cm’ Y =2

. Carbon electrodes — 2

| Solution prevrded '

5. Fill the 10 cm’® burette. with standardised sodium hydroxide SO"l*l‘Jn 0.1 M), use-the -

5. Plug-in the instrument to 220 V, AC supply. Turn on the power switch on the back
_panel. The indicator LED should glow on the front panel.

6. Set the selector on the pl-I mode and the meler switch on 7 — 2 position.

7. Meas.rre the temperature of the solution and rorate the Set Tcmperaturc Control 1o lhal
temperature. :

9. Slide the meter swrtch to STD. BY position,

10. Take out the mdrcator electrodc and salt bndge from the bcakf-r Wash wrlh drshlled
water. Replace the beaker by another 100 cm’ beaker containing 20 cm® of pH 4.0
- buffer solution. Add sufficient quinhydrone to saturate it. Stir the solution for
sometime. Reinsert the carbon electrode in the solution and also put salt- bndgc If you
ase usin g filter paper as salf-bridge then replace it with a new one.

1. 'S°' . metar switch- -bridge to'7 — 2 posmon The meter should read 4 0 Ifit does not,
.use lha Tower knob on the back panel to adjust it 1o 4.0.

2.5.4 Requirements

~ . Chemicals ' f
‘Vinegar _ ) : i
Quinhydrone o ;
Potassium chioride
(for making salt-bridge) -

Burette (10 cm’ —a
Pipette (20 ~m’ ) -

Volumetric flask (lOO cm’ ) =1
pH meter — 1

Burette stand with clamp — 1

01 M Sodlum hydroxrde solution : You can use standardised sodlum hydroxide soluuon
of Experiment 1.

2. 5. 5 Procedure

1. Prepare vinegar solution by taking 3 cm? of v.negar in 100 em’ volumctric flask and
dilute it with distilled water, to the mark.

2. Cahb'ate the pH mcter as mcnuoned earlier,

3. Pipette out 20 cm’ of vinegar sotuﬂon ina 106 ¢, . beaker. Aftcr calrbranon of the
pH meter wash the indicator carbon electrode and salt bridge, then replace the buffer
solution of pH 4 with vinegar solution. Insert the indicator electrode in. this solution. :
Also, connect vinegar solution and buffer solution of PH 7 using a salt bridge. If you : 1

- are using filter paper as salt bridge, use a new one atier dipping it in a saturated
soluuon of potassium chloride.

4. ‘\llde the meter switch to 2.7 position. Read the pH ol this solution and record it in
observation Table 1.°

- same se'ittion. wh.rch you have standardised for Experiment |. Add NaOH from the
burette in 0.1 cm’ ots as given in observation Table I. After each addition stir the
solution well and readv&he piI of the solution. Enter the pH values in observation Table I

6. Plot pH vs. volume o NaOH on a graph sheet. Also plot ApH/ AV versus volume of
"~ NaOH. .

2.5. 6 Observations

Volume of vinegar solution taken.= V; = 20 em’
Molanty of standardised NaOH solut.on (calculaled from Expcnment 1)

=M i mol dm™




Obser;at'ign Table I

Burcue reading Volume of NaOH . ApH
) LA p
(Final—initial) pH av ApH _—
[nitial Final cm’ ' .

ay

00-
0.1
0.2
0.3

2.5.7 Calculations

Read the volume of NaOH required for the complete neutralisation of acetic acid in the
vmegar solution from the graph. Let this volume be ¥,. Calculate the molarity, M, of
vinegar solution using the equation :
MV, =M V_z (similar to Eq. 2.22)

Vi X M

M=
: V,

Since, 3 cm’ of vinegar got diluted to 100 ri;
hence the molarity. of commercial vinegarample

_ M X 100
‘——-—-_ T
= e mol dm™ .
X
Strength of commercial vinegar = _1"_4'2_35& X molar mass
S g dm™
2.5.8 Resuit
The r~"1rity of vinegar = ..., mol dm™ ,
The melarity of commercial vinegar solution = ............. mol dm™
Strength of commercial vinegar = ........... g dm'3

Compare the above values of molarity and str°‘|gth of the comrnercnal vmegar with the
corract values, whr:n you can get from jour counsellor

2 6 EXP RIMENT' 3: ESTIMATION OF ACETIC
A“"‘ID IN VINEGAR BY CONDUCTOMETRY "

"‘In the previous e«periment we discussed potent: netry, which is one of the electrochemlcal

. methods for detection of the equivalence noiat. [n this experiment we will distuss
: cr-nductometry, another el.,ctroct'c"ucal ncthod for detection of the equwalence po:m In

Acid-Base Titrations-I
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Quaniiiative Analysis-]

The reciprocal of resistance &
termed aé conductance. This is
measured in reciprocal obims

{or 27", for which the term siespen:
(S)is u.wd.

Molar conductivity is deficed as'the
conductance of one meter cube of
one molar concentration of 8
material, It has units ' m’ mol”!

H'+CI' + Na' + OH

this case, the rate of change of conductance as a function of added titrant is used to
determine the -equivalence point. Conductometric titrations are especnally vseful for very

dilute solutions. Before going into the details of the experimental ;:'o:.eourc, we would like

to first discuss the basic principles of conductometry.

2.6.1 Principle

The electrical conductance of a solution is a measure of its current carrying capacity and is,
therefore, determined by the total ionic strength and mob:hty of jons. In a conductomelry
titration, ionic species of interest are converted to non-ionic forms by neutralisation, as in
acid-base titrations, precipitation titrations, etc. In conductometric titrations, we measure
the conductancc of an electrolyte solution usmg an AC source. An AC source of electric
supply is used to prevent deposition of ionic species on the electrodes. The equivalence

point may be located graphically by plotting the- change in conductance as a function.of the

volume of titrant added. Look at the titration curve in Fig. 2.10 for a strong acid-strong
base titration, .

Conductance, ™

o

Volume of NaOH added (em!)

Fig. 2.10 : Conductometric titration curve.for strong acid (HCl)—strong base (NaOH) titration

In case of acid-base titration, H' and OH™ ions have very large molar conductivit;}. For this

" reason and because H;O has a very low conductivity, acid-base titrations yield the most

clearly defined equivalence points (see Fig. 2.10). To further illustrate, consider first the
titration of a strong acid, like hydrochloric acid, with a strong base, like sodium Hydroxide.

In the initial stage, the conductance of hydrochloric acid is due to the presence of hydrogen

and chloride ions. As alkali is added, gradually the hydrogen jons are replaced by stower -
moving sodium ions of low conductivity,

Na + CI".+ H,O
(umomsed)

Hence, on continued addition of sodium :hydroxlde, the conductance will go on decreasing,
until the acid has been completely neutralised. After this point any subsequent addition'of
sodium hydroxide will result in introducing hydroxide ions of high conductivity. The-

- conduatrese, therefore, after reaching a certain minimum value, will begin t6 increase. On

plotting the condactance against the volume of alkali added on a graph paper,
sonductometric curve, similar to the one in Fig. 2.10, is obtained. In this figure, curve AB

* indicnrtes decrease in conductivity and curve BC indicates increase in conductivity. The

pnint of intersection, B, of these two curves indicates the equivalence point. A line drawn
from ‘By to the axis indicating volume of NaOH (V.) added to obtain equivalence pcint.

Now let us consider the case of our experiment, in which we are titrating acetic acid in 7
vinegar with a strong base, sodium hydroxide. To begin with, the conductance of the
soluticn will be low on account of the poor dissociation of the acid. On 3dcing tie base,

highly ionised sodium acetate is formed and hence.the conductance begins to increase.

CH;COOH + N2* + OH~ CH,COO™ + Na' + H;O
{poorly . (ionised)

ionised)

When the acid {s completely neutralised, further addition of the base introduces excess of
hydroxide ions of high conductivity. The conductance of the, solution, therefore, begins to
increase even more sharply than before. On plotting a graph of the conductance agamst the
volume of the base added, two curves are obtained and the point of their inkersection gives
the equivalence point (see Fig. 2. ll) _ RS
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Conductance, ™'

”
0.1M ’

Ve. '
Volume of NaOH added {em?)

Flg. 2.11: Titration of acetic aold against sodium hydroxide

Conductance of a solution is measured in millisiemens (mS} using a conductometer. Now,
we will study the basic-features of this instrument. '

SAQ 6 : .
Using Fig. 2.11. pick out the correct statements out of the following :

{a) Slope of curve AB dspicts the-increase of conductance due to the ionisatior of sodium _
acetate formed. .

. {b) The increase of conc’uztance shown by AB portion of the curve is Iduc to the addition
of hydroxide fons having high conductivity. '

{c) The increase of condﬁctance showr. by BC portion of the curve is due to excess of.
hydroxide ions. '
2.6.2 Conductom.ter

The -onductometer, w'izh you are 2oing to use is.shown in Fig. 2.12.

DR

CONDUCTANCE CELL

Description of Ce«trals

Power Switch : This is locrted on the back panel of the instrument, which turns the )
instrument OFF/QON. Wher. ON, the T.ED on the fron* panel wiil glow if the instrument is
plugged tc 2 227 V, AC supply.

. Range'seleqfor * T'sis a rotatiznal selector switch ard it has three positions marked 0.2,
.2ard 20'which r=fer o the full scale meter deflection in millisieraens (mS).

Mode Se’le‘_ctor',: This is a sliding selector switch used to set the instrument either inthe
calibrating made or the réad mode. The two positions are marked CAL and READ. In the
CAY mnde, the standard resistor, inside the instrument replaces the conductance cell,

Sensitivity : This knob is used to set the meter reading to the calibration mode, 47
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2.6.3 Calibration of Conductometer

- 1.. 'Plug in the instrument to the 220 V AC suppty. Turn on the power switch on the back

“panel. The indicator LED should glow on the front panel.
2. Set the Mode Seiector.on CAL.
3. Set the Range Selector on the desired setting, i.e. 0 2,2 0r 20.
4. Set the meter reading t0-1.0 with thq help of the sensitivity knob.

4
When the range selector is switched to a new position, it is advisable to check the
calibration again. Set the meter reading to 1.0 with the sensitivity knob, if any deviation is
observed. In the next section we will descnbe the experimental procedure for the estimation
of acetic acid in vinegar.

2,64 Reqﬁirement_s

Apperatus ) Chemical
Burette (10 cm®) — | . " Vinegar
Pipette (20.cm®) — 1

Conductometer — 1

Ccuductance Cell — 1

“GlassRod — |

Burette stand with clamp — 1
Solutlon provided

0.1 M Sodium hydroxide solution : You can use standardised sodium hydroxide solution

of Experiment 1.

2.6.5 Procedure

1. ®ipette out 20 cm’ of vinegar sotution (whlch you have already prepared for
Experiment 2), in the conductance cell. -

2. Take NaOH solution in the 10 cm’ burette.

Connect the conductometer to the mains and to the conductance cell Switch on the
instrument keepmg the meter switch at ‘CAL".

4, - Cdlibrate the meter keeping the selgctor knob at ‘2m:S' by rotating the ‘éensitiifity’ knob
till the meter reads 1.0. ‘

5. Shift the meter switch to ‘Read". Read the conductance of the solution (keep the surrer
above the solution). Record this value in observation Table I. .

6. Make additions of NaOH from the burette as given in observation Table [. After each

addition, stir the solution well and read the conductance, keeping the stirrer above the -

solution. Enter all the conductance values in observation Table L.

7. Plot conductance versus volume of NaOH on a graph sheet.

" 2.6.6. Observations |

Volume of vinegar solution taken = V; = 20 cm’
Molarity of standardised NaOH solution (calculated from Experiment 1) = M,
= e 0L dm

_ Observation Table I

Bureite reading Volume of NaOH Conductance
in cm’ ) (Final — initial}

Initial Final o~ ms




0.6 _ ' o © Acid-Bose Tiltr'u_doﬂs-l

2.6.7 Calculations

Read the volume of NaOH ioquired for the complete neutraliéat_ion of acetic acid-in vinegar '
solution from the graph. Let this volume be V. We can calculate molarity of the vinegar
solution, M3, using the formula (Similar to Eg. 2.22). '

Mz Vi'-—'-'Ml Vi

Since, we have diluted 3 em”® vinegar to 100 cm® solution. Hence, the molarity of _ _ .
commercial vinegar, )

_ My X 100

= e s mol dm

<o My X 100 X Molar mass
Strength of commercial vinegar = :

.3
= s 2o 120]
2.6.8 Resuit , ,
Malarity - f the vineger solution =............."'mol dim™
Mzlarity cf the commer-ial vinegar sample given = .............. mol dm™
‘Strength of commercia! vinegar = .............. mol dm™ \

Compare the calculated molarity and strength of the commercial vinegar with correct
values, which you can get from your counsellor. :

I:? all the thrqe experiments of-this unit, yofl-have titrated ﬁineénr.solution using three
different titrimetsic methods, Now Fut your results from all these experiments in the table
given below :

I Experiment | Experiment 2 Experiment 3
Correct “zlue of strength "
ingdm” | . : . 1
Calculated strength
ing dm'i

- Give your comments in your practicat nbte-book about the accuracy of the results, time
facter and convenience of these experiments,

Based on what you have I=grnt, you can design experiments for analysis of some
commercial pritucts such as : estimation of citric gcid in lemon juice, tartaric acid in wiae,.

- phosphoric acid in soft drinks, acetylsalicylic acid in aspirin. etc. S o
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i At 27 ANSWERS TO SAQs

1. a) ' | conjugate pair I
HI + H;O0 = H,0'+ T
Acid; Base; Acid; Base
I

- conjugate pair

b) ' r conjugate pair I
H.0 + CO} ='HCO; + OH"
- Acid, Base: . Acid: Base,

conjugate pair

©) l conjugate pair I
_ CH,COOH +H,0 = H;0" + CH;CO0O™
© Acidy Base, Acid; Base,
| }

_conjugate pair

d). . [ conjugate pair |
k HCl + NH, == NH:+Cl™:
‘Acid) Base;-  Acid; Base;
[
conjugate pair _ ;
2. ) () Acidic (i) (H") = 1 X 107 mol dm™, (OH) = 1 X 10""° mol dm™
b) Increasing order of acid strength : '
- HCN < NH} < CH;COOH < HCOOH
pK,of HCOOE = —logK; -
— log 1.8 X 107
=~ (log 1.8 + 107 -
— (0.2553 — 4)
oK, of HCN = 9.31, pK, of NH: = 9.24, pK,of CH;COOH = 4.74.

‘3. Muethyl orange o
4. Buffer region in the titration curve of Fig. Z.3.

H
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7 o
- pH i 1»&\&“"@

N

4

3

2

. l-

0 20 40 60 B0 100 120 140 160 180 200

Volume of NaOH added (em?)

5. (i) Potentiometric titration gives very accurate results.
(ii) Weak acid-weak base titration can be performed by potentiometry.
(iii) Coloured sohution can also be titrated for acid or base content.

TE-L 6(4B)Y - .
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UNIT 3 .ACID-BASE TITRATIONS-IT

Structure
3.1 Introduction
Objectives

3.22 Experiment 4 : Determination of sodium carbonate and sodium hydroxide in a
mixture by-indicator method
Principle
Requirements
Procedure
Observations
Caicuations
Results

3.3 Answers to SAQs

3.1 INTRODUCTION

In Unit 2, we discusé,éd the basic principle of acid-base titrations. Based on this, you |
performed three experiments fot the analysis of acetic acid in vinegar using three different

techniques, In this unit we are expanding acid-base titration method further for the analysis -

of a mixture of sodium carbonate and sodium hydroxide. This method of titration will help
.you in understanding the basic principle of some important industrial analyses such as that
of soda ash, sodiu bicarbonate, mixtureof sodium carbonate—sodium bicarbonate,
commercial caustic soda, washing soda, etc. The procedures, such as, conductometry,

potenfiometry or acid-base indicators can be used to analyse the 2bove substances. Here we )

will discuss the acid-base indicator method only for the analysis of a mixturé of sodium .
carbonate and sodium hydroxide. :

Objectives

After performing lhis"experin‘lem you should be able to ; -

. ® ctate and explain the principle of acid-base titration with special reference to the titration :

of sodium carbonate and sodium hydroxide mixture, -
@ stanJardise the given solution of hvdrochloric acid and use it in estimating basic -
, soluticas, and : : S o ,
@ determi. : the strength of sodium carbordte and sodium hydroxide in a given.solution.

3.2 EXPERIMENT 4 : DETERMINATION OF SODIUM
-, CARBONATE AND SODIUM HYDROXIDE IN A |

MIXTURE BY INDICATOR METHOD

~ Titration of a' mixture of sodjum carbonate and sodium hydroxide is basicalty the same as

the acid-base titration discussed-in *Jnit 2, except that there will be more than one region-in -

which the pH varie; ‘apidiy because such a titration has more than one equivalence point.
Titration curve also shows more than one sharp pH breaks. First we will discuss the
principle, - : ‘

3.2.1 Principle

We observe two gquivalence points in this titrution, You may like to ask, why does a
mixture of sodinm carbonate and sodium hydroxide behave this way? To answer this

quesliop we shpuld first study the behaviour of sodium carbonate solution and then the
behaviour of a mixture of sodium carbonate and sodium hydrcyide in acid-base titrations.

. Sodizm ca v uezre s a salt of a weak acid and a strong base; when sech.salts are dissolved
- in wate, they beYiave as bases due 10 the basicity of the conjugate bz¥%e CO3 in this case.
The eduilib;ium, whizh is often called hydrolysis, is given by the rw':t!g.-f::

COi" + H.0 =z HCO; + oH" ot
(cartonate ion) (bicarbonate ion)

@l

= =i o W
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The bicarbonate ion is further hydroiysed to carbonic acid : ' .
- - HCO; + H,O = H,CO; + OH ) : we (3.2)
: {carbonic acid) ' : :

The OH" ions so produced in solution are responsible for the basic character of sodium

carbonate. ' '

thn sodium carbonate is titrated with a strong acid, such as hydrochloric acid, the
carbonate ions are first converted to the bicarbonate ions, and then to carbonic acid, This is -

_ duetothe faet that a strong acid displaces a weak acid from the conjugate base of the Jatter.

CO¥ + H' —— HCO; : v (3.3)
{Na,CQs) (HCD) ‘ : '
-HCO; + H' H.COy __— .. (3.4)
" (HCD ' T
Combining both the above equations we can write, )
COf + 2H' —— H,CO; ... (3.5)
(HCh ’ | ! . .
From Egq. 3 5, wecan sce that P = land ¢ = 2, substituting these values in Eq. 1.8, we get
MN::COJ__V!:’I'@ _1 ’ ‘
Muc Vuar 2
- 1&, Myct Pucr = 2Mizcoy Viascos ' - (3.6)

Dug to the neutralisation taking place in two steps as indicated by reactions in Egs. 3.3 and
3.4, we observe two regions of sharp pH change in the titration curve (Fig. 3.1) and thus
two equivalence points. Here up to the first equivalence point COY” is neutralised to HCO,
stage; and up to the second equivalence point HCOJ is neutralised to H,CO; stage. In this

- experiment we will utilise this behaviour of sodium carbonate in the estimation of a mixture

of sodium carbonate and sodium hydtoxide.

H

ok

HCO; = CO, + H,0
B Aa— e e
P

2 : I
V.lme of HCI added (cm?}

Fig. 3.1 : Titration carve for sodium carbonate titrated with hydrechloric acid. )
The titration curve for a sodium carbonate and sodium hydroxide mixture is shown in Fig.
3.2. As you can see, it has two equivalence poinis. The first equivalence point indicates
complete neutralisation of NaOH plus half neutralisation of the carbonate, i.e., its
cor.vérsion to the bicarbonate (cf Eq. 3.3). The second equivalence point indicates
neutralisation of the bicarbonate (cf Eq. 3.4). : '

From Fig. 3.2 and Table 2.3 you.can see that for the detection of the first and the second
end points, phenolphthals’n and methyl orange, respectively, are the suitable indicators.
Once these two end paints are detected, volume of HCI used to titrate sodium hydrxide

" . and sodium carb¢natemay be calculated. This can be-further illustrated by considering

Fig. 3.3.
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Fig.3.2: T‘Iratln.n curve for a'mixture of sbdlum'carbmale,g{ld sodium hydroxide tirated against ldd

OH” — H,0 ‘ | €O} — HCOy | HCO;— M0,
(NaOH) . ' _ . ”
- - - , Vi = (V\ — V) cm
et —a ‘ bt © V= Ok
. N " m .
h=h - e’ : | o 2 Viem’
e |
Mem C S
— L ! : -
! , \...
L
I— o A o
Vl . . - . L . Vh_ . V¢
JFig 3.3 Titrstior f » mixture of rodlum carbonate and sodiu hydroxide with hydrochloric ackd,

In'this diagram V,, ¥, and V., refe: to buréjte i-eadings—'inilial. at the end

point: with:-

phenoiphthalein and at the epd roint with methy! orange, respectively. The values of AL
and V. are also used in observation Table Il in calculating the volumes of HCI required for |
reutratising NaOH aqd Na,CC. raixtures. Thus, for the first end point we need '

Ve = Vi =+, em’ and for the second end point ¥: ~ ¥, = V, cm’ of hydrochloric acid,

then the *‘tration.of HCO; requires V. — Ve = ¥, cm’ of HCL An additional ¥ cm’,
therefore, is required to titrate the original CO§"-to HCO:. Titration of the OH™ in the

original sample needs V. = 20, = V, cm’ of HCL. -

The corresponging ¢+~ ical reactions may be summarised as :

OH = +H —=H,0 ' end point with pkenolphthalein; volume of
(Ns “5)  (HCY) HClused = Vo =W~ §,
col  +m -

HCO;,

- (Na:COy) (HC) IR . o ‘

HCOS + R o ——HyC0, b - ong point with methyl oran
(HCI) ‘ used = ¥y = ¥V, — ,

-~

ge; volume of HCI

.":,r '
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Quaiiitative Analysis-1

Before using hydrochlonc acid Tor the titration it should be standardised with a suitable’

* primary staridard, preferably sodium carbonate. The reaction bétween socd.um carbonate
and hydrochlonc acid is given in Egs. 3.3-3.5 which we have alrez*, iscussed. E.nd point
of the t:trauon is detected with methyl orange‘mdlcator ‘

Before proceeding further, an_sx_ver the following SAQs.

5AQ1
Suggest whether aqueous solutions of the following substances are acidic, basic or neutral

a) NaCN b) NaCl ¢) CH;COONa d) NaHCO; ) K.CO;

N R R N R I N R R R R LU LT LR S

O T R R R R S

SAQ2

" Predict the number of pH breaks gbserved for the follov.nng titrations.
~..2) CH;COOH — NaOH '

"b) NaHCO; = HCI

¢} K;CO, — HCl

R R R R T R I R R e R R I R B A AR R RN BT I A R B LR R NN L L N S L L

...........................................................................................

SAQ3 . : .

KiHPO T

KH:PO;—»]

0 20 40 60 B0 10D 20 140
Volume of KOH added (cm3)

Fig 3.4: Titratlon of 50 cm® of 0.1 HH;PO: with 0.1 2f KCH

' 3 2.2 Requlrements

You wit! need the following al:ipargtus and chemi_i:als for this experiment.

Apparatus - o Chemicals

Burette (50 cm’)'~—_-| : : L,

Pipette 20cm®) — 1 . ' . Sodium carbonate’ °

Conic*” flask (250 em®) — | e

Weigl g bottle -
_Yolun tric flasks (250 cm' ) — 2
‘Funn' — | )

Burtte stand with.clamp — 1. . . ..




Solutions provided " : : Ac_id-_nu'e 'l‘ltmﬁou-u :

: .Mixtﬁre of sodium ca:bonatf nnd sodium hydroxide.

Phenolphthalein indicator so;utmn It is prepared by chssolvmg 5 g of the reagent in 500 To obtain salisfactory results by

cm® of ethanol and adding 500 cm’ of water. If a precipitate is formed, it is filtered. . double indicater method the solution -

titrated must be cold, and loss of
Methyl orange mdicator solution : It is prepared by dissolving 5 g of free acnd/sodmm salt  carbon dioxide must be prevented as

of the indicator in 1 dm* of water; 15, 2 em’ of 0.1 M HCl is added to the sodium salt far as possible by keeping the tip of
further, lf necessary. . “the burette immersed in the Lquid.

Hydrochlonc acid sohtion. (0.1 M) : This soluuon is prepared by taking 10 cm” conc. HCl
ina.l dm® volumétric flask and diluting the acid up to the mark wnh dlSll"Ed water..

323 Procedure | _ - _ | : .

Flrst collect 0.1 M hydrochlonc acid in a 250 cm’ botle. Since hydrochlonc acid is a
secondary standard, you have to standardise it by titrating it against a primary standard,
Na;CO; in this case.

1) Standardisation of hydrochloric acid
i) Take approximate mass of a clean dry weighing bottle and then welgh the

weighing bottle with about 1.35 — 1.40 g of dried sodium carbonate exaclly
Transfer the sodium carbonate to a clean volumetnc flask of 250 cm' capacuy '
through a glass funnel. Weigh the weighing bottle again_ and find the exact mass of
sodium carbonate transferred by subtracting this mass from the mass of the -
weighing bottle plus sodium carbonate. Dissolve sodium carbonate in volumetric
flask and make up the volume to the mark with’ distilled water.

i} Fillup the burette with hyd-ochioric acid solution and mount.it on a sland Note
the reading on the burette and record iL.in the observauon Table | under the initial
reading column.

iif) Pimette ouf 20 cm’ of the standard sodlum carbonate solutior, add two to three
drops of methy! orange indicator. Titraté with: constant swirling against a white
back-grounad till a red colour is obtained. Record your reading in the observation
. Table I under the final reading column. Repeat the titration to get at least two
concordant readings. : :

2) Tltration of the mixture of sodium carbonate and sodium hydroxlde against -
: _s!andardlsed hydrochlonc acid :

i) Papeue out 20 cm’ of the mixture solution in a conical flask. Add 1-2 drops of
phenolphthalein to it; a pink colour will be obtained.

if) Note the initial rmdmg of the burette in the observauon Table I under the mmal
reading column. Run in standardised HC1 from the burette slowly into flask until -
the pink colour is ]ust discharged. Note the burette reading in the observation
Table 11 under the ‘reading with phenolphthalem ‘column.

iii} Now, add a few drops of methyl er»angc 16 the solution in-the conical flask; a
yeliow colour is obtained. Run in a further quantity of the acid until the yellow

+ colour of the solution changes to red. Note the final burette reading in the ,
observaticn Table I under the ‘readiig with methyl orange' column. Repeat both
titrations with both the indicators to get two concordant sets of rcadmgs

3.24 Oh‘iervatlons-

Mgss of the we.ghmg DOMIC = M1 € = svvinnnnr B ' :

Mass of weie”"ng bottle + sodium carbonalc S E T i £ ‘ L -
~Mass of weigh’ "8 bortte (after transferring the salt) = my g = i 81 '

Amount of s¢ ‘um carbonate translerred = m; — My = Mg = vvvesiieinns §
. Molar mass (* ) of sodium carbonate = 106 g mol ! ’

Volume <i -~ “im carbonate prepared = 25C cm’

- Molasity 'qf sr--‘um carbonate solution = M,

i

X 10aC.
L X “tmol dm”>

Mo X 250 | - | | 55
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- m )( 4 L -3
= mol dm
106 .
= e mol dm™
- Observation Table l
Sodlum carbonnte solutlonsg vs, hydrochlnrlc acid solution
18.No. | Volure of Na;0O0, i in em’ " Burette reading Volume of HCl in cm?
‘ B Initial Final (Final — Initiat)
20 '
2 20
3 20
‘ : Observation Table II
Hydrochloric acld solutlon vs. solution of a mixgure of Na;CO, and NaOH
S. | Vohimef T Vu!ume of HCI | Volume of HCI | Volume of HCH| Volume |Volume of HC)
[No. | sodium [, __Buretie Reading wsed in wedin | uedin | ofHCI | usedin
carbovate Initial | with - | wilh’ uiuuon of { fitrationof | titrationof | usedin | titration of
and phenolphibslein |methyl | NaOH + half | NaOK + Ma,CO; HCO;  |tiration | NaOH
sodium orange | of the Na,CO,y i of
bydroxide : ' . N3, CO,y
mixture o - : : '
solution in- B G AT A A AR A A 1 7 [ 25T A 1)
om’ ¥, 13 v, cm’ e’ T em | oem® em’
I 20 . ' ]
12 20
3 20

3.5 Calculations

a) .

Standardisation of hydrochloric acid solution :
Molarity of sodium carbonate soluuon M o s mol dm”
Volume of sodium carbonate solu‘ion = V; =20 cm?

. -Volume of hydrochloric acid (from observation Table I)= V3 cm’=............. cm®
. Molarity of HCI sclution -—Mz 7 .-
Using Eq.36: . S
Molarity of HCI solution
Yo _2MLV,
M= 148

wner. ol A~

Eslimalion of sodium carhonate and sodium hydroxide in the mixture : This can be
dot.e as follows :

i} Estimation of sodium ca.rbonate in the sofution : Volume of hydrochloric acid -
.used in the titration of sodium carbonate in the given sample (from observation.
Table =2V, =¥ = ... cm* |
Molanty of hydrochloric acid solution = M, —Mz .............. mol dm™ (from
standardisaticn of HCl solution)

'Vo'ume of HCI solutien used =2V, = Vs =.............. c:m3 ' '
~ Vclume of sodium hydroxide and sodxum carbonate solutlon =V, em’ =20 cm
Molarity of Na:CO; solution =M, =7 - .

Using Eq. 3.6,

L2MVe=M,

=..........;§.....ﬁ10[ dm® o

: ‘Strength of sbdium carborate présént in'the
- given solution = M X Molar mass :




ii) Estimation of sodium hydroxide in the solution : Volume of hydrochloric acid
used in the titration of NaOH in the giver sample (from observnuon Table IT)

=V, = Vs s . S
Molarity of hydroc"‘onc acid solution = Ms= Mz = ... mol dm™ -
- Volume of HCl solvtion used = ¥, = V5 = v cm’ '
Volume of the solL.:on contamlng sodium hydroxide and sodium carbonate
=V;=20cm’

Molarity of sodium hydroxide solution —Ms =97

Using following mclarity equation, (sodmm hydroxide and hydrochlonc acid react in
equimolar ratio),
MsVe=M;s Vs
o MV
Ms= 2

Strength of sodium hydrox:de in the given solution -
= M X Molar massg dm™
= e § 407

3.2.6 Results .

i)

if)

Molarity of Na:CO; in the given solution =............. mol dm™" .
Molarity of NaOH in the given solution = ............. mol dm™  ~

Strength of Na:CQ; in the given soluuen = roevererneson
Strength of NaOH in the given solution=

Compare thes‘e results withi the correct ve!.l'es for the given soluuon of a mmure of sodlum
carbonate and sodium hydroxide.” :

Usmg the- expenmental technique menuoned above You can also dwgn an expenment o
determine the percentage purity of commercial caustic soda. As you know sodium
hydrokide absorbs CO: from the air and gets converted into carbonate.

2NaOH + COz —- ——N2;CO;+H:0

Therefore a solution of caustlc soda glways contains some Na:CO,

3.3 ANSWERS TO SAQs

.~ a) Basic

b) . Neutral - . .

. ¢) Basic

d) Basic’
e) Basic .
2) One
b) One

. ¢) Two -
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., Quantiiative Analysis-l

3. Phel:io!phthalein- for the first pH break and methyl orangé for second pH break (See

Fig 3.5). -

14 T ;
[ l ] Indicator ranges
13 K:PO = ‘
12 7T e :
il ( .
10 IGRPOTT | S
9 Phenolphthalein
8 .
7 .
pH 6 ;__ -I/ *
KH:POF"J: -1 | |-
4 : / ‘ BRR! ; % Methyl orange
3ttt L N
2544 L
’
J
0

.0 20 40 60 30 100 120 140

Volume of KOH added (emd)

Fig. 3.5 : Titratlon 30 cm’ of 0.1 M H;PO, with 0.1 M KOH

[EPoT LT S CIMAEL e N AT £ TR e PGS A

TR LTk e T




NOTES




IErEEy




Block

UGCHE-L6

- Chemistry Lab -1

QUANTITATIVE ANALYSISI
UNIT 4 - |

- Estimation of Iren

UNIT 5
Estimation of Copper

. 19

UNIT 6
Analysis of Water

33

R SV iy wpey TR




BLOCK INTRODUCTION

In the first block of this lab course, you studied some basic concepts which are
important in titrimetric analysis. You learnt the prmclplc involved in acid-base
titrations and also carried. out the experiments set in Unit 2 and.Unit 3." We hope
now you axe familiar with the tech.mques used in these analyses.

In this block you would study, mnmetnc and colorimetric methods for estimating a
metal in a given sample, as well as complexometric and other methods for the
analysis of water. As in Block 1, here also we have discussed the _pnnclple involved
in each experiment along vnth fﬁe procedural details,

In Unit 4 you would learn to estimate ferrous iron using redox titration methods,
namely, permanganatoinetry and chromatometry. In Unit 5, we have discussed
another redox titration, i.e., iodometry to estimate copper. Besides this, you will also
learn - another method of copper estimation which is based on the principle of
colorimetry. "Jnit 8, the last unit of this course discusses the analysis of water. Here
-you would learn to determine temporary, permanent and the total hardness of water,
its alkajmlty and dlssolved“ oxygen in a water sample

- Objectives

to: ,

e explain the basic principle involved in redox titrations and in colorimetry,

@ determine the percentage of iron by permanganatometry and chromatometry,

e determine the percentage of copper by iodometry and colorimetry,

o state and explain the principle of compiexometry and apply this ;nethod to.
determine temporary, permanent and total hardness of water, .

‘e determine the alkalinity of water using acid-base titration mett‘c.d and
v state and explain the principle of Winkler’s azide method and ay -ply this mcthod to
estimate dissotved oxygen in a water sample.

After studying this block and performing the experiments‘set. in it, you should be able
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.. UNIT 4 ESTIMATION OF IRON

-
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Structure
4.1 Introdvrtion
" Objectives

42 Oxidation-Reduction: Redox Potential
4.3  Redox Titrations R

Redox Tltration Curves
Redox Indicators

4.4  Experiment 5: Determination of the Percentage of Iron'in the Given Iron

Filings Solution by Permanganatometry -

Principle :

Requirements .

Procedure

. Observations

.Calculstions - . . _
Result ‘ . .

4.5  Experiment 6: Determination of the ¥ ercentage of Iron in the Given Iron
Filings Solution by Chromatometry :
Prin~iple :

" Requirements
Procedure
Observations

.Calcrlations ' - '
: Rﬁilt ° : : : /
4.6  Answers to SAQs ‘ :

4.1 INTRODUCTION

. You have 'earnt about the theory and spplications of acid-base titrations in Units 2
and 3. A large number of analytical Aeterminations make use of another important
kind of titration, namely, redox titration, As the name suggests these titrations are
based on oxidation-reduction reactions. It contrast t: acid-base titrations in which
the titration reaction involves the formation of undissociated molecules of a weak
electrolyte (water or a weak acid), a redox titr=5ion feaction is associated with the
transfer of electrons. The electrons are transterred from a reducing ageat to an )
oxidising agent. Tn this uriit we will discuss ‘such titrations. An atterapt is mace here - ' i
to make you uncerstar some f'iidament=' concepts related t redc titrations and
the theory hehird the reactions involved. Analytical redox titrations involve the use

of a variety of ‘oxidising and redut:ing agents. Different types of redox titrations are

named on the basis of oxidising/ reducing agents involved. Of these, two types of

titrations, namely, penmnanganatometry using potassium F™manganz?~, KMnOQ, and
chromatomeiry using potassium dichromate, XCry0; wouil i Lix: asis of the two
experiments which you are going to do in *his unit, In the next unit you will serform

another type of redox titration, namely, iodometry vs'ng iodine. o

: ObjecﬁveS

After reading this ur: 2nd performing the experiments you will be able to:
¢ define oxidation, reduction and redox titrations, C
e explain the significance of radox potential in redox titrations,
¢ interpret redox *itration cur-23, o _
o-explain the use of various types of redox indicators, :
e apply the redox titration methods, viz,, permanganatometry and chromatometry,
. for estimating iron in the given sc'ution, _ ' ) "’
--o state and explain the principle invoivad in permznganatometry and
chromatometry,:and : o _
* o calculate the percenzage of iron in the given solution by permanganatometric and E
chromatometri¢c methods, ' - : '
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. In this section we will briefly review the theory of oxidation and reduction reactions.

or airjon, e.g.,

- where we have a pair of oxidising-reducing agenis such that either of the species can
- act as an oxidising or a reducing agent, the direction of the.resction is deterzuined by
" comparing the redox potentlal of the oxidising/reducing agenis. The redox potential

is a quantitative characteristic of the oxidising/reducing power of a reagent. Let us
 try to understand the significance of redox potentisl, :

B system coniai.ning both an oxidising agent and iis reduction product, there will

_the platinum electrode leaving the latter positively charged, if, on the other hand, the
. difficult to measure this poiential between the metal and the solution or between

 potential of ihe given system and SHE, the potential of which is taken to be 0.01 V. -

 For a simple reduction reaction,

‘Here, Qx. form = Oxidised form

—where

‘system is called standgrd potential It is a characteristic of a given system,

4.2 OXIDATION-REDUCTION: REDOX POTENTIAL

T

Oridation is the process which results in the loss of one or more electrons by an atom

. Fett — L Fet+ 4 o Ny
Reduction, on the other hand, is the process which results in the gain of one or mose
elertrons by an atom or an ion, e.g., :
y _ L+ 26— 2C1- (4.2
Different oxidising/reducing agents differ from one another in their strength, An
oxidising agent can behave as a reducing agent in the presence of a stronger oxidising
agent, gor a reaction of the type: . ' . |
- Oxidising (1) + Reducing (I1) ———— Reducing (I) + Oxidising (5
agent agent : agent agent :

P T e et Y P T o L o e

-
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be an equilibrium between them and the electrens, ¥ an inert electrode, such or
platinum, is placed-in such a redox system, e.g., one containing Fe* and Fe?* jona, it
will assume a definite potential indicative of the position of equilibrivm. If the system
tends to act as an oxidising agent, then Fe?* — Fe?* and it will také electroms from

systere has reducing properties (Fe2* —» Fe*), electrons will be given up to the
metal which wilt then acquire a negative charge. The magnitude of the poteatial wilt
‘thus be a measure of the oxidising or reducing properties of the system. It is quite

different oxidation states of a metal, For this purpose, such a system is coupled with
standard hydrogen électrode (SHE), i.e., we make a galvanic-cell and measure
electromtive forte (e.m.f.) of the cell. The e.m.f. of such 5 c¢ll is the difference of

This e.m.f, is referred to as the redox potential. . B

It should be noted that = solution of a pure oxidising agent or  puze.reducing agent
always contains the products of their reduction or oxidstion, respectively. For
example, reductant Fe?! always coatains some Fe** and the oxident MnO7 always
contains Mn?* jons. That is why if is more correct to spesk of the redox potentials of
oxidation-reduttion couples such as Fe*/ Fe?*, MinO7/Mn?*, ei<., rather than of the
individual oxidant or reductant potentials. ,

Ox. form + ge ——-—-a Red. form

‘Red. form = Redgced forma
the reduction potential, E, is given by Nerust Equation:

E=po4 RT 1o [O7]

oF  [Red]

(43

R = Gas constant ( = 8,314 J mol"'K™1)

T = Absolute temperature (K)

F = Faraday’s constant ( = 96,500 C)
E° = Standard redox potential - :

1 = number of electrons gained or st

When [_Ox} = [Red], the log terin in Eq. 4.3 becomes zero, then the ;ibrcntial of the




A 500 K, substituting the values of R, Tand Fin Eq. 4.3,

0059, [0x]
a2 [Red] , L (44)

E.E:"+

Knowing the chemical reaction involved and the potential of the solution, we can use
. the Nernst equation to evaluate the relative concentrations of oxidised and reduced -
forms. Thé solution poteritial can also be calculated if we know the concentrations of
thc two forms,

sAQ1
Write equations for.the following half reactlons

1) Oxidation of hydrogen molecule to form hydrogen icns:

ii) Oxidation of sulphide ions to form sulphur:

P T L L LRI SR RN R L LR LR N
.......................................................................................................

iid) Reduction of chlorine molecule to form chloride ions:

iv) Oxidation of cuprous ions to form cupric ivhs: .

v) Reduction of oxygen molecule to form oxide ions:

4.3 REDCX TITRATIONS

You know, a redox titration is based upon the oxidation-reduction reaction vetween
a titrand and a titrant. Hére the end point can be detected either by the colour
change of a redox indicator or by plotting data taken by using a potentiometer. In
this section we first discuss the redox titration curves and then the red >x indicators,
These concepts will tell you how redox mdlcator and potentiometric detection
procedures work.

4. 3 1 Redox Titration Curves ' .

. We can see from Eq. 4.4 that the potential of a gwen reaction depencs upon lhe

relative concentrations of oxidised/reduced forms. In the course of a redox titration,

the solution potential also changes, since the concentration of oxidis¢d and reduced

forms goes on changing. At one stag”. when either of the forms’ gets exhausted, i.e.,

at the end point, there is a sharp cha~ /e in otherwise gradually varying potential.

. You msv recall here what you etudie” in acid-bas= titrations, where either the pH or
the con“vctance shows a sharp change at the end pc'nt. We shall theoretically try to
see the riation of potentia! during the course of titration which is called redox
titration curv=. Let ys illustrate this by taking an example of the titration between
ferrous iron and potpsvlum permanganate solutlon which incidentally is also the lirst
eypenrnent in this urit.

Regdox utratlon curve for ferrous sulphate-potassium perranganate titraticn

T2 theetitration of FeSO, with KMnO, in the acidic medium, the permanganata ions
2 0475 ferrous ions to ferric ions and get reduced to divalent manganese iens. The

ionic reactions involved are as follows: ]

[Fe?* ——=Fc** + ¢ X5 L n(4.5)
. MnOj + 8H" + Se === Mn" + 4H,0 ' . (2.6
Addmg‘?,q 45anqu 4.6, '

Estimation of Iron
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- . not affected, At a pH of about 3 (acetic acid), bromide is oxidised, but chloridé is i
- still anaffected. The latter is sxidised only at a much higher hydrogen ion

' titration, we can make use of Nernst equation using the standard redox potentials fox;;

 the potential is approximately equal to the maximum for Fe*/ Fe’* system under

general equiticz: _ , i

. point B in Fig, 4.1, Beyond this, further addition of MnO7 merely alters the relative

- Table 4.1. You would notice that Eq. 4.9 for determining the potential of ¢
- MnO7/Mn?* couple contains [H*] term. The concentration of [H*] is kept 1M so
that in the effective equation we need only the amounts of MnO; and Mn2+,
- However, it may be mentioned here that the hydrogen ion concentration has an

.case. AtapH of 6, €.g., it is found that the oxidation potential of permanganate is
"about (.6 volt Jower than with 1M acid solution, where pH = 0. Use is made of this

‘MnO7 + 5Fe?* 4 8H* ——» Mn?* + 5Fe™* + 4H,0 ‘ (47_

The system contsins two redox couples, viz., Fe**/Fe’* and MnO7/Mn?*. Since botll‘
the reactions are in equilibrium, at any stage of titration, the solution contains all thej.

- -species. Fo calctlate the potential of the solution theoretically at any instance of |

the two couples;,and substituting the values of R, Tand nin Eq, 4.3, The values of 5
can be obtained from Eq. 4.5'and Eq. 4.6. 4
— 0774 0059, [Fe¥] i

E 0'77 + 1 log [Fe**] _ . (48-

_ 0059 [MnOGJ[HY® | :

E=ls1+ 5 log [Mn?*] (49[

!

However, it is simpler to use Fe?t/Fe* couple in the region before the equivalence
point and MnO7/Mn?* couple after it. This is because it is easier to ¢alculate the :
amnounts of the corresponding ions under such conditions, ‘ :

.Befors we start the titration we have only ferrous ions in solution. When we add :
KMnO,, MnOy ions oxidise some of the ferrous ions to ferric ions and a potential is
developed, point A in Fig. 4.1, between Fe?* and Fe®* ions. As we goonadding |
more and more of permanganate, the amount of F&** ions goes on increasing and I
that of Fe?* goes on decreasing whereby the potential (cf. Eq. 4.8) also goes on i
increasing gradually. At a stage just before the equivalence point, say about 0.1 cm® i
less than that required for the end point, almost all the ferrous ions are oxidised and i

given conditions, roint B in Fig, 4.1.

At equivalepce - i~t, point C in Fig, 4.1, the potential is given by the following

E

_ bES + 4E - S 'Y 10)"152E
atbh
vhere B° and £® are the standard potentials of the oxidising and the reducing

dgent, roapectively and 4 and b are the corresponding stoichiometric coefficients. In
'.hg present case E°=0.77, £% =151, p= l,a=5and E=1.387 V.

. Inumediately after the equivalenc¢ point the amount of Fe?* j¢ negligibly small and is
- difficult to calculate. The potential can be calculated by making use of MnO7/Mn2+
- couple as, at this stage it becomes easier to evaluate the amount of MnO3 and Mn2*

ions, The potential now corresponds to the minimum for the MnO73/Mn?* couple,
Amounts of MnQ7 and Mn?* and there is a gradual variation in the potential of the
solution. The calculated redox potential during the titration of 100 cm?® of FeSO,

solution at [H*] = 1M with permanganate solution of the same molarity is given in |

enormous effect upon the oxidation potential of the oxidising agent, MnOy7 in this

)
fact, ~.g., in the fractional oXidation of halides to the corresponding halogen. At-a pH E

of 5.or 6, iodicle is oxidised to I, by permanganate, whereas bromide and chloride are .

1
b

concentration.

M




/ 0.02M KMnO, solution at [H*] = 1M

able 4.1; Variations of the redox petential during titration of 100 cm® of 0.1M eS80, solution with -

MnO, Excess em’ [Fe™] (Ma0;) Calculation - Qxidation

Ided, em' FeSO,KMnO, [Fe**) {Mn** _ polential £V

50 50—  50:50=1 — . Em077+0.058log1 0970

n 9 - 91:910 - . E=0.77+0.059log 10 - 0.829

9 1 - 99:1%100 - E=0.77+0.059 log 100 - 0.888

19.9 01 - 99,9:0.1 - E=0.77+0.059 log 1,000 0.947
1,000

1] ) .

quiv. pt.)y — - — —_— = Ee= 0.774+5% 1,51 1.387%

_ _ _ SN

01 .. = 0.1 - 0,1:100-0.1015-1:5r=r-'0'-15359iogo.oox 1.475

1.0 - .0 - 1:100=0.01 5—1.51+9.-.5535_9|ogo.01 1.487

0.0 - 16 - 10:100=0.1 5-1.51+%53_-“2 log 0.1  1.498

0 - 50 - . 50:100=0.5 E—1.51+0_-%Elogo.s 1507 .

hese figures show that the equivalence puint is not in the middle of the break, as was the case in
tration curves by the neutralisation method. :

dox potential of a redox systera remains unaffected by dilution, this is because
ution affects both the oxidised and the reduced species equally. This is justified
sause in the Nernst equation also, the relative concentrations and not the absolute
1centrations of the two forms are required. On the other hand, in the region

rond the equivalence point, the actual potential would be slightly different from
- calculated one, since [H*] ions are involved in the calculations and their
1centration does depend upon dilution. This error, however, does not affect the
1eral conclusions and can, therefore, be neglected. -
e above description of redox titration curves is given to make you aware of the
inges in potential taking place during the reaction. Since you are going to use only
indicator method to detect the end point, you would not be required to draw - -
h curves. However, these titrations can also be followed by actually measuring the

ential of the solution with the help of a potentiometer (pH meter). In such cases, .
 has to plot these curves and determine the equivalence point by using derivative -

ves as was done in case of acid-base titrations.

.2 Redox Indicators ' '

1 have seen how the potential varies during the titration and also that: at the
ivalence point there is a sharp change in the potential. As said before, this change
milar to the sharp change observed in the pH during acid-base titrations. As you
1 an acid-base indicator. which changes colour in the pH range corresponding to
shiarp change in pH at the end point, here we need a ch=mical species which can
1ge colour in the potential range corresponding to the sharp change.at the end

t. A chemical substance which changes colour when the potential of the solution
‘hes'a-definite value is termed an oxidation-reduction or redox indicator.

edox titrations, indicators are used in three different ways. These have already

1 discussed briefly’in Unit 1. Let us recall it here. In certain titrations, e.g., those
Iving KMnOy,, one of the reacting species itself changes colour at the equivalence
it and is called a self indicator. In some cases the indicator needs to be added to.
solution, as phenolphthalein or m.etyl orange in the case of acid-base titrations,
liphen:/lamine in case of chromator- :try. Szzh indicators are called internal '
cators. In vet some other cases, redox indicator may be replaced by a reagent

:h is used as a spot test reag :at for the ior. “2ing determined. Such indicators ars

added int2 the solution but are used externaily. At various stages of the titratign,
op of the reaction mixture is taken out and tested for the ion by mixing with ihc
talor on a porce’ain plate. Potassium ferrieyanide, K;[Fe(CN)], s an examgle of

. Estimation of Iron

" Redox indicators are substances

which can be reversibly' oxidised,
orreduced and have different
colours in oxidiscd and reduced -
forms. | -
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Duasiitative Acalysis-1

The oxidising powemf N

pemnngmnte ion is mediem .

i; it is related to the -
chnnccin!hcoﬁdlﬁonm'cpf

manganese in a particular

an external indicator which is used in the titraticr of Fe?* ions with dichromate. _
Having learnt about oxidation/reduction reactions, redox potential and redox
mchcgtors, let us now actually do a redox titration.

'

4.4 EXPERIMENT 5: DETERMINATION OF

PERCENTAGE OF IRON IN THE GIVEN IRON
FILINGS SOLUTION BY
PERMANGANATOMETRY

g M veaar

As said before, potassium permanbanate is a §ood oxldlsmg agent. It is used ina
number of titrimetric determinations where the method is known as .
permanganatometry. One of the most important determinations by this method is

" titrimetric determination of ferrous iron. A ferrous salt when titrvted with KMnO, is

‘exidised to a férric salt. The amount of iron in the unknown solutic.: is easily

- calculated from the volume of the KMnO, solution needed for the tit:: “on and its
_ molarity. In the next expenment you will use KZCr207 for the same purpose.

4.4.1 Pril_lc_iple

- Petzssinm pcrmangahate is an oxidising agent and gets reduced in the presence of a

suitable reducing agent as, for example, Fe*™ in'the present case. Its reduction can be
brought about in acidic, neutral or alkaline medium. The permanganate ion, Mn04,
gets reduced to Mn?* ion in acidic medjum as shown in Eq. 4.6, and to MnO, in
neutral and alkaline media, as shown in Eq. 4.11,

MnQj + 8H* + Se—— Mn?" + 4H,0,E° = 1.51 V o (46)

+7 state . +2 state
7 MnO'+2H20+3e-—-—MnO,,+4OH E* =057V .. (4.11)
+7 state . _+4 state

TJsua.lly titrations involving potassium permanganate are carrled out in aqdlc
edivn. This is due to the higher oxidising power of permanganate ion in acidic
ynedium than in peutral 61 alkaline medium; secondly, the formation of brown
¢oloured MnQ, in alkaline medium interferes with the detection of the eﬁd point.

While permanganate ion gcts reduced, ferrous ion, Fe?* gets- ond:sed to the ferric
in, Feit .

Pt ——=Fe*+e - - (45)

'T'1-:r overall ionic equation for the titration in acidic medium can be obtmned by. ‘
“adding Eq. 4 5 and Eq 4.6 after balancing the number of electrons between them as

follows:
[Fe* =—=Fe**+ ¢ X5 - : ... (4.5)
MnOj7 + 8H* + Se=~—=Mn® + 4H,0 - . (4.6)
MO + 5Fe?* SH — SFe™ + Mn™ + 4H,0- w(87)

We se¢ from Eq. 4.7, that one mole of potassium permanganate reacts with 5 moles

,of ferrous ions. Therefore, substituting the values of p and gin Eq 1.8, the molnnus
are related as per the following equation: '

'ﬂmp.t Vm04 1..

-—— ,ie, 5 ‘Mxmof VKMnO-i = Veesos Mresos .. (4.12)

Meesos Veesos 5.

-4 slight excess of KMn0, at the end pe,mt imparts a distinct pl"r.{ »lewr to the

wi-atign ~ad, ﬂ"ﬁ" ore. acts as a self i in-fic-tof. ‘The soluticn of K. 4:.!.1, is not'stable
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standard ferrous ammonium sulptate solutnn.

- its stehgth changes on storage. It is, therefore, a secondary standard. You have to Estinatica of lron _
standardise it by titrating against a suitable primary standard. A number of primary
standards can be used for this purpose. F e yoi would be using a standard solution
of ferrous ammonium sulphate, FeSO4(NH,),S0,.6H,0 or Mohr’s salt, Mohr's salt is
preferred to ferrous sulphate because it has better shelf-life. However, the ionic’

. equations are the same as given for ferrous iron solution, viz,, Eq. 4.7. You can use
£q, 4.12 as the molarity equation to find out the molarity of the given KMnO,
solution. _

Permanganatometry finds its use also in the estimation of hydrogen perdxidé, nitrites
and persulphates, ete, . o . '
SAQ 2 - - - ,
Write the chemical reaction involving a titration of KMnO, and FeSO, solution in’
- presence of dilute H,SO,. ' ' :
[Hint: Two.steps are involved in the reaction]
SAQ3 | -
- Why KMnOQ, cannot be taken as a primary standard?
-ll'.'II..II.IIII-IIII.IIIIIlllllllllll: lllllllll ’ lllllllllllllllll R T P e,
P b L b s e e e s s b b ba b e et seses e Rstnmatesn e e e sesen sa b

- 4.4.2 Requirements
Apparatos : | Chemicals - ,
Burette (50 cm?) -1 ' Ferrous ammonium sulphate
Pipette (20 cm) -1 Fe50, (NH,); SO,.6H,0, FAS
Conical flasks (250 cm' - -2 also known as Mohr’s salt. :
Test tube ' -1 Sulphuric acid (1 M).

Volumretric flask (250 em?) -1 _ . :
Beaker {250 cm®) -1 '
Weighing bottle ‘ -1
Funnel (small) . : -1
Wash bottle for distilled water -1 -
Burette stand . -1
Solations Provided ' . _ ‘ ‘
Iron Flings sobution: It is prepared by dissolving 1.2 g of iron filings in about 20 cm’
of dilut= sulphuric acid. A piece of zinc is added to this solution to prevent aerial
oxidation of Fe** to Fe**, The solution is then transferred to a 1000'cm? volumetric.
flask and made up to the mark by -adding distilled water carefully. . :
"Approxiveately M/250 solution of potassium permanganate, prepared by dissolving
0.79 g of pu*essium permanganate in distilled water and making up the solution to
250 cm’. It is then stored in a dark-place preferably in an amber coloured bottie for-a
few days. Fotassium permangasate solution is stored in dark because light accelerates
decomposition of KMnQ, by the reaction given below: ' ‘
- 4EMnO, + 2H,0'____, 4MnO,|+ 4KOH + 30,1
Indicator . - o ,
KMnO, acis as a self indicator, so ng other ind:cator is required.
4.4.3 Procedure .
As indicated above, you are provided with approximiately M/250 potassium
permanganate solution and a solution of ferrous sulphate (prepared fram iron filings)
which isto be estimated. ' : ST
You can start your experiment with the standardisation of KMnO, solution with
11
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Quantitative Andlysis-1l

In casc of potassium
permanganate it is convenient to
use the upper meniscus,

-_'.'l

~

Preparation of étanda_rd ferrous ammonium sulphate soluﬁon* -
{concentreticn = M/50). - :

" Take approﬁmaté mass of a glass weighing bottle, Then weigh it accurately with

about 1.956 g of Mohrs salt. Transfer the salt to a clean and dry volumetric flask of
. 250 e’ capacity through » glass funnel. Find out the accurate mass of the botile
* after transferring Mohr’s seli. The difference between the two masses gives the actual
amount. of Mohr's salt transferred, Record these values in your observation note
.book. To the contents of the volursetric flsk add about 10 cm® of dilute H,80,’
- .(1M) and about 50 cm® of distilled water,.dissolve the salt completely; add more
water, if necessary. Finally, make the volume upto the mar': by adding distilled water

carefully, . o : .
Caution? If the sointion turns brownish, then the amount of acid added is not

., ,sufficient, Dicrard this solution. Do fhe whole exercise agein vsing more H,S0,.

Titrations S _ : . _
Standardisetion of potassium permanganate sofution: Fill up the burette. with the

given KMnO, solution and mount the burette on a stand; also insert a parallex card,
Note. the reading in the burette and record it in the observation Table 1. Pipette out

20 cm? of staridard ferrous ammonium sulphate solution into a 250 cm? conical flask.

. Add approximately 10-15 cm? of 'dﬂute'H2$O4(1-1\4) to the solution. For this
- purpose take a test tube and fill it a little more than half witi, H,SO, snd mark its

~ . level s0 that you add the same amount of H,50, in every titration.

Titrate ferrous ammorium sulphate solution by slowly adding small amounts of _

potassium pérmanganate solution and continuously shaking the conial flask. The pink
colur, cbtaned on addition of KMnO, solution, disappears on shaking, Continue

' the titration until a permanent pale pink colour appears, This indicates the end point *

of the titration. Note the burette reading and record it in observation Table I. The
. difference of two readings gives a rough estimate of the volume of KMnO; required.

Repeat the titration to get at least two concordant readings to ensure a coirect and
2Xact measurement. ' :
* Do not.throw the FAS solution left. You will use this for Experiment 6;

"'I'itr,ation of giv;en iron filing's solution against standardised KMnO, solution:
Pe.form this ti‘ration in exactly the same manner as given above by taking the
. solutior_l prepared from iron filings in place of Molr's salt solution. Record the

~ ,.&adings in obse—:=tion Table II. . s

SAQia .
Cen HCI or HNO, be used in place of H,S0, for making the medium acidic in a
redex titration whare KMnO, is used as an oxidant? Justify your answer, o

. .....................-..............,....-..........-.........-............................................-...m..............' .....................
....................................................................................................................................................
....................................................................................................................................................

s sttt st esesansssboesenssens

................................................

444 Obsel_'vatibli_s |

A pproximate mass of the weighing bottle =D = e g
Mass of bottle + ferrous ammonium sulphate =my =, g

~ (before transferring.the salty .
Mass of bttle (after transferring the salt) == ... g
Mass of ferrous ammonium sulphate transferred = m-m=m=
. . i C eereaee E Tt
Moslar mass of ferrous ammonium sulphate- = 392.15 g mol~

Valuroe of dérrotis ammonium sulphaia-solution prepared (%3 = 250 co®:

Mclarizy 5‘ ferrous ammonium sulphate solution (M)

| #4 - FECHTINCIPRINFLY SR S R i
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mX1000  mol dem=?

™ "Molar mass X 250

WX4 mol dm?
392.15°

Ferrous ammonijum _ﬂphai

Obseyvation Table I

e solution ve, potassiom permanganate salation

' Eatimation of log'

S : Volume of FAS Burette reading Volume of KMnO | in
No. solution in . : o’ .
o cm’ _Initial_ Final (Final — Initlal)
1 ' 20 - o
2 . 20
3 20
Observation Table If .
Ferrous iron lﬂlllﬂﬂ!l prepared from iron filings vs, potassinm permanganate solotion
S - Volume of Ferrous iron Borette reading Yolume of KMnO.- in
Na. solation in - ) om?
om’ . Initial Final (Final = Iniudsl)
1 ’ 20 '
2 20 ) ’
3 S 20 ) o
‘ . - !
'4.4.5 Calculations .
Estimation of the strength of potassium permainganate 4
Molarity of FAS soluti~n - =M, =....mol dm-3
Vol. of FAS solution used - = V,=20cnf
Vol. of KMnO, solution used (rom TableI) = V,w=, ... cm?
Molarity of KMnO, solution _ = M, =17
Using the molarity equation (Eq. 4.12), '
M Vi<sMy,
Molarity of KMnO, solution ( M,)
=MV,
. 37 )
L SO mol dg -3 .

Estimation of strength of ferrous iron. solution prepared from iron fili
Molarity of KMnO, ) =M =M. mol dm™
Vol. of KMnO, solution used T e Vymeoom?

Vol. of Fe* solution taken, - = V,™=20cm®

Molarity of ferr us iror solution -M,=7

Using the mola. 'ty equation, .
M, V,=5M,V,

Molarity of ferrous iron solution .

Determination of percentage of iron in iron filings ’
Mass of iron in 1000 em?® -+ Molarity of the solution X Molar-mass of iron
of the sclution prepared : ' e
from the iron filings -
: S . " MyX5585¢

13
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Quantitative Analysis-l

14

-

Percenitage of = Estimated mass of iron in iron filings x 100
Fein “Mass of iron filings o
iron filings ’ _ o b

4.4, 6 Result -

The percentage of iron in the sample of iron ﬁlmgs used for preparing the
solution = ........... %. : : .

The above value can be compared with the actual one whtch you can get from your
counsellor, - .

4
S

4.5 EXPERIMENT 6: DETERMINATION OF THE

PERCENTAGE OF IRON IN THE GIVEN IRON
FILINGS soLUTtON BY CHROMATOMETRY

In perma::"anatometry you used potassium permanganate as the oxidising agent to

“estimate Fe?* jons in the given solution. In chromatometry, potassium dichromate is-

used for the same purpose. Dichromate act; as an oxidising agent only in the acidic

- medium. The general theory behind. chromatometry is the same as for-

permanganatometry. The only differénce being that while KMnO, acts as a self

indicator, an indicator has to be used in chromatometry. The relevant equations
along with the potentials are given below as well as the chemrstry involved in the
colour cha.nges that the mdtcator undergoes.

4.5.1 Principle

Potassium dichromate is an oxidrsmg agent and in acidic medium reacts according to .
t.he follovnng half reaction. to gtve chromium (III) as the reduction product

— Cr202“+ 14H* + 66“—‘ 2Ce* + TH,O (E°=1.33 V) . o (4.13)
. (Crint6state) =~ (Crin+43 state) _ '

Ye2* when titrated with drch:omate gets OXId.lSEd to Fe3+ as per the following
equaticn: . .

Fe?*——=Fe’ + ¢ (E° = 0.77 Vj 3 : o (4:5)

" “The overall ioic equation of the titration can be obtained by addmg Eq. 4.12 and
~ Eq. 4.5 after balancmg the number of electrons between them as follows:

[Fe**—=Fe* +¢] X6 : - (4:5)
Cr,0%+ 14H* + 6e 2Cr** + 7H,0 : C L (413)

Cr,0%+ 6Fe?* + 14H — 6Fe** 2Cr™ + 7H,0.

.. (4.14)

We see from Ect 4.14, that one mole of potassium dichromate reacts with 6 moles of
iron (II) in solution. Therefore substituting the values of p and gin Eq. 1.8, the
molarities are related by the following equation:

MV, 1 _ :
S or M, V,=6M,V, o _ _ (4.15)

Where M, and M, represent the molatities of iron (1) and potassium dichromate
solutions, then V, and V, represe. v their, volumes, respectively.’ '
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As you know, the factor 6 s:gmﬁes that each mole of potassmm d.lchromate reacts
quantitatively with 6 moles of iron, (II) :

- 1mole K;Cr,0; = 6 moles Fe(Il) .

Potassium dichromate does not oxidise HCl, whereas KMnO.. oxidises it to Clz
Hence, KMnO, cannot be used as an oxidising agent in estimating metal ions where
the solution is made using HCI, whereas K,Cr,0, can be used in such cases too.
Since metals are leached out from their minerals with HCl in many cases,
chromatometry is the preferred technique of estunanon in such cases.

lldimlor

A dilute-solution of K2Cr20-, h.as a faint orange colour and chromium (11I) obtamed
astheredueﬂonproductlsgeenmeolour So, adropofKZCrzO-,mexeeualtbe
end point, unlike KMnO,, is not sufficient to give a distinct colour to the solution.

Further, the green colour of chromium () ions p.nduced also mterferes, therefore,

KZCrzO-, cannot be used as a self indicator.

A redox indicator must; therefore, be used. Diphenylamirs was one of the first

internal redox-indicators used in this titration. However, as it is sparingly soluble in
water, sodium salt of diphenylamine sulphomc acid can be used instead, as it is water
soluble. These indicators are colourless in the reduced form and become intensely
coloured on oxidation (deep blue-violet with d:phenylamme, red-violet with sodium

diphenylamine 4u1phonnte)

(At potentials lower than 0.73 V, iron is in +2 state and the indicator is present in

form I which is.colourless. In the course of the titration, when Fe?* gets converted to
Fe'*, the potential increases gradually (cf. Eq. 4.8). At equivalence pointail the
ferrous:onsareondmedanda.sdmmssedearher, atth:&stagetherelsajumpmthe :
potentml This increase in the redox potential of the solution is sufficient to cause the
oxidation of the indicator to form I. Form II gets readily converted into form I,
which has a'distinct colour and marks the end point. The above descnptlon about the
indicator can be represented as shown below:

D) 222 Oy OO D e

Diph lamm 1 . Diphenyl benzidine (T) 1
| (eolouries) 0 * (colourin
OO0+
Diphenyl benzidine (I]])
(vioket) - |
'SAQS -

a) Write the chemical reaction mvolvmg a titration of K{‘rZO-, and Fe.SO4 solunon
in presence of dilute H,SO,.
[Hint: The reaction involves two steps]

--------------------------------------------------------------------------------------------------------------------------------------------

SAQ6 T o

- Inthe fouomng tick ¥ on the rrect and X on the wrong statements

K,Cr0; is s2perior to KMnO, be. ause: ' .
K. .’2:_3(3. is mote ~zhle than KMRrO. _“*jt?:_ru the dry state as well as in solution. .

15




uuantitative Analysise® - ) A solution of K,Cr,0, is not intensely coloured,
iif) K,Cr,0, is not reduced by cold HC! if acid concentration does not exceed

lor2 M .

: iv) K,Cr,0, can be casily weighed,
4.5.2 Requirements . _
Apparatus o ' ~ Chemicals :
Burette (S0 cm®) —1 .. . . Ferrous ammonium sulphate, -
Pipette {20 cm®) - 1 o FAS (Mohr's salt) T
Conical flask (250 cm®) -1 . “Sulphuric acid, dilute (1M)
Beaker (250 cm®) — 1 L ) : Phosphoric acid (85%)
Weighing bottle — 1' ' L :

Funpel (strall) ~ 1
. Volumetsic flask 7250 em?®) ~ 1
Wash battle for distilled — 1

water T
. Purette stand — 1’ ' s
Solutions Prﬁvided

Iron filings solution: As fblj the previous experiment, it is prepared by dissolving

1.2 g of iron filings in about 20 cm? of dilute H,SO,. A piece of zinc is added to this

solution to prevent aerial oxidation of Fe** to Fe®*, The solution is then transferred -
* to a 1000 cm® volumetric flask and made up to the mark by adding distilled water °

Approximately M/300 solution of potassium dichromate, prépired by dissolving

0.245 g of potassium dichromate in distilled water and making up the volume to

250 cm?. - ' ‘ ] : . .

Diphgnquminé (1%} solution in concentrated sulphuric acid or sodium_

diphenylamine sulphonate (0.2% aqueous solution).

.4.5.3 Procedure )
Potassium dichromate, as mentioned earlier, can be used as a primary standard
which means that a standard solution of dichromate can be made by weighing an
~xact amount of the substance, dissolving it in water and making up to the known
volume with distillec water. However, in this particular experiment, we are provided
. with solution of K,Cr;0,, the molarity of which has to be found by titrating with a
standard ferous ammonium sulphate salt solution. - ‘ - :

<*mdard ferrous ammgnium suiphate solution (coricentration = M/ 50) prepared in
the previous experiment c¢an be-used here. - o -

‘Titrations - _ : ‘ -
_ - Standardisation of potassium dichromate solution: Pipette out 20 cm® aliquot of
Phosphoric aeli sembiaes vith . - standard ferrous ammonium sulphate solution into a 250 cm® conical flask. Add
yellow Fe>* lons to forn’ approximately 20 cm® of dilute sulphuric acid (1M), 5 cm® of phosphoric acid and §
imw e -snd- to 10 drops of the indicator sofution. Titrate this with the dichromate soluticn. As the .

titration proceeds, the colour changes to a pale green, then to a greyish blue-green
and with one drop to a persistent deep blue-violet colour of the indicator in the

oxidised form. Record the volume of the titrant accurately.

. Repeat the ﬁtratid:l_ to get at least two concordant readings to ensure a correct and
exact measurement. Record the observations in observation Tabie .,

. Titratior of the given iron (II) solution against standardised K,Cr,0; solution:
Perform this titration exactly in the same manner as in the above experiment by
taking the given iron (II) solution instead of ferrous ammonium sulphate solution,
Record ti:e observations in observation Table I1.

4.5.4 Ob_senatioz'ls

L . - Molarity of ferrous ammonium sulphat solutic. (M,) as = mol dm™>
16 _ " calculated in Exp. § . o

aTate: v

€
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Observation Table | . o . Estimation of Iro :I

Ferrous ammonium suiphate solution v potassium dichromate solution

Sl. Volume of FAS .Burette reading Volume of K;Cr,Cr,0, in
No. in ¢em? - . ) om?
' ~ nitlal_ Fipai (Finul = iitlal)
1 ) i 20 '
2 . 0
3 © 20

. Observation Table II : o
Glven Ivon (II) solution prepared from iron filings vs potassium dichromate solution

r Burette reading " Votume of K‘,Cr,'p, in’ ‘ : ’
! . . T om : .

SL " Yolume of Forrous
No. Iroz solution in ew?

Faltial Final ' (Final = lultial
2 20
3 20

. 4.5.5 Calculations _
- Estimation of slrengtli of K,Cr,0, :
Molarity of FAS soltion =M ~..... mol dm™ .
- Volume of FAS soltion used = V=20 cm® . S
" Volume of K,Cr,0, solution used (from Table D = V= cm?
Molarity of K,Cr,0, solutidn L = M,=?
Using the molarity equation,
M, V,=6M,Y,

Motarity of K,Cr,0, . - ' -

Estimation of strength of Iron (II) solution prepared from iron filings

Molarity of K,Cr,O, solution =M =M~ mol dm™?
Volume of K,Cr,0, solution used =V cm’

~ Volume of iron (II) solution taken = V, =20 cm®
' . Molarity of iron (II) solution -M =7

Using the molarity equation
M, = 6M; V;
Vv,

Molarity of Fe(II)

Detervjljnaiion of percentage of 4ron in iren filings - - ) .
Mass of i=on in 1000 em? (1 dm®: = M larity of the solution X Molar mass of iron
of the soluticn preparer from iron

Fli_jgs .
= M, X 5585 =m,
: B eicssrene g
Percentage of ' . Estimated mass of iron filings % 100
ironin - - Mass of iron filings
iron filings '
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4.5.6 Result f

The percentage of ‘ron in the sample of iron filings used for preparing the
solution = ........... Y. _

The above value can be compared with the actual dne which you can get from your
copnsellor. Since in both permanganatometry and chromatometry experiments, you
havé used the same iron solytion, compare the difference im two resuits obtained. The
two results should be almost the same if the weighing is accurate and the titration
error is not much. If the difference is more, then discuss the reasons for the '
difference with your counsellor.

1)i) H,—— 2H* + 2¢
iy 8 ———8+2e
iii) Cl, +2e —— 2CI-
iv) Cut —— Cu¥ + ¢
V) O+ 2e—— 20"

2) 2KMnO,+3H,50, K,;86,+2MaSO,+3H,0+5{0)
[2FeS0,+H,80,4 (Q) ~—— Fe,(SO,),+H,0] X 5 .
2KMnO,+ 10FeSO,+8H,80, —— K,50,42MnSO,+5Fe,(SO,),+8H,0

3) KMnQ, is not pﬁre ‘and always contains some of its reduction products such as
MnQ,; also it is easily decomposed by reducing agents present in H,O. :

4) HCl acts as a reducing agent, itself getting oxidised to Cly; and HNO, acts as an . '
- . oxidising agent again competing with the action of KMnQ,. Therefore, neither of

these can replace H,50,. '
5) 8) K,Cry0,-+4H,80, - K,80,+Cri{SO,),+4H,04-3[0]
[2FeSO,+H;80,+(0) ——— Fey(S0,);+H,0] X 3
KszzO1+6FéSO4+TH230‘ e} BFﬁz(Sod)-;+Crz(S‘O4)3+K2804+7H20

b) In presence of an alkali, potassium dichromate reacts to give chromate salt
and cannot act as an oxidising agent. -

V.
iy X .

Vi

X

iv)
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‘UNIT S ES'I']]VIATION OF COPPER
Structure

5.1 Introduction
Objectives
5.2  lodimetry and lodometry
- Indicator

Standardisation of Sodium Thiosulphate :
5.3  Experiment 7: Determination of the Pcrcentage of Copper in the Given
Solution by Iodometric Method

Principle
Requirements
Procedure
Observations
Calculations
Result

54  Colonmetry

Beer-Lamben Law
- Principle of Colorimeter ‘
5.5  Experiment 8; Determination of the Percentage of Copper in the Given
' Solution by Colorimetric Method
" Principle
Colorimeter
Calibration of Colcyrimeter for Colorimetric Measurement
Requirements -
Procedure
Obsecrvations
Calibration Cusrve
Calculations
Result

5.6 ' Answersto SAQs.

5.1 INTRODUCTION

In the previous uni’, ya have estimated the amount of ferrous iron, Fe**, in a
sample of iron filings "y using two redox titrations, namely, permanganatometry and
chromatome-ry. In this vnit, we would estimate the amount of copper in a given
sample. Here too, you would perform two experiments, one of which is based on a
redox reaction, iodometry, while the other is based on colorimetric determination.
lodometric titrations make use of I,/1” redox reaction and the end point is detected
by using starch as an indicator. Colorimetry, on the other hand, is 12 method of
analysis based on comparing the colour intensity of an unkhcw: wita that of a
standard solution, i.e., the solution of a definite known concentration. The theory
behind iodometric and colorimetric determination of cupric ions, Cu?” is given along
with the procedural details of the experiments.

Objectives
After studying this urit and: perfonmng the experiments, you will be able to:
e define and differentiate hetween iodometry and iodimetry, :
@ explain the redox react‘cns involved in 10d0metry, :
e explain the use of indicator in fodometry and standardise the given sodium
thiosulphate solution,
e use the icometric method in estimating Cu?* ions,
o state Beér-Lambert law,
e explain the prin-ipie of colorimetry,
. @ describe the colorimeter end its calibration, and
e use the colorimetric method in estimating Cu** ions.

5.2 IODIMETRY AND IODOMETRY

‘Jodine is a mild oxidising'agent and in *he presence of a suitable reducing agent: gets
. veduced to iodide ions, I, according to the following.equation:
Tyt 2ee=—=21", E"=0.54V ‘ 5

 VTTEppO
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Iodimetric titrations are used for
estimating reducing agents while

iodometric titrations are uded for

okidising agents. '

iudimietzy: Tireation with iodine
todurietey: Tittation of lodine
produ-2d by a
. ¢hemlcal toastion

The use of starch enhances the
sensitivity of the determination of
the end pdint, -

20

On the other hand, a variety of oidising agents can oxidise’i- ions into 1. In fact,
both these reactions are made use of in analytical chemistry, Titrations involving the
use of I, as a titrant to estimate the reducing ageats are termed as iodimselric

, titratios. lodine, being a much weaker oxidising agent than potassium pﬂrmangana—te

and potassium dichromate, has limited applicability. Moreover, it is very volatile i
nature and aiso has poor solubility, - ' :

In certain caises, the oxidising agent to be determined is mixed with an excess of

* . potassium iodide, K, and kept for some time. The iodine, liberated during the -

reaction, is titrated against a standard solution-of a reducing agent, ¢.g., sodivm
thiosulphate, Na,S,0,, These titrations are referred to as iodometric ttvatioms. Since
Cu?* ions, can behave as dn oxidising agent by getting reduced to Cu* ions, we can

use iodometric method for theg determination.

Ideally an jodometric titration should be a titration using KI as a titrant to titrate the
oxidising agent. In such a reaction, more and more of iodirie is iiberated from iodide -

- lons as the titration proceeds. The end point of such a titration would be a stage

whiere the liberation of icdine ceases, It is impossible to detect this end point with the.
help of an indicator. Starch can be used to detect the ‘just appearance’ or the ‘just
disappearance’ of iodine but not the gessation of I, formation,

An indirect method of end point determination becomes essential in such cases, A
known amount of the solution of the oxidising agent (to be determined) is measured
and mixed with an excess of a solution of KI and acid. The solution is then teft for
about five minutes in the dark for the reaction to complete and the liberated iodine is
titrated with a standardised solution of sodium thiosulphate using starch as the _
indicator. The followirig reaction takes place: S

I, + 2Ne;$,0; <—= 2Nal + Na,5,0, o Cn(5.2)

An excess of KI is used because idine has got.very poor solubiiity in water. Iodine

* formg an unstable complex, K1, with KI which is readily soluble in H,O.

KI + I === K([L,]

In fuct; iodine in an aqueous solution containing ¥1 exists tainly as the triiodide'ion,
I5 and there is an equilibrium between I ion and 1;. I the course of the titration, as
I, is consumed, more and more of I3 ions dissociaté to give 1, which reacts with

" thiosulphate, Further, such a titratior should be carried out in cold, as I, is volatile
and also the indicator, starch, los<s its sensitivity at high temperatures. '

SAQ 1 S

Give two limitations of 1, as a titrant

...............................................................................................

5.2.1 Indicator S

In principle, iodine-can be used as a self indicator like KMnQ,, as a drop of iodine.
can impart a pale yellow colour to a solution. Since the colour imparted by icdine is
quite faint, in practice, it becomes difficult to use this 25 4 indication of the end .
point. Jodine is known to form a biue coloured adsorption complex with starch, This
property of starch is exploited in using it as an indicator for titrations involving

iodine. ' ' :

In an iodometric determinatjon, we titrate I, with $,0; 'ions and at the end point,
addition of one drop of $,0; ions should just decolourise the blue colour of |
starch-iodine complex, 1a such titrations, starch should be-added just before the end
point, when a very little amount of I, remains and the solution being titrated has a -
faint straw yellow colour. If starch is added earlier, i.c., when a large amount of
iodine is present, a large amourt cf starch-iodine complex is form&d. This complex
reacts quite slowly with 5,0, and it * likely that the solution is over titrated.

P P o B
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5.2.2 Standardisation of Thiosuiphate

. Assaid zhove, in iodomatry we titr te the liberated iodine with a standardised
solution of sodium thiosulphate. Though sodium thiosulphate, Na,§,0,.5H,0, can be
obtained chemically pure, a st>ndard solution of thiosulphate cannot be made by
exact weighing. This is because thiosulphate reacts with atmospheric O, and also the
CO, dissolved in water. More so, even some microorganisms decompose
thiosulphate.

A wumber of oxidising agents are available for the standardisation of Na,S$,0,.
Potassium dichromate is normally used for the purpose.

In acidic medium Cr,0’ ion gets reduced to Cr (III) as shown in the following
equation : : : . .

Cr,0; + 14H* + ¢ cmss 208 + 7TH,0 (5.3)
and iodide ions from KI get oxidised to I, Lo

217 wmma |, 4+ 20
To maintain electron balance, multiplying the above equation by 3, we gat,

61" w==== 3], + e : - (5.4)

The overall ionic eciualirgn for the titration can be obtained by adding Eq.5.3 and
Eq. 5.4, | ' '

Cr0; + 14H* + 61" —> 2¢r™ + 31, + 7H,0 .(5.5)

We see from Eq. 5.5 that onc méle of potassium dichromate reacts with 6 moles cf
potassium iodide liberating 3 moles of iodine.

The liberatec iodiqg, in turn, reacts with sodium thiosulphate solutioln as, )
’ 25,05 ~ s 8,0 + 2e 7 -{5.6)
I.+ 20 =20 +(3.1)

Saice three moles nf >are Iiberatéd by CrEO?,
31, + 6e e 6J" ' ~(5.7)

‘The overall ionic equatisn for the titeztion of liberated I, with sedium thiorulphate
can be obtained by ar*dirg Eq. 5.6 and Eq. 5.7,

[28,0] «====85,0 + 2¢|'X 3 (5.6)
3L, + 66w 61 o (5.7)
31, +65,0; —_ 6" +35,00 . . (5.8)

The net chemical reaction involving a titration of potassiu a dichromate and sodijum
thicsulphat= in “he presence of excess potassium iodide can be written by combining -

Eq. 5.5 an¢ Eq. 5.8, _ _
Cr,0; + 14B* +61° = 2Cr* + 31, + TH,0 (5.5)

3L, +58,0; " —_ 61" +35,0; , (5.8)
CrO;™ + 14H* + 68,0, ——> 200 + 38,07 + 7H,0 ~(5.9)

We see from Eq. 5.9 tFat or.e mole of potassiﬁm dichromate is equivalent to 6 moies
of sodium thiosulphate. Therefare, substituting the values of p and g in Eq.1.8, the
molarities ar~. related by the 12 lowing relationship.

M, Vv 6

My Ve T

or M, V, = 6M,V,
where M, and. A4, represent the molarities of sodium thiosulphate and potassium
dichromate solutions and V, and V, represent the volumes of sodium thiosulphate -
1ad potassium dichromate soliiiosis, respectively.
UGCHE-L 6(6A)

Estimation f Monper
DI

-

Factor '6" here significs that one
mole of K,Cr,0, liberates 3
moles of I, which is equivalent to
6 moles of sodium thiosulphate. |

21
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UGCHE-L 6(6B)

5.3 EXPERIMENT 7 ;: DETERMINATION OF

PERCENTAGE OF COPPER IN THE GIVEN
SOLUTION BY IODOMETRIC METHOD -

Many a time, an analytical chemist-is confronted with the problem of finding out the
amounts of some metals, e.g., Fe, Cu, etc. in a given sample. The sample may be of

-an ore or an alloy. Let us see how we carry out such an estimation for Cuin a given

sample, We can do this by iodometric titrations. As said before, like
permanganatometry and chromatometry, this titration is also based on a redox
reaeuon

To deter:nme the amount of Cu in a given sample, a known mass of it is dissolved by
suitable chemical treatment giving a solution of Cu®* ions. This solution is titrated
against a standard solution of sodium thiosulphate in the presence of an excess of

KI. The Cu?* ions on reacting with KI get reduced to Cu* ions and liberate an
egquivalent amount of I, by ondlsmg I” ions. This liberated iodine then reacts
quahtitatively with S,0% ions, and in turn, gets reduced to I~ ions. The principle and
the equatlons involved are given in the next sub-section.

5.3.1 Principle

The reaction between Cu?* and Na,$,0, in acidic medlum, in the presence of excess
of K, involves oxidation of $,03" to S,0f, tetrathionate ion, and reduction of Cu?*

' to Cu*. The reaction between Cu?* and K1 is given as,

2l =——n
Cu?* + e ===

I+ 2e | L .(5.10)
+ . i
Cu (5.11)

Balancing the reaction between Cu?* and potassitim iodide by eembining Eq. 5.10
and Eg. 5.11, we get,

A==, + 2¢ L L(5.10)

[Cu?* + ¢ === Cu*] X 2 (5.11)

200 + 21— 200t + 1, (5.12)
Ay .

. We see that two moles of Cu?* react with two moles of potassium iodide and the

liberated iodine reacts with sodium tmosulphate shown earlier also, in the following
manner:

25,08 —=85,0  +2 ' .(5.6)
L+ 2e=—=20"" LT
I+ 25,08 —~ 21" +5,0% (5.8)

The net chemical reaction involving a titration of copper (II) and sodiur thiosulphate
in the presence of excess potassium iodide can be written by combining tq. 5.12 and

Eq. 5.8.

20U + 21— 200t +1, , (5.12)
I+ 25,01 — 21" +8,0% (5.8)
2Cu?* + 25,03 —= 2Cu* + §,0% ' (5.13)

We see from Eq. 5,13, that two moles of copper (II) are equivalent to two moles of
sodium thiosulphate. In otler words one mole of copper (I} is equwalent to one

- mole of sodium thiosulphate.

Therefore substltutmg the values of p and ¢ in Eq. 1.8, the molarities are related by
the following relationship :
MY 1

MV, —1

or M,V =14V, 7

where M3 and M, represent the molarit.es of sodium \‘.hlosulphate and co-ppet 1))
soiutions, and V; and V,, the volumes of “-odlum thmsulphate and copper (II) -

solutions, respectiveix. . ,




According to the above discussion, the iodometric determination of Cu?* jons is
based ‘on the following reaction : . . .

2Cu?* +KI'— 2Cul + 4K* +1, (5.14)

(excess) ' '

where cupric ions are reduced to cuprous ions and iodide ions are oxidised to iodine,
A look at the standard reduction potentials of Cu®*/Cu* and I,/1" couples :
. Qu't+es==Cu* FE'=m(17V S .{5.15)

L+ 2ee— 21 E'=054V . . w(5.1)
suggests that the reaction represented by Eq. 5.14 should proceed in the rev
ditection, i.e. iodine should oxidise Cu* to Cu?, but actually the reaction occurs as
given in Eq. 5.14, The Cul formed during the reaction has a very low solubility in
water, therefore, the concentration of the reduced form, Cu*, is greatly reduced and
the potential of Cu?*/Cu* couple becomes greater than that of I,/21-. This explains
the actual course of reaction. . : '

SAQ 2 S , o
Write the chemical equations involving a titration of copper (11) with thiosulphate in
presence of excess KI. - : - ‘
[Hint : It involves two steps]

5.3.2 Requirements

Apparatus o : Chemicals
Burette (50 cm?®) — 1 Potassium dichromate
- Pipette (20 cm®) — 1 Dilute sulphuric acid ,
 Corical flasks (250 cm?) ~ 1 - ' Potassium iodide v
. "Beaker (250 cm®) ~2 | Glacial acetic acid
- Funrel (small)~1 Potassium thiocyanate
Volumetric flask (250 cm?) — 1 Distilled water -
- Measuring cylinder (10 c;m®) — 1 .- : -
Test Tube — 1 '
Wash bottle for distilled water —
Weighing bottle — 1 '

Volumetric flask (1000 cm?) — 1
Burette stand — 1 -
Solutions Provided . . _ ' .

Procedures for the preparation of these solutions are given for the sake of
information. These solutions would be prepared for you by the counsellor.

Preparation of solution of Cu®* ions from Cu wire - Lo e

* dOme clean copper wire is taken, If tarnished, it is cleaned first with fine emery cloth,
‘o~ rinsed with dilute sulphuric acid, washed well with water, and dried before
weighing. An amount of 1.5 g'of the wire is weighed and plated in a 250 cm?® conical
flask. Then 5-10 cm® of 6 M nitric acid is added. If the reaction is slow to start, a few .
drops of concentrated nitric acid are added. If the reaction goes too fast, a small _
watch glass is put over the top of the flask to catch the spray. The copper wire is

dissolved by warming the solution on a water bath over a low flame, When all the

- copper has dissolved, the solution.is diluted with about 50 cm® water and boiled
gently for 10 minutes to réemove oxides of nitrogen. Then 1 g of urea is added-and
tk¢ solution briled for five minutes, The solution is cooled to room temperature and |
neytralised with 1:3 ammonia’ solution adding ammonia carefully, mixing well, until a
faint permanent light blue precipitate of Cu(OH), appears. In case the solution - -
becomes deep blue on addition of ammonia, the latter is boiled off, Then glacial

acetic acid is added a drop at a time, until the precipitate is.dissolved and the-solution '
is clear, The solution is transferred to a 1000 cm?® volumettic flask, made up tothe

- mark with distilled watez, and shaken well to get a homogeneous solutian,

 Sodium. thiosulphate solution_(approx. M/sp) T
AbO“t 58 of sodium thiosulphate r ystals are dilssqlved in ldm'-‘-pf vira_ter that has

Estimation of Copper
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been recently boiled and cooled. An amount of 0.2 g of sodium bicarbonate i is added

. as a preservative and the solution stored in a clean bottle. Sodium thiosulphate

solutions are somewhat unstable. Apart from oxygen and dissolved CO, they are
casily attacked by air-borne bacteria with the liberation of sulphur. In case any

* . turbidity is observed the solution should be discarded.

.Starch Solution: About 150 cm? distilled water is heated to boiling in a beaker.
- While this is being heated, 0.5 g to 1 g of soluble starch is stirred with about 10 cm®

of distilled water to give a paste. The paste is stirred into the boiling water and boiled
gently for .. few minutes and cooled. The solution should be almost clear. It is kept in

a stoppered bottle. (Starch solution should bc freshly prepared before use)

Potassium Iodide Solution: Prepared by. d-csolvmg 5.0 g Kl in 100 cm’ of distilled

water.

- 5.3.3 Procedure

Prepmﬂon of stan-ard potassmm dlch:omate solution: Prepare this soluuon using -
the same procédsire. as glven in Experiment 6. . '

Stnnda.rchsahon of sodium thiosulphate solution

. Pipette 20 cm® of potassium dichromate solution in a 250 cm® oomml flask, add 10

¢m?® of dilute sulphuric acid and 1 g sodium hydrogen carbonate with gentle swirling

 to liberate carbon dioxide. Sodium hydrogen carbonate maintains an atmosphere of

CO., in the solution which displaces the air and prevents the oxidation of iodide from
air. The reaction 41~ + O, + 4H* === 2I, + 2H,0 is catalysed by light, heat and
acids. Then add 0.5 g potassium iodide or 10 cm® of 5% KI solution, swirl, cover the
flask with a watch glass and allow the solutjon to stand for 5 minutes in a dark place.
Titrate against sodium thiosulphate solution from the burette until a light pale yellow
colour of iodine appears. Then add 2 cm® starch solution and coatinué to titrate until
the blue colour of starch-iodine complex disappears on addition of a drop of the
titrant. The final solution will be green coloured because of the presence of
chromium (III) ions. Record the burette readings befeie and after the titration ip
observauon Table I. Repeat the same exercise to get at least two concordant
readings.

Titration of Copper (II) Solution

After standardising sodium thiosulphate solution, you can titrate the solution:
containing Cu?* ions. For this, pipette.out 20 cm? aliquot into a 250 cm’® conical .
fiask, ar add 0.5 g solid potassium iodide or 10 e’ of 5% KI solution, swirl it to .
dissolve; then titrate with the standardised sodium thiosulphate which is taken in a
burette, When the brown colour of iodine becomes pale yeliow, add 2 cm? of fresh
starch solution. The colour of the solution at this stage is deep blue. Swirl the flask
for abnat 15 seconds and complete the titration adding sodium thiosulphate solution
dropwise. During the titretion, as Cul is formed, it absorbs I3 on the surface, as a
res:lt the reaction of I, with Na,S,0, titrant is very slow. Therefore. very close to the

- end point, when the coleur is very light blue, add 1 g potassium thiocyanate, KSCN.

Thiocyanate added at t} s stage reacts with Cul and forms CuSCN displacing iodine
fro;.. the svrface, makuag it available for the reaction,

Gul + SCN~ =—>CuSCN + I~ ' .

However, if thiocyanate is added earlier dunng the titration, it wiil »= slowly oxidised
to sulphate by iodine. At the end point, the blue colour of the solution disappears
and the precipitate appears. white, or slightly grey, when allowed to settle. After
standing for a couple of minutes at the end point, the precipitate should become pure
white. Record the burette rzadings in observauon Table II. Repeat the same exercise
to get at least twe concordant readings.

SAQ 3.

During iodometric titrations, starch is adr >d onlv towards the end of the titration.
Why?

.....................................................................................................................................................
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SAQ 4

Why j s sodium hydrogen carbonate or sodium bicarbonate added in the
standardisation of soldnum thlosulphate using potassium dichromate as titrand?

5.3.4 Observations’

Mass of the weighing bottle
Mass of bottle -+ potassium dichromate crystals
Mass of the bottle (after transferring K,Cr,0;)
Mass of potassium dlchromate transferred -

Molar mass of potassium dichromate

Volume of K,Cr,O; prepared( v}

Molarity e¥ K,Cr,O, solution

0"serval|on '1 able |

I

(|

i

m| [P T g
m, =' ........... g
M = e, g
mz - m‘; = =
.......... " g
294.19 g mol™!
250 ¢m? '
M,

m¥4 .

mol dm—3

Molar mass

mx 4
294.19
........... mol dm™3.

Potassium dlchromate oolulmn ¥s. sodium thiosulphate solation

Sl V+lume of K;Cr,()., Burctle rcadiﬁu,l Yolume of Na 3, 0
No, rolutio= a ¢m’ . solution in cm?®
' lInitial |  Final (Final — Initial)
1 pli} ’
2 20 i
3 -2
- . Observation Table I
Sodium thiosulphate $olutioa vs. opper {I1) sclution prepared from copper wire
9. Volume o'-(fu-ppcr (in - Burette readiﬁp’, VYoleme of Na,S,C,
No. solution in cmi* _ ' e ution in cm?
Initia’ Final (F'nal = Initial)
I 20
2 0 ,
L]
3 2}

5.3.5 Calculations

'Eshmatlon of the strength of sodirm lhlosulphale solutlon

Molanty of K,Cr,0, solution | .= M;=........... mol dm
Volums'»¢ X0, solution = v, =20 cm?
Volume of Na,$,@, sol:tion user‘ = V= , om?
(’*""Lom Tedle ) )
Molarity of 14z,3,0, solution rw M, =7
Using tie. inclai?’y equation, . '
' J ‘f& = '..M: Vz .
ALV s
Molarly =27 72,2 7, solotics e g re TR
: i 5
_ = e mol dr+? _ .
Estlma"m‘- S he - 21gtn 2f Copper (INY colutiap propo= from coprer wire.
Mtafity o, Dol s kon = M, =M = ol L
"’Ol‘.l.""' of NnyS." . s~"omrsed = ¥ o L aEl
ol nf onmoee U SRR AP

Estimation of Copper
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5.4 COLORIMETRY |

Molarity of copper (II) solution = A, = ?
Using molarity equation M, V, = M, V,,
4 AL

Molarity of cc;pper (1I) solution = M; -
. | ”
. : - e mol dm™ _
Determination of the amount of copper present in copper wire
Mass of copper present in 1 dm? of the solution = Molarity of the solution X atomic

prepared from copper wire mass of copper
—-M, X 63.5=m,= ... pdm
. 7 m, . N
- Shof Cus . X 100
1.5
e %
5.3.6 Result

The percentage of copper in the given copper wire = .%. You can compare the

~ above value with the actual one which you can get from your counsellor.

‘Colorimetry is based on the weasurement of the _inténsit_v of colour to find the
‘concen‘ration of a given solution. Intensity of the colour depends on. the

concentration of the species which may be ions, molecules or a complex causing it.

‘The species to be determined may possess an intrinsic capacity to impart colour to
. the solution or it may give a distinct colour or being complexed with a snitable
" reagent. Co :

~ When light of an appr'opriﬁté wavelength is passed through a coloured solution
. contained in & cell, & fraction of the light is absorbedt depending on the concentration

of the absorbing species and the thickness of the absorbing medium, and the rest of

- the light is transmitted. Though some light is reflected back from the solution, its
“amonmy ‘7 ~egligibly smaill and is eliminated by using a control. For all practical

purposes we majy gy,
L=i+1

where, _ :

I, = Inténsity of inci“cnt light

I = Intensity of light absorbed

L = Intensity of transmitted light.

The -elationship between the intensity of incident radiation and that of the
transmitted one is best given by Lambert’s and Beer’s laws which correlate I, with

~ the thickness and concentration of the medium, respectively, Let us understand these
two laws first, _ o

‘ lLamhert’s I.-ﬁw '

According to this law, when a light beam passes through a medium/solutics, equal
fractions of th: incident light are absorbed by layers of equal thickuess or we may say

"that the differential decrease in intensity with thickness of the absorhing medium is

proportional to the intensity of the incident light. Mathematically,

di
—dl. =k
wvhere, _ .
k = proportionality constant
1= thickness
Rearranging, we get, S
_df :
—7 =kdl

‘ _
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Integrating and taking the condition that, when /=0,
I=lo, wefget,

log. L = —kt
E"‘1’

B ]

logyg 4 is called ‘absorbance’ while X (k/2.303) is teferred to as the ahsorption
7 ; ‘
coetficient.

Beer’s law
This law states that the intensity of a beam of light deci=ases exponentially as the
<onicentration of the medium decreases arithmetically. We may say that the -
differential decrease in the intensity of light as a function o’ ~oncentration is directly
propo-tional to the mtensny of the incident light.

—d K1

.. dc
Rearranging, we get, -

— ’

—— = kdc
I

'ln*egratmg and putting thﬂ cor.dition that when c=0,1= Io, we get,
log, I/ Io = —kc :

orlogwI/I== = " =Kc
2.293

.-’]J
log I,/ 7= A, 1.2., absorbance

X = absorption coefficient.
As you can see K = K

5.4 Bleer-Lambert Law

The two laws explained above are combined to give the commonly known
Beer-Lambert law whichi states that the fraction of light absorbed by a given
absorbing medium is dlrectly proportlonal to the thickness of the medium and the
concentration ~f the absorbing species. Solving the mathematical express:on similar
to the one in Larlbert s law and Beer's law we get

A= gcl

where,

/=a thicknest of the medism

¢ = corcentrztion in mol dm™

£ = molar absorption coefficient
¢ the molar absorption coefficient is the absorbance of a solution having unit
concentration, 1M, placed in a cell of unit thickness, 1 em. Absorbance is also called
optical density (OD),

According to Eq s. 16, the absorbance or OD of a solution in a container of fixed
path length is directly proportionai t the concer 'ration. A plot between absorbance

(5.16)

and concentration is expected to be .inear and a solution showing such a behaviour is - -

said to obey Beer-Lan bert law, Dilute solutions obey the law over a considerable
concentration range, the upper limit varies from system to system. At higher
concentrations discrerancies are found which are attributed to the changes occur‘mg
- in the coloured solute, which may undergo association at tugher concentration. It is,
therefore, advisable to prepare a ' calibration curve using a series of standards of *
know" concentration. "

-

Estimation of Copper

“97

R 2 = e 1 B i

ST R IGTST

e TR PO § T S ey p——




Quantitative Analysis-Tl

28

There are a number of instruments in which a colorimetric determination can be

made. We wili make use of a simple instrument called colorimeter, The details of the

" instrument and the instructions for its use are discussed in the instruction manual.

Further, the use of the instrument would also be explained by your counsellor. The
«basic principle on which the instrument is based is briefly given here. Before going
over to that try the following SAQ.

SAQS5 :
Tick V in front of the right statements and put X in front of the wrong statements
given below :

{) Transmittdnce of a sample increases with a decrease in absorbance.

- ii)y Absorbance of a szrple decreases with an increase in its concentration.

iii) Absorbance of a saniple is independent of its length.
iv) .An air bubble in the sample will not affect the value of absorbance

. 54. 2 Principle of Colorimeter

Generally one determines the intensity of a gwen colour by the use of one's eyes, i.e.
we have a visual estimate of the colour. We can compare two colours and within the
limits of human error we may differentiate between the deeper and the lighter colour.
But it is difficult to guantify colour VISUALLY. For this we need the help of a
measuring device. A photoelectric colorimeter is such ‘a device. This, too, gives an
indirect estimate. It does not measure the colour, rather it measures the amount of
light which comes out after passing through the solution. Knowing the initial intensity
of light, we can work out the amount of light absorbed. ' :

A colorimeter consists essentially of a light source, a cell/cuvette for holding the
solution, a photoelectric cell to capture the radiation transmitted by the solutlon and
‘a measuring device to demct the response ofa photocell

- A schematic diagram is given in Fig. 5.1. There are thiree light emitting diodes
(LEDs) in the-colorimeter which you are going to use. These emit light of different
colours. You would be using one of them depending on the colour of abserbing
medium, The light from the source is made to pass through a slit so that we get a thin
ray, “vhich falls on the cell containing the solution. Some of the light is absorbed and
the rest is transmitted.-The transmitted light falls on the photocell where a current is

- -generated, whose magnitude is proportional to the intensity of the light falling on it,’

This current signal is suitably amplified and then measured by the help ofan -
ammeter. The deflection on the meter is proporticnal. to the light intensity. The .
intensity of incident light is measured by putting >nly distilled water in the cuvette,
when no light is absorbed and the whole of it fa:ls on the photocell. In case the
solution is madc in a solvent other than water, the reference sample taken as the pure
solvent. The difference of the two readings gives the amount of light absorbed.

Light __,___ Cuveue_\ Detector _”_L_MCLI

souree - ‘ conrining or |

o

so'ttion | photocell

Fig.5.1 : Schematic dingram of a colorimeter

5.5 EXPERIMENT 8: DEIERMINATION OF
PERCENTAGE OF COPPER IN THE GIVEN
SOLUTION USING COLORIMETRIC METHOD

In the prwlouq experiment, you estinfater, o4 .. .70 an "“"‘Cdlcr titrimetric
mettiog. 'n this e,xpprlmcnt you will us% tiie nstr Nt colonrr oo TOT Th2 same,

T
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Colerimetric determinations are possible only when the colours of the solitions are
no’ "oo intense. Extremely dilute solutions can be used for such determinations when
volizmetric methods do not work. These methods are also used widely because of
their high speed. You will know the advantages of colorimetry when you do this
expriment. You have already read the Beer-Lambert law on which colorimetric
detzrminations are based. Now you will réad and learn the principle on which this
experiment is based, and about the instrumerit and its calibration, procedural details
and plotting a calibration curve in the following subsections. ‘

N
35.5.1 Principle

T he colorimetric determination of copper in a given solution is based on a mmple
principle. As you know, the blue colour of copper salts is due to hydrated Cu?* ions.

. The intensity of the colour can be used as a measure 'of concentration of Cu?* ions in -
the solution. Here you will prepare a numbér of solutions contammg known but
variable amounts of Cu?* jons and measure their absorbance in the colorimeter to
make a concentration-absorbance calibration ‘curve, The concentration of the
unknown solution is determined by the help of this calibration curve.

5 5.2 Colorimeter

The colorimeter on which you will perform your- experiment is shown in Fig. 5.2.

'CUVETTE

@

O

STy

: - @

ll!’ dino o i

COLORIMETER

Fig. 5.2 : Colorimeter

Desmpmn of Coatrols '
Power Switch: This is a SPST toggle switch, located on the back panel of the

- instrument, which turns the instrument OFF/ON. When ON, the LED on the front
panel will glow if the instrument is plugged to a 220 V supply.

Colowr Selector: “':Js isaZpole 3 way. rotary selector switch used to swrtch on a
particular LED it: the cell holder and also to bnng into the amplifier circuit.a
particular paralle] resistor. It has three pOSlthl]S R,Y, and G signifying red, yellow
and green colours.

Set Zero: Thisknob is used %o se* thes maver. readmg to zero when the reference
solution is introduced ‘2 *he cell holder

. Seuﬁnty This knob'is used to adjust the meter sensitivity.

.Bix pin plug: This is Ic zdted at the right hand side of the back panel. The six pin
. socket from *be cell holder is inserted in this plug. {Wires from the LEDs and the
.LDR are cor.iected to the socket).

e Beiurc using the- colonmeter you will have to calibrate it by the procedure given
'be#ow and pfomng a graph to check the lmeanty ' ;

Estimation of Copper
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Cautlon; Do-not use a plastic

cuvette for organic solvents like '

chloroform, acetone, ete.

5.5.3 Calibration of Cplorime_ier for Coiorimetric Measurelment_

Requirements _ _
Apparatus ‘ Chemicals
-Colorimeter with cuvettes ‘ CuS0Q, *+ 5H,0
Burette - ' -1 : '
Test tubes ' - 10

- Test tubestand =1

o Take a clear dry cuvette and fill it with distilled water or the reference solution. '

Note thit the cuvette has two plane sides and two striated sides. Mark one of the

plane sides with a pen and insert the cuvette in the cell holder with the marked
side facing the LEDs inside the holder.

o Always insert the cuvette the same way. Close the lid of the cell holder,

o Use the Set Zero knob to adjust the meter reading to zero.

¢ Remove the cuvette, pour off the reference solution, rinse and dry it. :

.o Prepare 100 cm?® of 8% copper sulphate stock solution. Fill the cuvette with the -
stock solution. Insert the cuvette in the cell holder in the same onentatmn as in
Step 1. Close the lid-of the cell holder. |

o Set the Selector onR. (A copper sulphate solq_tlbn has an absorptlon maximuom in
the red regjon. For an unknown solution, choose the LED which gives the highest
meter reading, i.e. the largest absorbance. ) Use the Sensitivity knob to adjust the
meter reading near to the end of the scale {say 0.9),

- o Repeat Steps 1 and 2 for settmg the zero with distilled water (or the refercncc

solutipn.)

' Lineanty Check

‘e Take ten clean, dry.test tubes and add 10.0. cmJ 9,0 em?, 8.0 cm?, 7.0 cm3 6.0 cm?,
- 5.0 cm®, 4.0 cm?, 3.0 em®, 2.0 cm® and 1.0 cm?® of the CuSO, + SH,0 stock

solution in them respecuvel) Dxlute each with distilled water to make 10 0 cm? of
total volume.

" o Take the same sivette as used for cahbranon Measure the meter- reading, which is

proporuonal to absorbance, for each of the solutions making sure that the cuvette
~is rinsed properly before pouring the solution. Also make sure that the set zero
and gensitivity knobs are not-disturbed throughout this set of measurements.

e Plot the meter readings agaxnst the volume of stock solution taken in each of the
test tubes. A linear graph is expected as CuSO, solution is known to obey the
Beer-Lambert law in this concentration range. (A linear graph also shows that the
viaue of parallel resmtor for red LED is correct.)

5:5.% Requirements

Apparatus

Colorimeter — 1 .
Volumetric Jas' 1100 cm®) — 1-
Test tubes —15

Test tube stand — 1

Measuring cylinder ~ 1

" Beaker — 2

Burette £30 cm®) ~ 1 -
@urette_, stand — 1

Solutions Provided :
.. Cu** ipn solution prepared from coppzr wire using the same procedure as in the

iodometry experiment. However, here the mass:of Cu wire taken is 1.7 4 and ‘the

. volume of solution prepared is 100 cm?,

Stock solution ¢f copper nitrate (10% m/ v, prepared by di‘ssolvmg 10g of
Cu(NO,), * 3H,0 in.water and making the. ‘olume upto 100 cm’.

' 5.5,5 Procedure

Before starting the experiment ybuwill have to prepare copper nitrate solution of
varying concentrations as you did for the linearity check of the instrument,

For this purpose take six test tubes and label them 1 to 6. Put Cu (NOy), ' SH,0
stock solution and water in the marked test tubes with the help of a burette as given’
in the following table : ‘

S U B2 13 e ST HO e oY
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$. No. Volume of Cu{NO;), - 3H,0 , Volume of - % Cu(NQ,); * 3H,0 - Estimation of Copper

stock solation . . distilled water
1 0 : 10 . 0
2 2 8 2
3 4 6 4
4 6 4 6
5 8 2 8
6 10 0 10

Thus, you will get six solutions where the concentranon of Cu(NO;), + 3H,0 varies
from 0 — 10% as given in the table. i .

Before estimating Cu?* jons in an unknown solution, a calibration curve will have to
. be plotted between the concentration and the meter response in the instrument. For
. this, clean the cuvette thoroughly and fill it with solution no. 1, after rinsing it with
the same solution. Place the cuvette in the cuvette holder in the instrument and.
record the response in the meter in observation Table 1. Then remove the solution
and rinse the cuvette with solution no.2, fill it with the solution and once again note :
- and record the meter respounse in the table. Repeat the same procedure with the rest .
of the solutions too. Plot the calibration curve in the graph sheet. o

Wash the cuvette again and fill it with the solution whose concentration has to be
determined. Place the cuvette in the cuvette holder and note the meter response.
Using the calibration curve, measure the concentration correspondmg to this reading.

5 5.6 Observations

Observation Table I _
Meser respomse as a fanction of concentration of copper nitrate

S1.No.. Slreugth of Cu(NO,); + 3H,0'in - Meter Response - . ) i
. % m/v ‘ : ' L
1 0
2 2
3 4 . -
4 6 '
5 ‘ 8
6 10
Unknown . serseniiereraranes

5.5.7 Calibration Curve

A sample reading, Table II, and a calibration curVe, reproduced from the readings is
shown in the graph given in Fig. 5.3 for your guidasice. See it carefully, it will help
you to plot the one with the readings yon have noted. :

Table II
Meter respomse as a fusction of concentzation of copper sulphate - - .

SL Strength of ) Meter response

No. |CuSO, SH,0 in % m/v
1 ‘2 18
2 4 3.9
3 6 6.10

4 8 £.05

[ . ] I 3
% of CuSer $H,0 Solulion sk

a ‘Fig. 5.3: Sample calibration curve drawn from the readmgs gwen in prle 11 ’ ’ 31
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Now plot the observations recorded in Table I in a graph, -

§.5.8 Calculations

From-the grapﬁ, the % of copper ‘ﬁitratc solution is X% = ..o %o
XX 635 = zgofCu/100cm® :
= 1875 . . &

mass of copper wire taken = 1.7 g/100 c¢m®

%ofCu==17x100=‘p%

5.5.9 Result - , . B

The percentage of c0ppe1: in the given copper solution = ...%. You can comparc
the above va]ue -with the correct value which you can get from your counsellor.

" In this unit you have used two methods for the determination of pcrcentagc of

copper in a given solution. As you know, one. of these methods is titrimetric indicator
method, the other colorimetric which is an instrumental method. You can very well
compare the two methods after havmg used them. The compamon can be made in

. terms of:

‘a) accuracy : Which method is more accuratc'? Generally the instrumental methods.

are more accurate because of the very obvious crrors which we can
make in titrimetric fet* 2ds, e.g., errars of distinguishing a colour -
change and thus thé‘e... point, etc.

b) - facility -: lnstrumental method is more facile.

c) time = : This. you can judge yourself and we are sute that you will find that lhe
mstrumental method has taken lesser time.

d) cost : For thlS particular experiment. Kl {s so expcnswa lhal one will like 10

: avoid its ©,z. Instead of this, you are ising a low cost instrument so in
terms of cost. again. instrumental method is supposed to be better.

You can discuss these,n.s:p =riments in the light of above points with ‘your counsellor. .

5.6 ANSWERS TO SAQS

1) iy l, is almOSt insoluble in water.
i) 1, is volatile in natutre and is lost from an open ‘containe? in a short period. -
It requires standardisation cvery few days.

2) 2CuS0O,.+ 4Kl —— 2Cul + 2K.80, + ;-
. ['\ + 2Na-.S 01 _“_'"*ZNa[ + Na S Oﬁ .

2CnS0, + 4KI + 2Nay$,0; = 2Cui + 2K, SO, + 2Nal + Nu.S,0.,

3) The iodine-starch cumplex is only stightly dissaciated and a ditfuse end point will
© result if large amount of iodine were absorbed on starch.

4} - Sodium bicarbonate produces CO, in a solution sontaining Ki, K,C'r,04 and
acid and displaces the air present in jt. Air present in the solulion, otherwise,
would oxidise iodide to iodine and cause an error in the titration.
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UNIT 6 ANALYSIS OF WATER

.Structure o o ' _ :

6.1 Introduction
Objectives
6.2 Experiment 9 : Determination of Total Hardness of Water by Complexometry

Principle

Requirements

Procedure

Observations - .

Calculations : . C

Result - r -

6.3 Experiment 10 : Determination of Permanent and Temporary Hardness of Water

Principle
Requirements
Procedure ..
(Observations
Caleulations
Result

6.4 Experiment 11 : Determination of Alkalinity of Water

Principte -
Requirements
Procedure
Observations
Calulaticns
Result

6.5 Expenrﬁént 12: De.ermmatlon of the Dissolved Oxygen (DO) in a Water Sample

Principle

Requirements

Procedure !
(Gbservations - '
Caleulations

Result

6.6 Answersto SAQs

p

6.1 INTRODUCTION

In the previous unit you were introduced to the iodometric and colorimetric methods
for determining coppsr. In this unit you will first analyse a sample of water for
hardness and alkalinity, and then for dissolved oxygen (DO).

As you know water is one of the most important substances used for life. It is
indispensable to every form of life. Apart from being essential for agriculture, water
has rumneross industrial uses. The rapidly expanding needs for pure and clean water
for drinking and recreation purposes, in the face of dwindling sources of fresh water,
have raised concern among the énvironmentalists. .
Muniéipal water supplies are derive:t from two main sources—surface water from
rivers, lakes, etc. and ground water from wells, boreholes, etc., or a combination of
both. Ground water is a better sorce of drinking water than surface waters, because
most of the bacteria originaily present in water are gradua.lly filtered out as it
percolates downwards through the soil.

‘Water, as it occurs i nature, contains organic and inorganic dissolved impurities as .

well as suspended solids and gasss. The chemical and physical behaviour of the
" impurities present in water forms the basis for the procedures used in the analysis of
water. )

The dissolved inorganic impurities are mainly ch'orides, sulphates, carbonates, and
- Gicarbonates. of sodium, potassium, calcium and magnesium. Besides these, natural
veater also containg dxssmvcd oxygen and carbun dioxide.
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Water containing salts of heavy metals, mainly calcium and magnesium is calied ‘hard
water". Hard water is not desirable for use at home or in industry. Hardness of water
precipitates soap, thus reducing its cleansing action. Dissolved solids precipitate on
heating and thus clog boiler pipes and deposit on boiler plate when hard water is

used for steam making. You m=y have noticed a similar hard white deposit called
“seale” in the kettle used for boiling water for making tea. '

“1t is important to find out the nature of the dissolved {mpurities present in water and
also their concentration to judge whether a given sample of water is suitable for
municipal or industrial use. For example, waters with high magnesium content are
not suitable for drinking; similarly, waters with high iron content should not be used
in paper or textile industry. High concentrations of carbon dioxide, dissolved oxygen
and high salinity, if present in water, speed up corrosion. :

In various water systems, the concentration of dissolved oxygen depeiids on various
factors, such as, temperature, salinity and biological activity. Pollution by domestic
sewage and industrial wastes can decrease the dissolved oxygen concentration in
‘surface waters. Sewage contains large amounts of organic matter and also of nitrates
and phosphates, which accelerate algal growth. Such growth has also been traced to -
excess amounts of carbon dioxide (CO,) and carbonates (CO3?7). Bacteries
‘decompose organic material in the sewage, and consequently use large amounts of
oxygen, especially near the bottom. As a result, the large botiom fish which requires
more oxygen for survival dies because of the lack of oxygen. The decrease in the .
»mount of dissolved oxygen in water due to increased bacterial activity is called
evtrophication. So, determination of dissolved oxygen in ‘water is of prime
jimportance in the study of natural waters. . - ‘

There are different physical and chemical parameters like pH, conductivity, total
hardness, temporary and permanent hardness, magnesium hardness, alkalinity,
dissolved oxygen, chemical oxygen demand (COD) and biological oxygeri demand
(BOD), etc., which are used to assess the quality of water. It may not be possible for
you to evaluate all these parameters. In this unit you would determine the following
parameters in a water sample using chemical methods: ' :

i) Total hardness :
ii) Temporary and permanent hardness
iil) Alkalinity '
iv) Dissolved oxygen

Objectivés

After performing water analysis experiments, you should be able to:
o list different substances present in water obtained from natural sources,

- & define total, temporary and permanent hardness,

o describe the formation of a complex of metal ions with ethylenediamine tetraacetic
“acid (EDTA), , -

» discuss the role of the buffer and the indicator in complexometric titrations,

o estimate total, temporary and permanent hardness in water by complexometric -

. titration, ‘ , . '

o define alkalinity of water,

s cstimate total alkalinity or methyl orange alkalinity and phenolphthalein alkalinity,

o state the principle of Winkler’s method for determination of dissolved nxygen in
water, and '

e ectimate the dissolved oxygen in a sample of water by Winkler's method.

6.2 EXPERIMENT 9: DETERMINATION OF TOTAL
HARDNESS OF WATER BY COMPLEXOMETRY

Cetermina:on of the hardness of water is necessary for determining the quality of
water far household and industrial uses. As we have stated carlier that hardness of
water is due to the presence of salts of calcium, and magnesium in it. When we add
simple soap (not 2 synthetic detcrgent) to hard water, an insoluble substance

commonly known as-“soap scum” is produced. Therefore, we also sometimes define

e = ey
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"suitable treatment for water softenin

hardness as the soap consuming capacity of water. There are two types of hardness:

i) Temporary hardness: This is due to bicarbonates of calcium and magnesium,
‘Ternporary hardness gets removed on boiling water, when soluble bicarbonates
decompose to give insoluble carbonates, however, MgCO, is partially soluble.

Ca(HCO,), —— CaCO, + H,0 + CO,

Mg(HCO;),

» MgCO, + H,O + CO,
(partially soiuble)

i) Permanent hardoess: It is so called because it does not get removed on boiling.
Permanent hardness is due to chlorides and sulphates of calcium and magnesium.
Total hardness is temporary and permanent hardness together. ' '

Total hardness = Temporafy + Permanent
.hardness

hardness

6.2.1 Principle

In complexometric titration we use, EDTA as complexing reagent, which forms
soluble complexes with metal ions iike Ca** and Mg**. Ead point in this titration is
detected by colour chenge of eriociirome black T indicator. As the stability of the -
complex and colour change of the indicator are sensitive to pH changes, the solution
to be titrated must be well buffered by ammonivm Rydroxide-ammonium chloride
buffer solution of pH 10. Let us study complexation action of EDTA and the role of
wetal ien indicators in detail.

Complexation Reaction - . ‘
A complexation reaction with < metal ion involves the replacement of one or more of
the coordirated solvent moler iles by other nucleophilic groups. The groups bound to
the central ion are called ligands. In aqueous sohition, the reaction can be

- represented by the following equation:

- M(H,0), + oL --—+ ML, + oH,0
where, L = Ligand, e.g., NH,, CN~, EDTA

It is necessary to know t'empoi'ary and permanent hardness scparately to devise a-
g. Hardness of water is expressed in terms of mg:
of CaCO, per dm? of water or as ppm. '

Hardness of a water sample can be determined by titration with soap solution or by
complexometric titration with EDTA (Ethylenediamine tetraacetic acid) or by-
conductometric methods. EDTA method is accurate, simple and fast. We shail first
discuss the principle of comg!lexometric titrations.

o ~= Coordination number of the metal ion and represents the maximum
number of monodentate ligands that can be bound to it.

HOOCCH,

" SN:-CH,—CH,~N

Tance

Lr,

M* + H,Y? — o MY? 4 2H*

~

In this experiment EDTA is used as the ligand. The structure of EDTA is given in
Fig. 6.1. EDTA has very wide general application in analysis be.wuse of its powerful
complexing action and commercial availability.

_CH,COOH

CH,CO0H

b
*Fig. §.1: Strocture of EDTA

Abbreviatic> 3, is often employed in representing EDTA. The disodium salt of
EDTA, Na,H,Y. ¢lso called sodium versenate, is generally used in EDTA titrations.

" The sodiv salt is s*able, can be obtained in high purity 1s a dihydrate and is soluble
in water, whereas EZ A itself is quite insoluble, Na,H,Y undergoes extensive
hydrolysis in solution g*~ng H. ¥~ ions. The disodium-salt reacts with metal ions in
1: 1 ratio. The reaction with cations, e.g., M?*, may be written as,

Analysis of Water

Hard water causes formation of
deposils or scales inside the warter
pipes of boilers and other warer
conditioning equipment.

Hardness is expressed in ppm of
CaCQ, although in Experiment 9
the hardness may be duce to
magnesium or other cations.

It is usual to know CaCO,
equivalent to some common salts
causing hardness. 100 parts of
CaCO, are equivalent to:

162 parts Ca(HCO),),

i11 parts CaCl,

95 parts HgCl,
- 136 parts CaS0,

120 parts MgSO,

Ligands may be classified
according to the number of

'points of attachment to the

central metal ions. Monodentate
lig~nd—with or:e point of
attachment, e.g., cyanide ions,
halide ions, molecules of water
and ammonia, Bidentate
ligand—-with two points of
attachment, ¢.g., oxalic acid,
Polydentate ligand—with more
than two points of attachment,
c.g., EDTA.

35

T A T ATk




Quantitative Analysis-il

36

Itis gpparent from the above equation that there is always a competition in the
solution between the metal ions and hydrogen ions seeking the negative sites on

" EDTA. The equilibrium situation is determined by the strength of the bond between
_the metal ion and the ligand and the relative concentrations of mstal ion versus

hydrogen ipn. In other words, we can say that the stability of a metal-EDTA
complex will bz governed by the hydrogen ion concentration or pH of the solution.

Table 6.1, gives minimum pH 'values for the stability of EDTA complé.'x&c of some
selected metals. o . '

* Table 6.1: Stability with respect to pH of some metai-EDTA complexes

i

Minimum pH at which Sclected Metals

‘complex is stable

1= 3. Zr'*, HE*, The!, Bi* 5

A— & ‘ ‘ Po?*, Cu?*, Zr*, Co?*, Sb?*, Mn?*, Fe®*
] 8 - 10 ) 7 Cal+' SI‘?"'.',BBH, MBH— ' . ] -

You can see that in general, EDTA complexes with alkaline earth metal ions-are -
stable in alkaline solution, whilst complexes with tri~ and tetravalent metal ions may
exist in solution of much higher acidity. This is the réason why complexometric
titrations for determining total hardness, i.e., Ca** and Mg®*, are carried out-at pH
10. - - : -

Metal Ion Indicators o '
We can titrate a metal-ion solution directly with standard EDTA solution. At the end

~ ‘point, the concentration of metal ion decreases abruptly. This is generally determined

by change in the colour of a metal ion indicator which responds to change in metal
ion concentration. T - :

« The end point may also be determined by cbnductomet_x_'ic, colorimetric, or in some
" cases, Yy potentiometric methods. Since in this experiment, we would be using metal

ion indicators, we will briefly discuss them. A metal ion indicator forms a complex
with a metal ion. : :

M +Hin* ____, MIn™ +H*
Where Hm’.’ tepr@é-nts' indicator form at a particular pH.

However, metal idn indicator complexes are generally less stable than the '
‘metal—EDTA: compiexes. The indicator releases the metal ions at the end point, and

- this shows a change in colour.

In the determination of the hardness of water, we use eriochrome black T.or
solochrome black as metal ion indicator. Eriochrome black: T is sodium
1.—-(1-hydroxy—Z—napthylazo)——G—nitro—2—napthol—4—sulphouate. Its structure is,
given in Fig. 6.2. . :

Fig. 6.2: Stractarc of erbochromse black-T.
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e presence of metal ions, eriochrome black—T forms a wine red complex. The Anaiysis of Water

i changes io blue of the free indicator when the metal ions are fully complexed
EDTA at the end point in 2 litration. ' '

M- + HyY?* - o MYS" + HIn™ + H*

(wine red) (colour- (blue)
less)

are H, Y%~ represents disodium salt of EDTA and HIn?~ represent- criochrome
%k T in a buffer solution of pH 10.

he determination of the total hardness by EDTA titration, since Ca/Mg—EDTA Eriochrome black T lias
acid-base propertiés, which are

iplexes are stable at pH 8—10, the pH of the solution during the titration must be e aroad o 7ol

ntained at pH 10 by adding-a suitable buffer like NH,Cl/NH,OH solution. In this " oy 8.‘“ a4

tion, calcium ions do not form a sufficiently strong complex with eriochrome Hytn B8, - ELA -
(red) (bluc) {orange)

:k T, Mg—EDTA complex is added to the titration flask, if the sample either does B
ince it forrns metal complexes

contain sufficient ragnesium ions or does not contain these ions at all to provide with red form only, eriochrome
black T is a useful metal-ion

yarp colour change «t the end point. : :
. indicator only in the pH range
8.1 124, .

emical changes during titration may be written as:

Catt + H,Y* . CaY? +2H"

Mg+ HYo Mgy +2mt

Mgt + Hin?" ___+ Mgin™ + H” o

Mgln~ + H, Y - MgY™ + HIn?~ + H* (at the end point)

Wine Colourless . Colovrless - Blue S

red -
om the Eq. 6,1 and Eq. 6.2, it is
acts with one mole of Ci**/Mg**
e {7 >wing equation.

clear that one mole of the disodium salt of EDTA
ions. Therefore, the molarities arc related as per

MV, 1
MV, . 1
M, V, = MV, e (6.3)

heres M, and T4 - -= the molarities of EDTA salt and metal-ion solutions,

. un

sspectivély. V; »nd V; are “12 v >umes of BDTA selt and metal-ion solutions,
sspectively. ' '

n *ha gext sectic.' we are going to give you experimental details for determination of
he total hardness of water and the method of calculation. Before that try the
ollowing SAQCs. '

AQ 1 | .
hy is water samr; . buffered at pH 10 before titration with EDTA? '

.................................................................................................................................................

AQ 2 _
ixplain why Mg** ion may be added
riochrome black T s indicator.

when v-ater sample is titrated with EDTA using
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A white cryst="""ne precipitate of
" calcium carbcnate may appear
after the buffer is added, if the
veater is very har?. This shoutd
Forelve during th= course of the
titratio~, The precipitate may
dissolve slowly, however, it must
dissolve before the end point is
reached.

- In some cases, where the
alkalinity of the water sample is .
very high, it is recommended to
boil a known xolume of the water
samp'e with a few drops of HCI
to remove .05, Cool, add a few
dryps of methyl red and

rautralise with NaOH solution till
thé red colour is discharged.

38 uccHE-LsoD
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1 6.2.2 Requlrements _ _
You will nced the following apparatus chemicals and solutlons for this experiment.
Apparatus Chemicals
Buyrette (50 cm®) — 1 Disodium salt of EDTA

Fipette (20 cm®)— 1
.Conical flask (250 cm?®) — 2
“Weighing bottle

.+ Volumetric flask (250'cm3) -1

Funnei—1
 Burette stand with clamp -1

Solutions Provided

Water sample -

NH,OH—NH,CI Buffer solution, pH 10 .

It is prepsred by dissolving 64¢ of NH,C! in distilled water, addmg 570 cm® of
"amroonia solution (sp.gr. 0.88) and dJlutmg to 1 dm® w1th distilled water,

. - Eriochrome black T (0.5% mass/volume)
. 0.50g indicator is weighed and dissolved in 100 cm® ethanol.

Mg—EDTA complex (0.005 M) solution

It is prepared by adding stoichiometric amounts of 0.01 M discdium salt of EDTA
and 0 "1 M MgCl,. A portion of Mg—EDTA solution, when treated with a few
drops of eriochrome black T at pH 10 should change to a wine red colous, which
should change to pure blue on th= addition of one drop of 0.01 A/ EDTA solution
and wine red on addition of a sir ©  op of 0.01 M MgCl, solution.:

6.2. 37 Procedure

The experimental procedure involves the following steps:

' 1) Preparation of standard 0.01 A EDTA solution: As said earlier, EDTA is

available as its disodium dihydrate salt (Na,H,Y.2H,0). First take already dried
disodium salt of EDTA from the counsellor. Then take rough mass of a glass
weighing bottle and transfer about 0.95 g of the salt to the weighing bottle and
weigh accurately. Transfer the salt to a clean and dry volumetric flask of 250 cm’
capacity through a glass funnel. Find out the accurate mass of the weighing bottle
after transferring the salt, The difference between two masses gives the actual
amount of EDTA salt taken. Record these values in your observation note bork
to calculate exact concentration according to the mass of the EDTA salt taken
Now, dissolve the salt in deionised or distilled water. Make up to the mark with -
distilled water and shake thoroughly to make a homogeneous solution.

2) _Titration of water sample
i) Fill the burette with the EDTA salt solution after rinsing it with this solution
and mount the burette on a stand, also insert a parallex card. Note the
" reading in the burette and record it in-the observat:on Table I under the
‘Initial reading’ column.
i) - Plpette out 60 cm? of thc water s*_ e ust g a 20 a15® pipette in a 250 cm?
. conicai flask, add 2 cm® of the buffer solunon 0.5 cm® of Mg—EDTA
complex solution—mandatory , and five drops of eriochrome black T
indicator. Colour of the mixture a: ihis stage must be wine red.

iif) Titcate with 0.01 M EDTA from the burette with constant swirling. End
pois* is detected by the colour change from wine red throtgh purgle to a
clear blue. The solution should be stirred thoroughly and the titrant added
slowly near the end point. s [+

e e




iv) Note the burette reading and record in the observation Table I under the - -
‘Final reading’ column. The difference of the two readings gives the volume
- of EDTA salt solution used i the titration, Repeat the titration to get at
least two concordant readings. .

Thg volume of EDTA salt solution used for the titration should not be less than
10 cm®. Adjust the volume of the watgr samplé accordingly. .

6.2.4 Observations

Approximate mass of the weighing bottle =-.m, = el
Mass of the weighing bottle + EDTA Sl N B £
* (before transferring the salt) C .
Mass of the weighing bottle L= m= g

(after transferring the salt)
Amount of EDTA salt transferred =m, - m=m=,, ... g ‘
Molar mass (M,,) of sodium salt of EDTA = 377 3 gmol-t

Volume of EDTA sblt solution prepared . - 250 em3 -

Molarity of EDTA sal: solution =M =—

Cbservation Table I .
“Yater sample vs EDTA galt solution

sl Volume of water " Burette reading Volume of EDTA salt ini ¢m?
No, sample in em® - (Final - Tnitial)
Initial Final
1 <7 60
2 60
3 | 60"

6.2.5 Calculations , . .
-Estma%ian of total havdnes of water sample

Molarity of EDTA salt s. ::ion L =M =mXx/3723=, . mol dm™
Volirrz of EDTA salt sofution used = V= M3 o
(Froa Table 1) g C
Volume of wa = sample =V, = 60 cm?
Molarity of Ca?*/Mg?* in the =M=7
wate>sample ' '
Using Eq. 6.3,
M, Vi~ M, v, .

Molarity_ of Ca?*/Mg?* in water sample

M= M0 s
2
= veevoniee. Mol dm3
Total hardness of water iample in mg of CaCO, in one dm? of water
= M, X Molar mass cf CaCO, x 1000 ’

Molar mass of CaC 23 = 100.09
For all the practical puroses th's may be taken as 100.90 for the sake of
convenience in caloilaticns. New, we have, .

Total hardness of watet sarpe = M, X 100 X 2000 = .. pp ¢ CaCoO,.
5.2.6 Result -

Cotal harii:';._:.i of the-given sample ¢ “water = . ppm of CaCO).

F I
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-6.3.2 Réquirements _

Hardaess of more than 300-500 mg dm~? of CaCO; is wnsi&éregi excessive for
pubhc water supply and results in high soap consumpnon as well as objectionable

scale in heating vessels and pipes. Keeping these points in view, dlscuss the suitability
of water sample given to you.

6.3 EXPERIMENT 10: DETERMINATION OF
- PERMANENT AND TEMPOMRY HAWNESS
OF WATER

In Expenment 9, you have determined the total hardness of water, i.e., temporary +
permanent hardness. As we have discussed earlier if a water sample is boﬂcd for
sometime, bicarbonates of calcium and magnesium which cause temporary hardness
are precipitated as carbonates and can be removed by filtration. if you now titrate the
filtered water sample with EDTA salt, this gives you the permanent hardness only.
Once permanent hardness is determined, you can easily calculate temporary hardn&ss

- by subtracting the permanent hardness from the total hardness.

7 In this expenment you will first remove the temporary hardnﬁs by boiling and then

titrate water sample for permanent hardness. Finally you will calculate permanent
and temporary hardn&ss

6.3. 1 Pnnclple
You gre agam going to use EDTA titration method, therefore, the prmmple involved

is same as in the case of Experiment 9.

SAQ3 -
" Define permanent and temporary hardness&s of water and also list the compounds
whlch are responsible for them.

.....................................................................................................................................................

You can use the apparatus, chemicals and solutions which yon have prepared for
Experiment 9, besides that you will need a 400 cm? beakcr a 250 cm? volumetric’
flask, burner, fiinnel and filter paper

6.2.3 Procedure

1) First determine the total.hardn_ess of the water sample by performing Experiment
9. If you ara using the same water sample, there is no need to répeat this
experiment. : :

-2} Measure 250 cm? of the same water sample with the help of a volumetric ﬂask

and transfer it to a 400 cm® beaker. Boil it for 30 minutes. Cool the sample and
~filter it through a filter paper, Whatman No. 1 into a 250 cm?® volumetric flask.

Magnesium and calcium carbonates, which are precipitated on boiling are filtered ™

off. Make up the filtered sample to the mark by adding distilled or deionised °
water. Now, the temporary hardness has been removed and you can titrate the
filtered sample with EDTA salt for permanent hardness.

)] Pipette out 60 cm® .of the filtered sample using a 20 em® pipette into a 250 an’

conical flask, add 2 -m? of buffer solution, 0.5 cm® of Mg — EDTA complex

solution — mandatc:y , and five drops of enochrome black T indicator. The
colour at this stage must be wine red.

4) Fill the burette with the EDTA salt sotation whlch is prepared for Expenmem 9.
Note its initial readmg and record it in the observation Table L.

" . 5) Titrate the contents of the conical flask with EDTA salt solution as du'eaed

. under the procedure for total hardness and note the final reading in the
- observation Tabie I.The difference of the final and initial readings gives the

SERN iy




volume of EDTA salt solution used in the determination of ;»rmanent hardness.
Repeat the titration to get at least two concordant readings.

[
6.3.4 Observation

Observation Tabic I
EDTA salt s?lulion vs water sample (aftzr boiling)

SL Volume of water " | Barette r_e}vding Yelume of EDTA salt
No. “sample in cm® 1 . solution in cm? -
. " Initial Final (Flaa] — Initial)
1 . 60
2 - 60
3 ’ G0

6.3.5 Calculations

(a) Permanent harduess of water sample

Molary of EDTA salt solution = M, = ........... mol dm™

(From Experiment 9, if you are using the same EDTA solution].

Volume of EDTA solution = V] =............ cm? :
- used (From Table I)

Volume of watet sample = V; = 60 cm? .
Molarity of Ca®*/Mg?* in water sample = J, = ?
after boiling ' ' :
Molarity of Ca®*/Mg?* .in water sample °

after beiling Ce

MV, -

mMzna V

= ... mol dm?.

- Permanent hardness of water sample in mg of CaCO, in one dm? of water
"= M, X Molar mass of CaCO, X 1000 : :
= M, X 100 X 1000 = ... ppm of CaCO;,

(b) Temporary kardriess of y’mier sample. o

= Total hardness Permanent hardness
(From. Experiment 9) {Trom Experiment 10)
;o eveeaes ppm of CaCQ, ' :
" 6.3.6 Result _
Petmanent hardness of.the given water sample = .......... ppa of CaCO; =~

Temporary hardness of the given'wate'r sample, = ........... ppra ¢f CaCQ;,

6.4 EXPERIMENT 11: DETERMINATION OF
ALKALINITY OF WATER

I the previous two experiments you were introduced to the complexometric-titration

methods. Now, we are again going to discuss acid-base or neutralisation titration
method to estimate alkalinity ~f water. As you may recoilect neutralisation titration
was discussed in Units 2 and 3. o : :

The alkalinity of water is a measure of its quaniit1tive capacity to neutralise a strong

acid to a designated pH. The alkalinity of many surface waters js primarily due to - -

carbonate, bicarbonate and hydroxide ions and less frequently borates, silicates and
_phosphates. It is, however, taken as an indication of the concentration of former.

Alkaling waters containing bicarbonates of caleium and magnesium when heated,

form crust like scales il pipes thus restricting the flow of fluids. Carbon dioxide
released in the reaction is corrosive. ' '

Analysis of Waten
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Quantitative AnalysisI

The alkalinity fraction equivaleat g

1o the amount of acid required to
lower the pH of the water sample
to 8.3 is called phenciphthalein
alkalinity. .

‘The amount of acid required to - -

lower the pH to 4.5 of water
sample determines the total
alkalinity or methyl orange

. elkalinity.

'._Alk'a']in"y is taken primarily as an _
indication ui .he ‘congentration of

carbonate, bicarbonate, and
hydroxide ions. Presence of these
ions is shown as follows,

i) Carbonate ion (CO3™) is
present when phonnlphihalein
alkalinity is no® 22,0 but is les
than total alkalinity. :
1) Hydroxide ion (OH") is
prasent if ;phenolphthalein .
alkalinity is more than half the
total alkplinivy,
-iil)Bicarbonate ion (HCOI™) s
~ prerent if phonolphthalein
elkalinity is less than half the
total alkalinity.,

42

~ operational control of anaerobic digestion. Alkalinity in excess of the permissible

* to Experiment 4. Besides bicarbonates, waters having a-pH above 8.3 contain,

 determines the alkalinity contributed by hydroxide and half that of the carbonate

| 6.4.2 Requirements -

-Pipette (20 cm®) — 1

- Itis prepared by dissolving 0.5 g of phenolphthalein in 50 cm? of ethanol and

Alkalinity values provide guidanice in ap{jlying proper doses of chemicals in water
‘and waste water treatment plants, particelarly in coagulation, softening and ‘

concentration is significant in determining the suitability of water for irrigation. Higt.
alkalinity in water can damage root hairs of plants. L '

6.4.1 Principle

As'mentioned above, lthe_ primary species contributing to gikalinity are carbona'te,,r
bicarbonate and hydroxide ions. Alkalinity is determined by titration with standard
solution of a strong acid using phenclphthalein and methyl orange indicators similar

8 D R PR — it o

ngrmal carbonates and hydroxides also. Titration to an end point of pH 8.3
present as you know, at this pH carbonate gets converted to bicarbonate. This is
obtained by using phenolphthalein as an indicator.

The total alkalinity is determined by titraticn of the sample to the end point using a
cuitable indicator like methyl orange having a qolour change at about pH 4.5. '

The reactions which take place can be summed up as follows:

OH- +H*=H,0 7 ‘endpoint with end peint with
- nmethyl orange (total
or methyl orange

alkalinity)

Ny phenolphthalein _

CO¥ + H*=2HCO3 | . (phenolphthalein alkalinity)

~ BCO; + BfxH,CO, B L

" Alalinity results are expressed in terms of concentration of CaCO,. You know that
one mole of CaCD, is neutralised by 2 moles of HCl as shown in the following

equation: - . . o '

CaCo, + 2HEl —— CaCl, + B0 + CO; S

‘Therefore, the molarity equation for the alkalinity can be written as,

Muc Vo = 2Mcucos Vewcos =2Mus Vos e (6.4)
Where My is the molarity of alkalinity in water sample in terms of CaCO, and Vs
is the volume of water sample. : , . ‘
We use above molarity equation to calculate phenolphthalein and methyl orange
alka.lm.lty.' ' ’ ) " , ) .

A minimum quantity of 0.1 M sodium thiosulphate solution is added to the sample to
remove traces of residual chlorine that would otherwise interfere in colour change in’

the determination of total alkalinity. . :

T

Y

You will need the following apparatus ahd chemicals for this experiment. :
Apparatus _Chemicals ' E
Burette-(50 cm®) — 1 S : © ‘
Sodium carbonate
Conical flask (250 cm®) = 1

Weighing bottle: -
Volumetne flagk (250 cm*) — 1
Furnel —1

Burette stand with clamp — 1
Solutions Provided

Water sample

Hydrochloric acid (approximately M/S0} . '

1t is prepared by diluting 2 cm? of concentrated HCl to 1 dm? with distilled water to
make an approximately M/50 solution.

Phenolphthalein indicator solution ‘ '

diluting to 100 cm? with distilled viz-ur.

Methyl orange indicator solution =
0.1 g of metay! orange is dissolved in 200 cm® of distilled water.

Sodium thiosulpkate (0.01 ) - » _
2.48 g of Na,5,0;5H,0 is dissolved in distilled water and dihited to 100 cm®.




Distifled water : : ‘
Use distilled water having a pH higher thari 6.0, If the water has a lower pH, it

. should be boiled for at least 15 minutes and aliowed to cool to room temperature,
This )vvater should be used for the preparation of all standard solutions, ‘

Analysis of Water

6.4.3 Proce'dure

As given above, you are provided with an approximate M/50 hydrochioric acid -
solution. The exact concentration of hydrochloric acid solution is determined by
titrating against a standard solution’ of Na,CO,. ' C

1) Preparation of standard sodiuim carbonate solution (M/100); Weigh accurately
0.26 —0.27 g Na,CO, (previously dried) in a weighing bottle. Transfer it to a clean *
250 cm® volumetric flask. By weighing thé weighing bottle again, find out by
difference, the accurate mass of the salt transferred. Dissolve the salt in 100 cm?
freshly boiled and coolec distilled water and make up. the solution to the mark. Shake
the solution till it is completely homogeneous.

2) Standardisation of HCl solution: Pipette out 20 cm® of the given Na,CO,
solution into a 250 cm? conical flask. Add 2—3 drops of methyi orange indicator,
“Your solution will turn yellow on the addition of this indicator, Titrate with HCI- -
taken in the burette. Swirl the flask after each addition till 2 permanent red colour is
obtained at the end point. Record your observations in observation Table 1. Repeat
.the titration till you get two concordant readings.

3) Titration of water sampie with HCl solution . . -

i) Pipette 60 cm® of the water sample in 2 250 cm? conical flask. Add a dropof .~
0.1 M sodium thiosulphate to the water sample to remove possible chlorine
residues. Add 2-3 drops of phenolphthalein indicator and slowly titrate. with
HCl from the burette with constant swirling till the colour just disappears .

(pH 8.3). Record your observations in obsewvation Table II. Repeat the
titration to get at least two concordant readingg, - _
Note: If no pink colour develops on addition of phenolphthalein to the water-
sample, do not titrate the sample for phenolphthalein alkalinity,

i) Again take 60 cin® of the water sample as above and titrate with HCI using
methyl orange indicator till a red colour is obtained (pH 4._5).

Record your observations in observation Table I1L. Repeat the titration to get at least
two concordant readings. Adjust the volume of water ‘sample so that the volume of
HCT required is about 15 to 20 em?, _ - .

h.4.4 Obsenaﬁom

Miass of the weighing bottle L =g
Miass of weighing bo‘tle + Na,CO, bl < N g ' '
before transferring the salt) . o o ..
vass of the bottle : i/ R 4 -
after transferring the salt) A Lo . .
Amount of Na,CQ, transferred S =g —my=am........ g
Aolar mass of Na,CO, : = 106 g mol™!
/olume of Ne,Cn), solution prepared = 250 cm®
dolarity of Na;C'O, solution L m M,
- m X 1000
- M, X250
I I X 4 .
106

= ooomotdm T | 83




Ir bi- *ireti- ~ one moele of
Nap ;-
H7TL - -

+§ with two moles of

Observation Table I '
Na,CQ, soluticn vs HCI solution
sl, Volome of N2,CO;. Bureite rending Volume of HCI
No. sample in em? . in cm®
: , Initiel | Final (Fins} — Initinl) :
1 20 ;
2 . 20
.3 : .20
- (bservation Table [
Water sample vs HCI solution (Phenolphthaleln indicstor)
Sl Volume of waler Burette reading Volume of HCI ’
Mo. sample in cm? i ome® ;
: . Initial Finsl (Fisal — Initial)
Lot 60 :
2 Tho60 E
3 60 [
: X ~yservation Table ¥ ]
Water sample vs HCI sol:+tion (Methyl orange indicator) %
S, Volume of water Burette reading Yolume of HCO |
No. sample in cm? . imemdd®
: Tnitial Final (Fina) — Iaitial)
o 60 : :
2 " 60 i
[ 3 T80 , B
6.4.5 Calculations .
(a) Estimation of the strengih of HCIl solution : ‘
Morality of Na,CO, salution = M, = mX4/106 = o mo
Volume of Na,CO; solution .= V, = 20 cm’ :
Volume of HCI solution (from Table I w V)= o’
* Molarity of HE] solution - =M, ="
Using Eq. 3.6 (Unit 3)
2M,V, = M, V, ﬁ
M, _2MV,
. V2
L mol dm™3 .
(b) Estimstion of Phenoclphthalein alkelinity of water sample L
Molarity of HCl solution ' as fy = My = e mio} dm™
Volume of HCl solution (From Table 11) 7 T -
Volume of water,sample T = Y, = 60 co ]
Molarity of p_henolphthalein-alkalinity w N, = 7

in water sample in terms of CaCO,

Using Eq. 6.4
MV, =2 MV,
MV

4
mol dm™
Phenolphthalein alkalinity of water
" M, X Molar mass of CaCO; X 1000
Molar mass of CaCO; =100 g mol™t

Phenolphthalein alkalinity of water sampl=
.= M, X 100 X 1000 ppa CaCO,
ppm CaCO, S
Simply, we can define phenclphthalein alkalinity as:

sample in mg of CaCQ, in bne dm?® of w1




Phenolphthalein alkalinty

Volume of HCl (cni®) to YX My, X 100,000
'gfgg S e phenolphthalem end point, o
or ppm 2 X Volume of water sample (cm?)

(¢) Estimation of methyl omnge (total) alkalinity of water sample

‘Molarity of HCl M wm M,y = e mol dm™
Volume of HCI ' = V= ienn cm

Volume of water sample = V= 60 cm?

Molarity of methyl orange-alkalinity

in water sample in tetrms of CaCO;

-Using Eq. 6.4
MV =2Mg Vs

‘Methyl orange alkalinity of water sample in mg of
CaCO;dm™> -
= M, X Molar rhass of CaCO, X 1000
= JM; X 100°X 1000
s ppm of CaCO,
Simpty, we can define methyl orange alkalinity as:

- Totsl nlkalmuy or methyl orange alkalinity : .

Volume of HCI (cm®) to) X MHCI X 100, 000 |
.gfg(f)a dn~ = :methyl orange endpoint |
2 X Volume of water sample (cm®) --

or ppm

6.4.6 Result _
Phenolphtha'-in alkalinity =........... ppm of CaC01
Methyl orange alkalinity = .c..conns ppuw of CaCO;

6.5 EXPERINIENT 12: DETERM]NAT[ON OF THE -
DISSOLVED OXYGEN (DO) IN A Gl'VEN
WATER SAMPLE

In the prevmus experiment, yr have determined thc alkahmty of a water sample In

this experiment you will be determmmg dissolved oxygen (DO) ina g'ven water
sample.

While oxygen itself is not a pollutant in water, its presence, partxcularly, ll’.S
deficiency, is an indicator of several types of poﬂutlon in waters. Dissolved oxygen is
necessary for life of fish and other aquatic organisms. When its concentration is less
than 4 ppm, the. *r=1 water Systert.; are unsuitable for aquatic life, especially the

. game fish like trout. Oxygen is also needed te enable bacteria to oxidise organic
matter present: in water. Low concentration or absence of oxygen is an indicator of

pollution in water. Further dissolved oxygen in boiler feed water causes corrosion of -

boiler plate Its detefmination is, therefore, &ment:.al.

Both chemical and instrumental methods are available for determmatlon of dissolved
oxygen. There are sensors available, which cotild be lowered into the water sample at
any location and which would rapidly furnish a readout related to the in situ

- . concentration of oxygen at that exact time and place. Oxygen electrode also has its

limitations.and is uite unselective for oxygen in the presence of other oxidants.

r

. is because of the large

~ organic waste material in poll
"water. BOD is used to indicat
‘the amount of organic matter,

The rate at which oxygen is
consumed by a sample of wat
called the biochemical axyge
demand (BOD), which for

polluted water is usually muc
higher than.for clean waters.

chnsumption of oxygen by
bacteria as they decompose

water, -




Ouastitative Analysls-I1

46

There are problems in sampling and storing water for chem:cal' determination of
dissolved oxygen, especlally so if microflora remains active m the sample. Tltnmetnc
procedure is also inconvenient for field work

Winklers amde method for determination of dissolved oxyger. in water is perhaps the '
most well-known of all the chemical methods used for estimation of dissolved oxygen

in water, In this experiment, you will use this method to estunate dissolved oxygen m
a water sample.

651Pnnc|ple s T

. Winklers azide method of determm.mg d.lssolved OXygen in water was developed L

1888 by Winkler. It involves introducing first a concentrated solution of mangarese
(IT) suiphate, sodium hydroxide and potassium iodide — azide reagent into the water-
sample. The white. precipitate of manganese (Il)-hydroxide Mn(OH), is formed, and
is oxidised by dissolved oxygen in the water sample to give a brown precipitate of
manganese (IIT) hydroxide, Mn(O[—I)3 The sample is then said to be fixed and can be

_stored in this condition indefinitely. In the presence of sulphuric acid, manganese

(I'?) hydroxide dissolves and liberates free iodine from the potassmm fodide added,

in an amouint exactly equivalent to the amount of dissolved oxygen in the water

sample. In the presence of excess iodide ions, the liberated iocine (1) is present in

the form of I3, The amount of liberated iodine.is then estunated by ntraung agairist '
sodium thxosulphate using starch as an indicator. )

The series of reactions which. take place can be summansed by the follovnng
equations: -

MnSO, + 2NaOH —— Mn(OH), + Na,SO,

4Mn(OH), +.0, + 2H,0 —— 4Mn(OH),

Mn(OH), + H,SO; —=—~ MnSO, + 2H,0 + O

2KI+H,80,+ 0 ——— K,SO, +H,O+1,

2NaZSZOg + 1, — Na,S,0, + 2Nal

The. ratio between the moles of dissolved oxygen in the sample and the moles of

 thiosulphate needed to react with liberated I, can be deduced from tﬁe following:

4Mn(OH), + O, + 2H,0 —— 4Mn(OH),
. 4Mn(OH), + 41" + 12H* —— 4Mn%* + 21, + 12H20
21 +48203 — 28402 + 21 '

From the above equat:ons it is clear, two molcs of 1, are liberated per mole of O,
and since each I, reacts with two §,03", one mole of O, will be equivalent to four

moles of sodium thiosulphate that the stoichiometric ratio between the moles of
_ oxygen in the water sample and moles of thiosulphate used is 1 to 4, i.e.,

' Oy = 21, = 45,08

-~ Therefore , lf Mleszo is the molarity of sodium thiosulphate sblunon Mg is the
~‘molarity of dissolved oxygen in the water sample and Vj, 25,0, is the volume of

sodium thiosulphate used for the titration of water. sample and Vno is the volume of -

‘water sample, respectively, substituting these values for p and gin Eq. 1.8 the

molarities are related as per the following equation.
MN'zS:zo;- V"'eszoa.- 4

MgoVoo ¢ 1

“or Myus,0, VN-zszos 4Mpo Voo : : -(6.5)
.The main interference in this pre=ass is due to the presence of mtntes These react

unth KI and liberate iodine X ‘neding to the fol.ov:ag equation,
2HNO; + H,SO4 + 2Kl —— ZNO + K,80, + ZHZO + I2

This liberated iodine will also use up th.tosmphate Sodium azide is, - therefore, us-ed ir -
‘this process to take care of any nitrite preseat in the water sample, it distroys the

nitrite when the sample is acidified,
2NaN; + H,80, ——— 2HN; + Na,50,
(Hydrazoic acid)

HNOz + HNJ e} NOZ + N2 + H,O

B




. Standerdisation of sodinm thiosuiphate sclotion
" This method is based on the principle of iodometry, which has been discussed in -
'+ Unit 5. In this case, potassium dichromate oxidises icdide to iodine in the acidic

medium according to the reaction, ‘
Cr,0% + 14H* 4+ 61— 20 + 3Ly + 71-120 (6.6}
The librated iodine, similar to iodometric titration, is titrated with sodium :

. thiosulphate solution according to the reactjon,

28,08+, —*§0r+ 0 - N ()|
On combining Eg. 6.6 and 6.7, we get, -
Cr, 02" + 68,07 + 14H* ——— 2CE* + 38,0 + TH,0. «(6.8) -

We see from Eq. 6.8, that ane mole of potassium dichromate reacts with 6 molm of
sodium thiosulphate. Therefare, substituting the values for pand gio Eq. 1.8, the
molarities are related as pcr the following equauon

sz°'2°1 Vegono, 1
' ""25203 szsz"s

6 My 00,0, Viyony0; = M%Szoa szs‘% - - (6.9)

SAQ 4

. Mark the following as true {T) or faise (F).

g) Dissolved oxygen is necessary for life of ﬁsh and other aquatic organisms.

b) Concentration of dissoived oxygen | less than 4 ppm is unsuitable for aquatic life.

¢) Concentration of oxygen is a good indicator of polluted waters.

. d) Dissoved oxygen is des:fable for industrial water supply.

Wh?;isthe role of manganese (ﬂ}sulphate and atkaline potassium iodide solutionin

the detection of dissolved oxygen'

§.5.2 Reqmemem&g }
_Apparatos Chermicals

Burette (50 cm®) — 1 ~_ Sodium bicarbonate
Pipette (gfa;m;)sn 1 . . Conc. sulphuric acid or
Conical Rask (250 cm’) — 1 ' Phosphoric (V) acid
Weighing bottle )
Yolumetric flask — 1 Potassiuvm iodide

Stoppered bottle (250 cm?®) — 1.
Dropper (2 cm®)— 1
Burette stand with clamp — 1

Solutions Provided

Water sample.

Manganese (1) snlphate solation: It is prepa.ted by dissolving 50 g of manganese

(I sulphate pentahydrate in distilled water and making up to 100 cm®;

Alkgline {odide-szide solution: It is prepared fri. m 40 g of sodium hydronde. 20g .
of potassium iodide and 0.5g of reagent grade sidium azide (NaN,) made. upto, 00

. o’ with water. Sods.um ezide is addzd to the cooled solution

Note: Béth'manganesé (11) sulpkate and < “aline iodide-azide solutiohs are added to

the watér sampie just below the surface of water with the help of the ]et arrangement

__attached :o the burette (see Fig. 6.3).

. . poisonous, it'may also’explode i

Caution: Sodium lﬂde is ‘k
* exposed to heat. Handle with

Analysis of Wait
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Solid sodium %icarbonate is .

Fig. 6.3: Arrangemeat for the addition of mesganese (IF) rlpkate and skaliac lodide-szide sokati]
‘thiosulphate (Na,S,0;.5H,0) in distilled water and making up to the matk in a 1ds
. decomposition of sodium thiosulphate.

* Standard potassium dichromate solution (3/480): It is prepared by accurately
- weighing about 0.125g of dry potassium dichromate in 2 weighing bottle by the iJsur

. Dilute Sulphuric acid: As mentioned in Experiment 7

Manganzse (II) Sulphate or
alkaling iodide azide solution

Water Sample:

ya - \

Sodium-thiosnivhate solution (M/80): Prepared by dissolving 3.15g sodium

volumetric flask with distilled water. If the solution is to be kept for more then a fev
days, 0.1g sodium carbonate or three drops of chioroform may be added to avoid

method, transferring it into a 1dm” volumetric flask, dissolving in a small quantity o
water, making it up to the mark with distilled water, and mixing thoroughly.

" Starch solution: A smooth paste of 2g of soluble starch is _made and added a little

added to make a cover of carbun .

dioxide in the reaction flask
*during the titration to prevent
oxidation of hydroicdic acid by
oxygen of air. ' :

48

A time to 1dm® of boiling water with constant stirring. Heating is continued until th
solution becomes clear. The solution is cooled and preserved by adding 1.25 g sali
" acidor ate.. inps of toluene. oo

6.5.3 Procedure

As you know, sodium thiosulphate is not a primary standard, theréfore, you would
first have to standardise it by titrating with a standard solution of potassium
dichromate. : o

1) Titration of standard potassium dichromate with given thiosulphste solztion!
 Fill the burette with the given solution of sndium thiosulphate. Notc the initial
reading of the burette and record it in the observation Table . Pipette out 20
an’ of the given standard solution of potassium dichromate inio a conical flask
add 10 cm’® of 10% KI solution, 2g sodium bicarbonate and 15 cm? dilute
sulphuric acid. Cover the flask and keep it in dark for 2-3 minutex. Titrate




against sodium thiosu!phate with constant stirring. When the solution acquires a
greenish yellow colour, add 2.0 cm? of starch solution, Continue the addition of
*he thiosulphate solution dropwise till a light green colour is formed. This

indicates the end point of the titration. Note the burette reading and record it in
the observation Table I under the ‘Final Reading’ column. The difference of the

two readings gives the volume of sodium thiosulphate solution used. Repeat the

titration till concordant values are obtained.

'} Titration of water sample:

i) Fill a 250 cm® stoppered bottle with the water sample supplied. Insert the
stopper carefully by allowing it to displace the water in the bottle neck
without trapping air bubbles which could raise oxygen level by aerating the
sample.

" -ii) Remove the stopper, and by using a jet attached t¢ the burette (see Fig.6.3),
add lcm® of manganese (II) solution. Similarly add 1 cm? of alkaline iodide -
azide solution. Point of the jet should be below the surface of -water so that
the dense reagent solutions sink to bottom dlsplacmg water. Restopper the -
bbttle and shake the mixture well.

iii) Allow the brown precipitate of manganeé.e (IIT) hydroxide to settle .
complf-t ly for 15 minutes and add 2 cm?® of concentrated sulphuric acid or
2 em?® of concentrated phosphonc (V) acid with the help of a 2 cm? dropper

or measuring pipette after removing the stopper. Restopper and gently shake

1o dissolve the precipitate. This should produce the characteristic brownish
red colour of iodine, Whole cf the precipitate should dissolve. If some of the
dark brown precipitate persists after a few minutes, a few drops more of
sulphuric acid can be added.

iv) .With a pipelte, transfer 100 cm? of the above solution for titration in a
250 cm? conical flask and titrate the liberated I, with standardised sodium
thlosulphate solution until the sample solution becomes pale yellow. Add
2 cm’ of starch solution and continue the titration till the blue colour
. disappears. Repeat the titration to get ancther redding.

.5,5 Observaticns

clarity of potacsm:" dichromate solution M, = M/480

Ohbseryation Tabie I
7 aiassinm dichromate vs sodium thiosalphate

R Volume of polassiui] : Buretic reading Yolume of sodium
No. ‘dichromate sélution thiosulphate in em?
_in em? Initial Einal (Final ~ Initial).

1 © 20

T 20

3 20

Observation Table 4
Water sample v§ sodlum thios- ulphate

1N Volume of water : . Burelle :g'u:lmg : Volume of sodium
No. sample in cm? thiesulphate in cm®
' ) Initial " Final (Fina® — Initial)
1 100
2 o 100

5.5.6 Calculations

1) D=termination of the strength of sodivm thiosulp*~1e solution,
Molarity of potassium dichromate solution = M, = M/480
Vclume of potassiuin dichromate solution = V; = 20 cm? .
Volume of sodium thiosulphate solutior. (from Table I) = V; = ........... cm?
Molarity of sodium thlosulphate solution=M, =% ' . :
Using Eqg. 6.9, .

Analysis of Water
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M, _6MV,
v, .
= eerrerens. TOL dm™3

b) Determination of the dissolved oxygen (DQ) in the wmtea semngpie
Molarity of sodium thiosulphate » ~ton= M, = M, = ......... moi dia—>
Volume of sodium thiosuiphate so. . on (from Table m= V = e OO

Volume of water sample used for titration = V, = 100 cm®
Molarity of dissolved oxygen = M, = ?.
Using Eq. 6.5.
MYV = MY
MV,
4V,
= i 'mol dm™3

3 =

Dissolved oxygen (DO) in water sample in mg dm™?

= M, X Molar mass of O, X 1000
= M, X 32 X 1000 ppm

= e ppm
6.5.7 Result” o
- Molarity of oxygen in the water sample = ........... mol dm™?

Amount of dissolved oxygen in the water sampie in ppm = ...covenes '

In general, the minimum dissolved oxygen level needed to support a population of
fish is 4 ppm, on this basis tell whether the water sampie is suitable for the purpose of
. ﬁshencs or rot.

6.6 ANSWERS TO SAQs

Sel[-nsse -ment Questions : :

1) .In water : ~nple hardness is due to the Ca?* and Mg?* ions. From Table 6.1, you
can see that EDTA complexes with these io.'s are stable at pH 8~10. Further,
,meta' i.n indicatcr, eriochrome black T is weiked in pH range 8.1-12.4.
~.:crefore, water sample should be well bufferes at pH 10. . .

2) Ca™ ions do not form a sufficiently strong complex with eriechrome biack T, so,
in absence of Mg?* jons in water sample wé could not observe an accurate ead
point during titration with EDTA.

3} Temporary hardness: This hardness is removed on boﬂmg, therefore, it is caliad
as temporary hardness. This is due to bicarbenates of calciura and magresiv.
Permanent hardness: It is so called because it does not get removed on boumg
Permanent hardness is due to chloridcs and sulphates of caleinm and magnmmm.

4) T (b) T{)T(d)F (DO caises corrosion).

3) Role of these chemlcals can be summanscd in the form of fo].lovm,g chenyical
equations;
MnSO, + 2NaOH —-—» Mn(DH)2 + Na,SOd
4Mn(OH)2 + O; + 2H,0 —— 4Mn (OH),
Mn(OH), + H,S0, — MnSO;, + 2H,0 + O
2KI+F.80,+ 0 —— K80, + H;UF T,
2Nz, 8,0, + [, —— ¥ -1.,3 Of + 2Nal
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CHEMISTRY LAB-LI ' o

Chemistry i3 an experiipental science. Chemists prepare new compounds and catry out . y
experiments 1o investigate their composition and structure for putiing them to proper use. SN
This laboratory course has been designed to familiarise you with the principtes involved L _ ’
and various cxperimental techniques and apparatus used in the preparations and ’
purtfication of inorganic compounds and their analysis by classical chemical methods.

R oY

The course contains two blocks. Block 1 eats with inorganic nreparations and
gravimetric determinations. It staris with describing in Unit 1 the safety rules which have
to be obscrved in a chemistry laboratory. It describes the kind of apparatus that is used and
various laboratory operations relevant 1o this comse. In Unit 2, we discuss how (o prepare
and purify inorganic compounds. Tn Unit 3, we describe some experiments for gravimetric
determination of certain inorganic ions. -

Block 2 deals with the qualitative analysis of the mixtures of inorganic salts. In Unit 4, we

discuss the scheme of detection of anions in inorganic mixtures, Unit § deals with the

principles involved in the analysis of cations, whercas in Unit 6 we discuss the actual '
sclieme of analysis of cations. This scheme of analysis of the mixtores of inorganic salts

not only enables you to test the presence of ions in a mixture, but it is also one of the most_

effective ways to learn the chemistry of elements and the principles of equilibria in

aqucous solution. :

Objectives . gy
After studying this course and performing e experiments set for you 0 do, -you should be
able to: ' . ‘ -

take proper safety measures while working in a chemistry laboratory,

perforin common laboratory operations such as heating, evaporation, precipitation,
digestion, ﬁln‘alilon, drying, ignition, cooling, weighing, etc. ‘

identity and properly handle the laboratory apparatiss,

prepare and purify simple inorganic compounds,

perform gravimetric daienninaiiqns'of cerfain inorganic ions,

erform qualitative analysis of mixiures of inorzanic salts,
Y &

2 ®» & @ O

discuss the principles involved in the nreparaﬁz;—n' and analysis of inorganic
compouads and ' o

@ perfonn calculations relating to the preparation and analysis of morganic compounds.
Study Guide , '

This laboratory course is of 2 credits and involves six days of iniense work, You would be
required to perforn the experinents described in twe laboratory manuals of this course,
Each of the experiments would be graded and you would have to appear for the viva-voce
also. Seventy per cent marks are reserved for performing these set exptriments. At the end
of the course, you would be required to perform assigned experimeats, which would be
similarly praded. 30% marks arc reserved for the assigned expwriments,

We would advise you to study these mannals befare vou come to attend this course, This
will enable you to get the maximum bencfit from his COUrse.

The maintenance of 2 complete and up to daie tecord of your laburatory work is an
important part of your scientific trainiug. For secorGing experimental data, laboratory nole
books are availabie in the market. Purchase o 80-100 page chemistry note book for this
course. Bring the laboratory manuals and your iaboratory note book daily to the
laboratory. For each experiment, you should wriie down the title of the experiment,
principle, observations, calcuiations and ke resudt. While performing an experiment, you . A '
can‘note down your observations immediately i5 ths space given in the manoals. After the

experiment is complete,. you should record it in vour note book. The laboraiory note book ‘
should be submitted to your counsellor for correctious and grading. Marks have been B
allotted for doing the experimeants as well as for recording them properly. _ A




BLOCK 1 INORGANIC PREPARATIONS

AND GRAVIMETRY

This block deals with the preparations of simple inorganic compounds and quantitative”

determinations of some inorganic ions. In Unit 1 we describe the safety rules, which you
should observe while working in a chemistry laboratory. We also discuss the importarice
of keeping a record of expériments which one performs in a laboratory. We describe how
to perform various laboratory operations, such as heating, evaporation, precipitation,
digestion, filtration, ignition, cooling and weighing, which are relevant to this course,

In Unit 2, we discuss the preparation of three simple inorganic compounds-potash alum,
potassium trioxalatoferrate(III) and tetraamminecopper(1l) sulphate. We also describe how

“to purify these compounds and how to calculate t]l'eir'percent yield.

Unit 3 deals with gravimetric analysis. In this unit, we discuss the determination of

aluminium, copper, iron and sulphate ions in water soluble compounds. _ g

Objectives

After studying this block and performing the experiments set for you to do, );ou should be
able to:

o identify and properly handle the laboratory apparatus,

® perform common laboratory operations, such as heating, evaporation, precipitation,
digestion, filtration, drying, ignition, cooling, weighing, etc.

. prepare polash alum, tetraamminecopper(II) sulphate and potassium
u-ioxn]aloferrate(lll), ‘ .

calculate percent yield, and’

® perform the determinations of aluminium, copper, iron and sulphate ions by
gravimetry, = :
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UNIT 1 APPARATU” AND EXPERIMENTAL |
TECHNIQUES | | ‘_

STRUCTURE

1.1 Introduction

12 Laboratory 'Safsty - - ' .
1.3 Laboratory Notz Book

1.4 Lahoratory Apparatus and Operauons

Heating
Evaporation
Precipitation -
Di.estion
Filtration .
Drying and Ignitioﬁ_:."' Precipitates .
Cooling
Weighing
1.5 Common Laboratory Reagents

L.5 Summary

1.1 INTRODUCTION .

n this unit we will discuss some of the common experimental techniques which you will
15¢ for carrying out experiments in this Chemistry Laboratory course. We will also
lescribe the apparatus required for various experiments, in addition to the common
aboratory apparatus with which you are already familiar. Safety in laboratory and
reparation of a laboratory ncte book are very important aspects of any laboratory course.
Ne will, therefore, first of all describe the safety measures, which you should always take
n'a chemistry laboratory, and how to prepare a laboratery note book. -

Jbjectives
Afier studymg this umt you should be able to:

» take proper safety measures while worl\mg ina chemzstry laboratory,
v record experimentsin a laboratory note book,
»  identify and properly handle the laboratory apparatus, and

»  perform common laboratory operations such as heatitig, evaporation, premp:tauon
digestion, filtration, drying, lgmtmn coolinp, wclghmg, elc.

P.Z.LABORATORY SAFETY ' . . B

-hemis:ry laboratories are potentially dangerous places because they contain inflammable
quids, poisonous chemicals and fragile glassware. Where high pressure cylinders of gases
re used, they also pose a potentia® dar22r, Safety in !aboratory is important not only to
ou, bit to cther students and staff also i the 'aboratory. Therefore, proper precautions
1ust always be taken and safe experimental procedures must be followed wh:lc working
13 chemistry laboratory.

om= mporthnt general safety precautions are given below. Any special precautions or
afely measures, if required, are given in the particular cxpenmcnr.s You should read all
163E C vrefully and follow thcm faithfully.
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Googgiie Prepirations nd Gravimetey

e

Wea.r a lab coal or an apron when worl mg in the lab.

Be familiar with the layout of the labotalory especially where fire cxlmgmshcrs, “
blankets of the first aid box is.

@ Learn the location of the nearest exits from your laboratory to the outside of the
building.

Never work alone in the laboratory.

Always wear safety glasses or goggies in the Jaboratory. Even if you are only washing
glassware and are not doing any work youggelf, oier students working nearby may
have an accident that involves yoi, Unhite minty chemtical reaciions, damage lo eyes
is irreversible. If you wear speciacles, make sure that Un,y contain shatter proof
lenses.

@ Check the glassware before using. It shouid not have any cracks or impcnfcctiuns.

© Almost.all organic liquids are inftainiable snd therefore should never be heated on a
naked flame. You.should use a water bath, an oil bath or an clectric hot plate,

©®  Keep the test tube pointing away from yourse If and cibers while heating it ona
burner.

® Most of the chemicals you vill work with are mxcnnnuq o some degree. Even
common substances such as merciwy, benzene and ciwbou tetrachloride are poisonous
and potentially dangerous. Therefore, all chemicals must be handled with caution, As
far as possible direct contact with skin must be avoided. Rubber or plastic gloves can
be worn while handling especially toxic compounds. Mever taste anything unjess.
specifically directed to do so. Avoid inhaliag vapours of any compound. A lisl of
some hazardous chemicals and their harsaful effects is given in Table 1.1, '

Table 1.1 : }stt of hinzardons r‘w: £3 newd their effenis

_-Ha'r.nrdouq Chemienls Bffen

Moss of these are very dangerous
but only if swallowed, AgN(),

" Salts of Ag, As, Ba, Cu, Hg,
‘Ni, Pb, §b, T1, V, C,0, 2',F‘

cHOMn
I'I zs

SO,. NOy, Cl,, Bry, I,
HNO,, H,50,, HF-

HCIO,, HCIO, and lhen Sakis

Chlorinated alkanes,
e.g., CHCl,, CCl,

Benzene
Benzoyl chloride
iither. ethano!
Nitrobenzene
Phenol

callses caustic burns.

Almos! as poisonous as FICN.
Exposure dulls the sense of smell.

All are dangerous as well as
unpleasant. When concentrated,

all cause rapid destruction of

the skin; HF is &specially dangerous.

Highly oxidising

Most of these are nareolic,
causing mental confugion.

Toxic vapours causing dizziness,
Irritant. .

Very highly inflammable

Tozic vujgours. -

Burns the skin.

® A fume hood must be used for handiing dangerous substances and for carrymg oui

- reactions in which noxicus gases ave ev otved.

® Ask your Counsellor for safe disposai of chf,-nm;a:ls and glassware, Never pour
solvents and other chemicals into éhe sink, put them mlo special containers for waste.

o - Do not throw used ﬁlter papers or broken-glassware into the sink, put them in
dnstbins.

& Wash your hands with soap when you leave the laboratory afier doing an experiment.

@ Ensure that gas and water taps are Ci0scd vefore leaving ihe Jaboratory.

Fowever, even if you are a careful worker and follow the general rules of safety, the

~ccidents can occur-that’s why they are called accider+<. For such occasions, you must be
fully equipped and must know what to do'in such & case. There should be a first-aid box in
every Jaboratory containing some common things like Lctiol, Burnol, Band-aid. bandages,




cotton, etc. Generally, the most common accidents that occur are cuts, buras, fires,

poisoning and rarely, an explosion. Let us see one by one, what first aid should be given to .

a gtudent, when such a mishap occurs.

i) Cuts: The most common acciden*: in the chemistry lab are cuts from broken
glassware. If you have a cut, wash the wound well with cold water immediately. If
bleeding is severe, apply pressure directly on to the wound to stop the bleeding. Then
an antiseptic cream can be applied to the wound with a proper dressing.

ii) Burns: Bums generally cansed by hot eqmpmem: can be treated as the cuts are
treated, that is, wash the burnt part with cold water for sometime and then apply
Burnol to it. Burns are very often caused by chemicals too. Table 1.2 g:ves you a list
of remedies for a few chemical reagents

' iit) Fire : A small fire in a beaker, caused by the vapours of an inflammable liguid, can
be eangulshed by covering it with a watch glass. :
If the clothes catch fire one should Iie on the floor and fire ¢an be smothered by
wrappmg a blanket around the body .

iv) Polson-ng If one happens to swallow a poisonous chemical, plenty of water should
be given if the person is conscious. For a corrosive poison, calcium hydroxide
golution (lime wate.} should be given as soon as possible. An aniidote should be given

_ only in the case of ton- COITOSive poisoas, ~

v) Dxplosion Sometin. s a faulty teachnique during the experiment can lead to-an
axplosion. You shoula work with highly oxidising or explosive chem:ca.ls ouly under
strict supervision.

Table 1.2 : Remedies for a few chemical reagents’

Chemical . " Remedy

Acids like HNO,, H,S0,, HCI Wash with NaHCO; or 2M ammonium
) carbonate (leaves no residue on clothes), then
apply vaselinc or a soothing cream.

Alkalies, e.g., NaOH, KOH etc. Wash with IM acetic acid, then apply vaseline or
a soothing cream.
Bromine _ Wash with 2M Ammonia, keep the affected part

dipped in.NaHSO, till bromine is washed off,
then apply vaseline.

-Phenol ' ' . Wash with ethanol and then hospital treatment.

Sodium . ' T Ethq,nol orl a cotton wool pad.

13 LABORATORY NOTE BOOK

One of the most important cha.ractenstws of a scientist is the habit of keeping good record

of the work that has been done: The record should reflect all the planning that has goné in

as well as the observations 2t variovs stages of the experiment. A chemist must observe

_ things like whether there was a colour change whien the reaclants were mixed or a reagent

was added to the solution, whether a precipitatie was foriaed or a gas evolved, was the
reaction exothermic, and record them. These cbservations may appear insignificant but
provc helpful in correct interpretation of ap zxperimental result, s

r

While prcpmng a laboratory note book {the following important featrres may be kept in .
mind. i ‘

.0 Recerd all observations and data in the note bbok at the time they are obiained. Never
' use scraps of paper for noting things like weights of reactants taken, melting or
boiling points, etc. They might get lost or mixed up.

@ The recnrd should be so thorough and well organised that on reading it, it should be
possible for any one to understand what has been dorie and repeat it. It may notbe
necessary to copy out thz exact procedure, since this is given in your laboratory

- manpal. However, resrlis should be summarised, conclusions drawn for each
. experiment and explanation provided if the results vary from those expected Certain
marks have been allotied for maintaining a good laboratory note book

Apparafus and Experimental-
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Fly 1.1 . A copper water bath

®  The laboratory note book is a complete log of all operations. Dates, time and other
informarion must be entered regularly. :

e A boﬁnd note book should be used for laboratory record. Special laboratory note
books are available, one side of the pages being ruledl and the other side blank. ,

® All entries must be made in ink. If you commit a mistake, it shouid be croés:d and
correct eniry should be made. ' - T

® The first few pages in the note book should be lcft_fof' making a list of contents.

JECPI (P §- WP ey i

1.4 LABORATORY APPARATUS AND OPERATIONS

Wet chemical analysis and preparatory chemistry require the use of apparatus and
laboratory operations with which you should become familiar. It is presumed that you are
already familiar with common laboratory apparatus and glassware such as test tubes
boiling (ubes, beakers, conical flasks, watch glasses, funnels, glass rods, glass tubes, china
dishes, pipettes, burettes, burners, testtube stand, funnel stand, turette stand etc. In this
£action at proper places we will familiarise you with some more slass ware and apparatus
which will be used in various experimeats in this course.

Heating, evaporation, precipf‘ai.:ion,',digc'stion, filtration, drying and ignition, cooling,

‘weighing are some of the important laboratory operations which you will perform duiring
this course. Let us study these, operaticns and the apparatus requiréd for them in some

detail,

1.4.1 Heating -

Heating is one of e common operations which you frequently perform in a chemistry
laboratory. You .2sort to heating €cr a variety of reasons, Heating increases the solubility
Lof most substa-:ces. It also increases the rate of chemical reactions. You have to heat .
substances to iry them. In gravimetric analysis, the precipitate is sometimes heated to a
Bxigh temperzture to convert it inio a compound of constant composition. '

In this labaratory ¢ avrses, you will use the followir.g heating devices:
i) Buosen bumer - ' ‘ '
i) Wetsrkem o 0

iii}. Ele~ric oven

'iv) Mvifle fumace”

The Beasen burner i widely employed for heatirg in an inorganic chemistry laboratory. It
is'use? to attain moderately high temperatures of up to 600°C. The maximum temperature

is at*zined by adjust'ng the regulator so as to admit rather more-air than is required to
pro-ucs a non-liiminous flame., '

Boi’ing Wats- baths are used for heating solutions up to 100°C, for slow evaporation of

- "quids to ~zduce their volumes and for digestion of precipitates. The simplest form ofa
water hath lS a beaker in which water is boiled. The vessel to be heated is kept on the rim
of the beaker. Copper water baths as shown in Fig. 1.1 are commercially available. These
have a copper,bowl fitted with a series of copper rings to adjust the size of opening. This

allows heating of vessels of various sizes. The bath is partly filied with water and heated _
on 2 burner or electrically. ‘ - :

Electric ovens or drying ovens are very convenient hzating devices. They have a

. temperature range from room temperature to about 300°C. The lemperature can be

thermostaticaily ¢ontrolled ‘o within + 1-2°C. They are used mainly for drying solids or

: p_:‘ecipitates and glasswarc at comparatively low cortrolled températures.

Elccl.ﬁca]ly heated muffle furnaces are used to i gnite saniples to'high terhperatur'cs' either

- ta buen organic matter prior to inorganic analysis or to convert precipit.fes to a weighable

form in gravimelric analysis. Temperatures of up to ‘1200°C_can be attained with muffle
fumaces. : - :
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142 D.raporauon :

During experunems you may be asked to reduce the volume of a solution. Someumes you
may have to evaporate a solution to dryness. Both these operations can be conveniently
carried out in a porcelain evaporating dish. Rapid evaporation can be achieved by heating
the dish conta.mmg the solution directly on a wire gauze. If the solution is to be vaporated
slowly, a water bath may be used in place of the wire gauze. If corrosive fumes may
evolve during evaporation, the process must be carried out in a fume hood. When
evaporating to dryness, in order to avoid bumping and spatiering, you should remove the
dish from the bumer whilst there is still a little liquid left. The heat capacity of the hot
dish is sufficient to complete the operation without further heating. .

You may also accomplish the reduction in volume of a solution by direct heating in a

small beaker over a wire gauze or by heating in a boiling iube held in'a holder by a naked
flame. But while evaporating in a boiling tube, care must be taken that the liquid does not -
bump violently. :

143 Prec.lpltatmn ‘ . - _ .

Precipitation is one of the most lmportant operations wh:{'h you are very frequently

required to perform in wet chemical analysis. Precipitation is a process in which ions

present in solution are converted into an insoluble compound called precipitate by the

- addition of another compound called precipitant or precipitating reagent. Precipitation is
ngyallv carrizd out in test tubss (in qualitative analysis) or in beakers (in guant.itative

analyzis). . ’

The solution of precipitant is added slowly tiy means of a dropper, pipette or burette and
with efficient stirring. The solution of the precipitant is added down the side of the
precipitating vessel by avoiding'splashing. Only a moderate excess of the precipitant
should be added. A very large excess of precipitant may sometimes lead to dissolution or
contamination of the precipitate. After the precipitate has settled, a few drops of the
precipitant should always be added to ensure complete precipitation.

.In qualitative analysis, the cations of Group II and IV are precipitated as their sulphides by
.passing hydrogen sulphide gas in their solution. A stream of gas from a Kipp's apparatus :
(Fig. 1.2) is bubbled through the solution contained in a test tube, béaker or conical flask. Flg. 1.2 : A Kipp's apparatus
Since the gas is absorbed slowly, most of il escapes into air ard is wasted. Yoo should be ' -
aware that the gas is highly poisonous. Therefore, the gas should be used only in a fume

‘hood and unnecessary exposure should be avoided,

1.4.4 Digestion

In grav:metnc analysis, to ensure complete precipitation and to make all parncles of

- filterable size the precipitate is digested before fliration. DlgﬁStIOﬂ also helps in rcducmg
the amo_unt of absorbed impuries. In some cases digestion is carried out by settling the
beaker aside and leaving the precipitate in contact with the mother liquor at room

- temperature for 12-24 hours. In others, where a higher temperature is permissible,
digestion is usvally effected by beating for 15-20 minutes near the bmlmg point of the.
solvcnt The beaker is kspt cov=red by a watch glass with its convex surface downward.

1.4.5 Filtt_'atipn '

Filiration is the process of separation of a solid (crystals or precipitable) from the liguid
(mother liquor). Filtration is a very important and commonly used operation in chemistry
- laboratory - Filtration can be carrizd owt either under atmospheric pressure (ordinary
ﬁl.rauo.l) or under reduced pressure (suction filtration).

Flltcrs for ﬁltenng precipitates are of vanous types. We wx]l discuss here three types ¢
them: ) . .

i) . Filter papers |
'ii) Sintered glass crucibre ' T,
1i¥) Porcelain-Bucner funnel
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Fig. 13: A properly folded {ilter
paper

Flg. 1.5t A sintered glass
crucible

LU

Filter paper is frequently used to filter precipitates in qualitative analysis. In some
gravimetric estimations, the precipitate is ignited at a high temperature to convert it to a
well-defined compound of known composition. For example, Fe** is precipitated as
hydrated iron oxide, Fe,04.xH;0, and ignited to Fe,O, before weighing. When a
precipitate is to be ignited, it should be collected in a ashless filter paper which leaves

little residue on ignition. Filter paper is suitable when the precipitate is not eas:ly reduced

by the action of cnrbon of the paper on ignition.

Filter paper for quantitative analy31s is made of various degrees of porosity. The filter
paper used must be of such porosity as to fetain the smallest particles of precipitate and
yel permit rapid filtration. Filter papers of three grades are generally made, one for very
fine precipitates such as BaSOy, a second for average precipitates such as-AgCl, which.
contain medium-sized particles, and a third for geldtinous precnpltates such as
Fey05.xH;0.-

By proper folding and fitting of the filter paper in the funnel the rate of filtration can be
"increased. ‘., properly folded filter paper is illusted in Fig. 1.3. The circle of filter paper is

fplded evactly ir balf. This is folded again in quarters in such a way that the verfices of

the two quarters do not coincide, but are displaced about 3 mm at the corners. The outside
comer of the paper is then tom off and the paper placed in‘a glass funnel in such a way -
that three layers of filter paper are on one side and a single layer on the other. To seal the
paper into the funnel, the paper is moistened and the upper part pressed gently against the
walls of the. funnel with fingers. The upper edge of the filter paper should be about 1 cm
from the upper rim of the glass funnel, The filter paper should never be more than about

_ two-thirds full ‘of the solution. After the filter paper is seated in the funnel, the liquid

containing suspended precipitate is poured down a glass rod into the funnel as illustrated
in Fig. 1.3. Care must be taken in transferring of the precipitate to avoid losses. The
particles adhering to the beaker or rod are removed by scrubbing with walls with a
moistened rubber policeman. Wash the remainder of the foosened prec:pltate t‘rom the
beaker and from the pohccman into the funnel.

Glans ‘tod

Beaker with
precipi'ale and
mmhef liquer

Conclal furnel

Resciving beaker

Fig. 1.4 : Procedure for fiitering & nrecipitate

After the precipitate is transferred to the filter, it 1s washed with five or six small portions
of wash liquid. Add the liquid around the top edg:c of the filter paper to wash the
precipitate down into the Junnel. Each pomon shouid be allow ed to drain before adding
the next one,

’

Ordinary filtration is generally a slow operation. It can be speeded up by use of suction
filtration. If the precipitate does not need to be ignited, it is most conveniently collected in
a sintered glass crucible (Fig. 1.5) by sv-tion filtration. This crucible has a porous disk
that allows liquid to pass through, but - tains solid particles. Suction can be applied by
means of a water pump. Water pump sucks out air, reducing the pressure inside the -
filtration flask and thus speeding up the rate of filtration.

T - 1 Trv—
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When a large quantity of precipitate or any other solid is to be filtered, a Buchner funnel,
which is shovn in Fig. 1.6 is employed. The Buchner funnel consists of a porcelain

funnel in which a perforated plate is incorporated. A filter paper circle, cut correct to size

covers the perfiorated plate. The Buchner funnel is fitted into the filter flask by means of a
cork. The filte: .iper is wetted with water and suction put on before pouring in the
solution to be tiltered. A suction filtration unit consisting of a porcelain Buchner funnel, a
filiration flask and a water pump is shown in Fig. 1.7.

Fig. 1.7 : Suction ftration vsing a Buchner funnel

1.46 Drying and Ignition of Precipitates

In gravemetrié ana]ysm after a precipitate has been filtered and washed it must be brought
10 a constant composmon before weighing. This is achieved by drying or ignition of the -
precipitate. Whether a precipitate should be dried or ignited depends upon the naturé of |
the precipitate and upor the type of filtering medium used. The precipitates such as -
BaSO4. PbSQy, PbCrO,, AgCl, nickel dimethylglyoximate become dry and acquire a°

. constant weight on heating up to 250°C. The precipitates of this Lype ¢an be conveniently
filtered in a sintered glass crucible and dried in an electric drying oven. Here we would
like to point out that the precipitates of the above type can also be filtered in an ashless

. gravimetric filter paper and then ignited to a constant weight. But ignition requires a
higher temperature of up to 1200°C. Therefore, it is mdre convenient to filter them in a
sintered glass crucible and then dry in an electric drying oven. On the other hand, the
gelatinous precipitates such as those of Fe,0;.xH,0 and Al(OH), clog the pores of
sintered crucible and therefore, are filtered through an ashless filter paper. They also have
a variable composition and should be ignited to convert them into a formh of constant
composition (such as Fe,0; or ALO,) suitable for weighing. Calcium is oftén precipitated
as the oxalate, CaC,0,, which is not weighed as such but is decomposed by ignition to
‘Cad and then weighed. .

Place a smca crucible on a clay pipe triangle kept on a tripod stand (Fig. 1.8). Heat the
crucible strongly for half an hour on 2 Bunsen burner flame. Remove the burner and
allow the crucible to cool in'air for 2-3 minutes. Then place the crucible in a desiccator
‘with the help pf a pair of tongs (Fig. 1.9). Allow the crucible to attain the room -
temperature and then weigh it, Repeat the progess of heating, cooling and weighing till Lhe
weight of the. ¢ crucible becomes constant.

Detach carefully the well drained filter paper containing the precipitate from the funnel.
Fold the filter paper into a packet so as to completely enclose the precipitate. Place the
_packet into the weighed silica crucible supported on a clay pipe triangle and tripod stand,

Tilt tne crucible slightly and paftially cover with the lid.

Place a small flame under the crucible so that the filter paper and the precipitate become
dry. Then increase the flame slightly so as to slowly carbonise the paper. Do not allow the
paper to burn, as this may cause a mechani¢al loss of the precipitate. If the paper catches
fire, put ~£5 the fire by covering t£2 crucible with the 1id with the help of a pair of tongs.

Apparatus and Experiments)
Techniques

Flg. 1.6 : A Buchner funsei

0

Flg.1.2: A pulr of tongs
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Inorganic Preparations and Gravimetry ~ When the paper has compietely carbonised, increase the size of bumer flamc until the
bottom of the crucible is heated to redness. Continue heating strongly until the carbon
residue is burnt away, Cool the. crucible in a desiccator and then weigh. Repeat the process
of heating, cooling and weighing till the weight of the crucible with the precipitate
becomes constant, : : ’

ES 5 W7 £ By o TR W cnead

Fig. 1.8: Heating u silica crucible | ) 2
147 Cooling -~ -~ R %

After the crucible and the precipitate have been dried in an electric-drying oven or heated
strongly on a bumner flame, they should be cooled to room temperature before weighing.
Cooling 1is done in a glass desiccator shown in Fig. 1.10. A desiccater is an airtight
container that contains a drying agent or desiccant such as anhydrous calcium chloride. ‘r i
The desiccant absorbs moisture and keeps the air dry in the desiccator; The desiccant bas i
‘o be changed from time to time as it becomes spent after absorbing moistore. The I
interface between the lid and the body of the desiccator is greased to make an airtight seal,

The correct way to open a desiccator is to slide the lid sideways until it can be removed.

When placing the lid on the table, the greased surface should always be kept upwards.

Fig. 1.10 : A desiceator

1.4.8 - Weighing

E=r =1}

In gravimetric analysis, you will be required to determine the mass of the precipitate
accuracely by weighing. It is, therefore, essential to learn the correct use of an analytical
balance because accurate weighing is important for the accuracy of the resuli of .
gravimetric analysis. ' ' ' '

You might have leamt the use of an analytical balance in the Chemistry Lab-I course. If
you did not study that course, you would get an opportunity of using an analytical balance o
in this laboratory course. ' . ' ‘ |

A commonly used analytical balance is shown in Fig. 1.11. The various parts of the ‘
Ze.o point is the point on the . - balance are labelled in the figure. Before using the balance, you have to first determine the
scaie at which the pointer of the zero point of the batance. For this purpose, the side doors of the balance are closed and
"T"caded balance comes to rest. the arrest knob(1) is slowly and carefully turned counter-clockwise. A void jerks as they
_may disturb the setiing of the balance. ' ‘

-When the arrest knob is turned fully to the left, the pointer (2) starts swinging around the -
‘centre of the scale (3). The first two swings are ignored and starting with the third swing,

.. . the extreme positions of the swing are-noted, The swings to the right are positive and those
Ideally the 2ero point should . to the left are negative. The readings to the left and right are averaged separat=y and the

coincide with the middle-or the - mean of these averages is found, which is the zero point. The following example will
zero of the scale.” ) o

make it clear,

12
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I -50 - : +50 A
2. =40 . +40 R i
3. -30 g +3.0 J
4, =20 s
-14.0 +12 : - E
-14.0 120
Average = ——— =35 —_— =4
. 3 )
-35+4 ‘
Mean Value &= ———-— =0.25 4
The zero noint is +0.25, i.e., 0.25 units to the right, H
Such smatfl dlscrepancxes bet_ween thezero point and the middle of the scale may be g
ignored as they are insignificant. However, if the deviation is large, ¢.g., greater than 1.5 i
umts, the balance must be adjusted by means of the screws (4), for which you may request
your counseller.
77 e é
— ) \ - i.
4 8 _y 7 s
Ve 4
A A
Q v
Q OC,

7 7 .
Fig. 1.11 ; Anelytica] balance

- After adjusting the zero point of the balance (if neccsszuy), we come to actual weighing.
For this purpose, we use a glass or a plastic weighing bottle, Fig. 1.12. First of all, the
weighing bottle is weighed on a rough balance to find its approximate mass to the nearest
gram. Then, the left side door of the analytical balance is opened and the weighing bottle
is kept on the left-side pan (5) and the door is closed. Similarly, through right side-door,

~ Flg.1.12 : Weighing bottle




worgznic Preporations and Gravimelry  weighls'equal to the approximate mass of the weigh;ng botile are transferred totheright
C side pan from a weight box (Fig. 1.13)." :

You must close both the doors of the balance before ralsing the pans with the arrest
{unob, ‘ . . )
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500mg 200mg 200mg .100mg 50mg 20mg 20mg 10mg Ing

e ‘ Fig. 1.3 : Welghe box and welghts

The arrest knob is once again turned to the left and the movement of the pointes is seen, If it
moves more to the left, then the weights transferred are in excess of the mass of the bottle.

A1ways usc forceps to transfer In that case some weights have to be-removed. On the other hand, if the poinier moves to

e weights, Refrain from using the right, then the added weights are not sufficient and we need to add more weights. Asrest

v hunds, the movement of the beam by tuming the arrest knob fully towards the right and open the
right side door to add or remove some weight(s), as the case may be. Recheck the )
movement of the pointer by turning the arrest knob. Continte this process till the addition of
1 gram weight makes the right band pan heavier while its removal makes it lighter, e.2., if
the weight is say 15.5 g, then 15 g weight would be lighter and 16 g weight would be
heavier. After this, the fractional weights marked in mg, have to be added in the order of
decreasing weight till the two sides are balanced. Do not use fractional weights of less than
10 mg, you should use a rider in such cases. A rider, Fig. 1.12 is a thin metallic wire
suitably bent to be seated on the beam of the balance. It is normally ut on the right hand side
of the beam (6) with the help of the rider carrier (7). By varying the position of the rider on
the beam (8), the'rest point is found, i.c., the two pans are balanced.

The beam scale has got markings from 0-10 on either side. It is calibrated in such a way that
each main division is numerically equal to mass in milligram, when the rider is put on it.
& rider Is used for niass Each main division is further divided into 5 subdivisions and each subdivision is equivalent
ijustments below 10 mg/.01 g. to 0.2 mg. Thus the accuracy of such an analytical balance can be only up t0 (.2 mg. The
mass of-an object can be calculated using the following formula :

Mass of the object = (Weights added in grams)
+ (Fractional weights added x 0.001) g
+ (Main division of the rider position x 0.001) g
+ (Subdivision of the rider position x 0.0002) g

Let us illustrate the use of this formula. Suppose that while weighing an object, the weights
added to the right sidc pan are 15 g, 200 g and 2 x 20 mg. Let the rider position be 2 on
the main divisions and 3 on the subdivisions. '

‘Then the mass of the object

=15.00 g + (240 x 0.001)g 4+ 2 x 0.00)g 4 (3 x 0.0002)g
= 152426 p.

You have, so far, seen how to weigh an object accurately. If wé want to weight a substance
in the weighing bottle, we make use of the method of weighing by difference. For this, the
weighing bottle is first approximately weighed. The substance to be weighed is put into the




bottle ( a little more than required) and weighted accurately (w; g). The substance is then
transferred into a container (¢.g., beaker, volumetric flask) and the bottle is again weiglied
~accurately (w, g). The difference of the two weights, i.e., (wy - wy) gives the exact amount
" of the substance transferred. '

Weight of substance transferred, w

= Weight of the bottle with substance
~ Weight of the bottle after transferring the substance
or Wy - W g.

15 COMMON LABORATORY REAGENTS

You will be using a number of reagents and chemicals during your experiments. There are
1ab assistants to help you to get these reagents. Most of these chemicals are kept int the
reagent selves and are properly labelled. The bench shelves have mostly the liquid reagents
which include hydtochloric, sulphuric and nitric acids. Besides these, other sohitions like
silver nitrate, ammonium hydrcxide, sodium hydroxide, barium chloride, etc.. may aiso be

_ kept there. You have to be very careful while using all these, especially, the acids. .
Mishandling any chemical may result in injury. You should thoroughly read :he Section 1.2
in the unit before starting your experiments, which tells you about some safety measures in
the laboratory. .

The solid reagents are usually kept on a common table. You should use a spatula and take
only the required amount of the compound frem the bottle or the pack. Don’t wasté any  *
chemical. The liquid reagents shouid be taken with the help of droppers. :

The special chcmi‘c;éls and solutions required for any 'j:a:ﬁcular experiment will be provided
by your counsellor at the time of performing the experiment.

Apparatus snd Experimental

16 SUMMARY |

In this unit we have discussed the safety measures, which you should take while working in
a chemistry laboratory. We also described the importance of keeping a record of
experiments which you perform in the laboratory. We discussed the various laboratory
operations which you would perform in this course. We also familiarised you with the
common apparatus, which you will require for performing various experiments in this
course.
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2.1  Introduction

2.5 Summhry _

Objectives

" The names and gram formula werghts of i unportapt compounds involved in this

UNIT 2 INORGANIC PREPARATIONS

STR.UCTURE

Objectives
2.2 Expefim,cnt 1 : Preparation of Potash Alum
23 Experiment2 : Preparation of Tetraamminecopper(Il) Sulphate Monohydrate

24 Experiment3 : Preparation of Potassium Trioxalatoferrate(IIl) Trihydrate' , _' i

21 INTRODUCTION .

In Umt 1, we described various laboratory operations and the apparatus uwsedinan . - ;
inorganic chemistry laboratory In this unit, we will discuss the preparation and the :
purification of three inorgatic compounds - one double salt and two complexes. You will
have to prepare and purify thiese compounds during the residential school of this course.
You will perfonm qualitative tests on these compounds for identification of various ions
present in them., In Unit 3, . we will describe some experiments for performing gnwmemc
detlerminations of some ions present in these compounds.

After studying this unit, vou should be able to: _
® prepare and purify potasb alum, tetraanmmecopper(II) sulphate and potassium
~ trioxalatoferrate (III) tnhydratc

perform various laboratory operations involved in these preparations,

. calculate percentage yield of these compounds, -

explain the principles involved in the preparation of these compounds, and : _i
.perform qua.'htauve tests for various ions present in these compounds.

2.2 EXPERIMENT 1: PREPARATION OF POTASH ALUM

In this experiment you will leam how to prepare potash alem, which is a double salt.

2.2;1 .Principle

When a solution containing 'potassium sulphate and aluminium sulphate in equimolar
concentrations is evaporated to crystallisation point, a double salt commonly’ known as
potash alum is formed:

H'(aq)

KyS04(ag) + AL(SO3)s. 18H,0 (2q) + 6H,0 —» KpSO,. AL (SO, 24H,0 (ag)

expenment are listed below:

" Name o . Formuls : Gram Formula Weight g/mole
Potassium sulphate ‘ K,S0, © 174.25 .
Aluminium sulphate Al,(S0,);.18H,0 666.42

Potash alum : K;805AL(S0,),.24H,0 948 7%

2
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2.2.2 Requirements -
Chemicals ! Apparatos,_
Potassiuin sulphate. Beakers 150 em™ 2 No.’
Aluminium sulphate Bunsen burner 1 No.
Sulphuric acid Evaporating dish 1 No.
Distilled water Funnel glass - - 1 No. -
" Funnelstand  ° - 1 No.
N Glass rod 1 No.
Measuring cylinder 1 No,
Pordus plate ! No.
Tripod stand 1 No,
Watch glass 1 No.
Wire gavze 1 No.
Filter paper Few circles

2.2.3 -Procedure

Weigh 10 Og alumm 1 sulphate and powder it. Transfer to a 150 cm’ beaker Dissolve
in 25 cm’ distilled warer containing 2 cm’ concentrated sulphuric acid. Warm to drssol‘ 3
and add more sulphuric acid if necessary to gel a clear solution.

Wergh 3.0 g potassium sulphate and powder it. Transfer to another 150 cm® beaker. Add -
25 cm’ distilled water. Stir to dissolve. Warm if necessary.

Filter the two solutions through a previously moistened paper into an evaporating dish. .
Heat the solution on a wire gauze and coacentrate the soluunn io the crystallisation pomt,
till the rod dipped in the solution depcsits a crust on it.

Caver with a watch glass and allow the soiuiion to crystallise. When the crystallisation is
complete, decant the mother liquor and wash the crystals with 5 em® ice cold distilled
water, Dry the crystals by pressing them gently betwecn pads of filter papess. Allow to dry
-on a porous plate. Welgh the. crystals and record the yreld Calculatc the percentage yield,

2.2.4 Observaﬁons ‘

) ‘ ' Weight of potassium'fsulphatc_taken = g

(i) ° Weight of aluminium sulphate taken = g

(i)  Waight of potash alum formed = - 2
(experimental yield)

2.2.5 Calculation of Percent Yield

Your bjective should be to prepare as high a yield of potash alum as possible. To
méasure the efficiency of the procedure, you should calculate the pescent yield, wheze

experimenial yield
- % 100%

Percent yield =
theoreticat yield

The theoretical yield is the calculated maximum amount of product which might be
obtained under ideal conditions from the sterting materials. In an experiment, the
theorctical yield is seldem, if ever, reached. In this experiment, the thecredcal yield will
be the maximum ampunt of potash aku.m whzch mrgh* be obtained fro:n the specified.
amounts of starting materials.

In caleulating the theoretical yield, you should first calculate the moles of each reactant
and then find the limiting ft’agem The limiting reagent determines the theoretical yield-of
the product.

g of Al(SO,).18H,0 taken

No. of moles of AL(80,);,.18H,0 taken = .
gram u.2lecular weight

UGCHE-L 6{9A]
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-

" UGCHE-L 6(uB)

10.0

= ————e = (0,015 moles
- 666.42 , L
, = 3.0 '
No. of moles of K,80, taken = - = 0.017 moles
174,25

Since, aluminium sulphate and potassium sulphate react in equimolar ratio; the former is

. the limiting reagent becayse it is present in less amonnt. Thus the theoretical yield of

potash alum is 0.015 mo'.s The theoretical yield in gram can be calculated by
muluplymg the yield in moles by the molecular weight, -

'I’heoyet;cal yield = 0.015 x 948.26 =142 g

experi.uicmal yield -
Percent yield = : ' x100%
’ 14.2 :

226 Result

The percent yield of potarh alum = %

2.2.7 ‘Qualitative Tests

Dissolve 0.5 g of the salt in 5 cm” of distilled water in a test tube and perform the
following tests:

AP lons

" To 0.5 cm’ of aqueous solution,

i) add NaOH solution dropwise, a white precipitate will be formed which dissolves in
excess of NaOH.,

AP**{aq) + 30H “(aq) ——> ANOH);(H,0),(s)
AI(OH)3(H,0)y(s) + OH (aq) '—— [AOH),(H,0),] (aq) + H,0 ()
i) add agreous NH; solution, a white gelatenous precipitate will be formed.
Al*(ag) + 3NHy(ag) + 6H,0(1) — AKO),(H,0)s(s) + INH,"(aq)
K* tons

To 1.0 cm® of aqueous solution, add acetic ac1d and sodium hexamtntocobal!ale(ﬂl)
solution, a yellow precipitate will be formed.

2K*(aq) +Na*(aq) + [Co(NOz)ﬁl “aq) ~— KzNa[Co(NOZ)sl(s)
SO,* fons

‘To 1.0cm® of aqueous solution, add dil. HCl and BaCIz solution, a white precipitate will
* be formed.

$0*(a0? + Pa’(aq) ——> BaS0, ()

The above tests mdlcate the presence of K*, AI** and .304 ions in tre saIt

LIk Haau i 5 7 T g v

23 EXPERIMENT 2: PREPARAI‘ION OF

' TETRAAMMINECOPPER(IT) SULPHATE
MONOHYDRATE

. In this experiment you will synthesise a complex compound tetraamminecopper(1l)

sulphate monohydrate,

2 3.1 Principle

~ When agueous ammania'is added to a solution containing copper(Il) sulphate, a palé blue
precipitate of basic copper(I) sulpbate. is first formed. This dissolves in excess of agueous

ammonia solutivn giving a c'(,ep blue soluti~n containing the complex ion,

-
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tetraamminecopper(Il). Addition of 2t"anol (o this solution results in precipitation of a ' Inorganic Preparations
deep blue coloured complex, tetraan minecopper(Il) sulphate monohydrate:

&
2Cu™(aq) + SO,%(ag) + 2NH,(ag) + 2H,0(1) —— Cu(OH),.CuSQ,(s) + 2NH,*(aq)
Cu(OH),.CuSO4(s) + 8NH,(aq) —— 2[Cu(NH,),1**(aq) + 20H ~(aq) + 80, (aq)

ethanol
[Cu(NH, )4]7'*(aq) + SOf"(aq)

> [Cu(NH,),]SU,. Hy0(s)

The names and gram molecular weights of iraporiant compounds involved in (his
experiment are listed below:

Name o Formula Gram Formula Weight
Copper(II) sulphate CusQ,.5H,0 249.5

Ammonia NH, 17
Tetraamminecopper(Il) . [Cu(NH;),JS0,H,0 245.74

sUZ:hite morchydrate

2.3.2 Requirenients

Chemicals ' Apparatug

Coppzr(I) sulphate Beakers 250 cm® 1 No.

Ammonia{ag), Sp. gr. 0.88 (15 M) Bunsen burner 1 No.

Ethanol Buchner funnel 1No. : .

Distilled water o : Filtration apbaralus . 1No.
Glassrod . 1 No.
Measuring cylinder I No.
Tripod.stand 1 No.
Watch glass 1 No.
Waler bath 1 No.
Filter puper Few circles

2.3.3 Procedure , .. '

Weight out 2.0 g copper(il) sulphate and powder it. Add powdered crystals to a 250 cm®
seaker. Prepare ammonia solution by adding 10 cm® ammonia{aq) to 5 cm” distilled water.
slowly add ammonia solution to the powder with stirring until all the copper(Il) sulphate
lissolves resulting in a deep blue solution. Add 1-2 ¢m” of ammonia solution in excess.
Add ethanol dropwise and with stirring till a deep blue precipitate is formed. Heat the
reaker on a water bath at 60°C, stir and wait till the bive precipitate just dissolves. Cover
he beaker with a watch glass and set aside to crystallise. Beautiful dark blue needle like
‘Tystals separate after 1 hour. Filter off the crystals using 2 Buchner funnel and wash with _
-3 cm® ethanol at the pump. Allow the air to pass for 5 minutes.

‘ransfer the product to a watch glas, and dry in a desiccator. Store the crystals inra
veighed weighing bottle. ' ' ' '

Veigh the dry crystals. Calculate the per;:ent yield.

3.4 Observations

Veight of copper(Il) sulphate taken = g

Veight of tetraaﬁminecopper(ﬂ) =

ulphate monohydrats {cxperimental yield)

3.5 Calculations : - ' ‘ '
£« "CuS0,4.5H,0 taken

lo. of moled Af copper(IT) sulphate = ——
PRI oram 1olecular weieht . 19
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2.0 .
= ———— moles
‘ 249.5
~ No. of moles of complex formed = No. of moles of copper(ll) sulphate taken
o ' ' 2.0
2 e ——— M2G1ES
249.5

" Theoretical yield in gram = No. of moles x gram molecular weight -

2.0
e X 24574 = 197 g

2495 , .
- Experimental yield '
Percent yield L m— x 160%
Theoretical yield
2.3.6 Resuli
" The ;ercent yield of the tetraamminecoppex(il) sulphate monohydrate = %

2.3.7 Siructvre of the Complex

Tetraamminecopper(Il) sulphate s an example of a complex, in. which copper(Il) ion ic
bound to four unidentate ammonia molecules, The ccordination number of copper(Il) is 4.
The complex has a square planar structure (Fig. 2.1) and possesses one unpaired election.

Hjy

Flg. 1 : Struetase of [Cu(NHy), 1™ lon
This ca'h be explained on the basis of dsp2 hybridisation of Cu?* ion, which you mig&
have studied in Unit 14 of the CHE-02 course.” ' :
2.3.8 Qualitative Tests
Dissolve 0.5 g of the complex in 5 ml of distifled water and perform the following tests:
© Cu* ions . |

1) Take0.3 cm’ 6f the aqueous solution in a test tube. Acidify with acetic acid and add

K4 [Fe(CN)g] colution. Formation of a reddish browz precipitate confirms the presence ‘

of Cu™ jons. o
Cu™*(aq) + [Fe(CN))¥ —— Cu,y[Fe(CN)l(s)

i) Take 0.5 cm’ of the aqueous solution in a test tube. Acidify with acetic acid and add
K1 solution. Appearance of an intense brown colour due to the formation of triiodide
.ions (I;”) confirms the presence of Cu** ions. : :

2Cu*(aq) + 51 (aq) ——» 2Cul(s) + 1 7(aq)
NH; . | o
Take 1 cm’ of éi:iuet_)us solution in a test tube, add a few drops of NaOH solution and'heat.

Liberation of armhonia gas, which can be identified by its characteristic odour, indicates
 the presence of ammonia in the complex. ‘

[T




NH; (g) + H0 @) — NH,"(aq) +OH '(aqj '
NH,*(aq) + OH "(aq) —— NH(@) + H,0
50,> fons :

Take 1 cm’ of aqueous somSonina test tubo Ac:dlfy mth dﬂ HCl and add BaCl,
solution. Formation of a white precipitate confirnis the presence of 804 ions.

" 50,7(ag) + Ba**(aq) ——> BaSO,(s)

The above tests for Cu™, NH, and SO,* indicate that the complex is a labile complex
which undergoes rapid exchange of ligands in solution.

.
L

24 EXPORIMENT 3 : PREPARATION OF POTASSIUM
TRIOXALATOFERRATE(HI) TRIEYDRATE -

In this experiment, you will synthesise the complex compound potassmm
trioxalatoferrate(III) trihydrate. : .

24.1 Principle'

The synthesns of potassium trioxalatoferrate(IIl) is achleved in two steps. 'I'ho first step
consists in preparation-of the. yellow iron(II) oxalate from' ammonium ir:n(II) sulphate by
reaction with oxalic acid in the présence ot‘ dilut - sulphuric acid.

The second step involves the oxidation of m'1{Il‘ oxz:iat= with }1'102 in e presence of
- excess oxalate ions when emerald green crystals of potassmm trioxalatoferrate(1IT) are
obtained.

Step 1
H,0* . -

Fo(NH.,)z(804)2(aq)+H2(}204(aq) —— FeC,0,. 2H20(s) + (NI-L);SO.,(aq) +HZSO4(aq)
Heat

Step 2

o : Heat
: 2F3C204.2H20(S)+H2C204(3:q) +H202(aq) + 3K2C204(aq) —--'-'> 2K3 [FC(C204)3]3H20(S)

The names and gram formula we:ghts of i 1mportant compounds involved in l.bxs
experiment are listed below:

Name ’ o ‘Formula i Gram “ormiila
: © Weight g/mole
Ammonium izon(IE) ' Fe(NH,),(S0,),.6H,0 392.13
sulphate L
Oxalcacid - H,C,0,2H,0 12607~
Potassium oxalate - K:Ci0.HD . 18425
Hydrogen peroxide H,0, 4.0z
Potassivm trioxalatoferrate(II) K;[FC(CZO,,);. 5 3H20 ‘ 45 .25

2.42 Requirements

[. Chemicals _ ‘ Apparatos
Ammonium iron(I) sulphate . Beaker 257 cm’ "~ 1No. .
Oxalicacid Beaker 100 cm’ 1No.
Potassium: oxlate N Bshner fur-<] 1 No.
Dilute sulphuric acid (5 M) . Bunsen burner I No.
H}'d:ogen peroxide (3%) Desiccator 1 No.

'-'::-.-:-!!!b T
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Photosensitive compounds are
those compounds-v-rich
decompose In the prasence of
light.
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Chemicals _ Apperatus
Acetone ' Filtration apparatus 1 No.
Ethanol - _ Glassrod | ' " 1 No,
Distilled water Measuring cylinder 1No.
' Tripod stand : 1 No.
Watch glass ) " INe. .
Water bath . 1 No.
Wire gauze 1 No.
Filter paper . Fewcircles

T vy el e

24.3 Procedure

Step 1: Preparation of FeC,0,2H,0

Weigh5.0¢ ammonium uon(II) sulphate and transfer to a 250 cm” beaker. Add 15-20 cm’
distilled water and 1 cm’ dil. HZSO., Stir to dissolve.

Add 10% oxalic acid (25 cm ) solution to the above u-on(II) soluuon and heat to boiling
with continuous stirring. {Caution: Do net leave it unattended as this solution is
susceptible to spiflover and there can be bumping once the solid starts separating].
Add more oxalic acid, if necessary to get the maximum yield of the yellow iron(Il)

E Oxa]a_te. FGC204.2H20.

Allow the yellow product to settle. Carefully decant the hot supernatant liquid and

" repeatedly wash the precipitate with hot water; Retain the solid in the beaker for the next

step.

 Step 2 : Synthesls of Ky[Fe(C;0,):1.3H,0 .

Add a warm solution of potassium oxalate (5.0 g in 15 cm’ distilled water) to the iror-II)
oxalate prempnate in the beaker. Suspend a thermometer in the solution. Teke 3% H,0,

(20cmMina measuring cylinder. Stir the solution and add hydrogen peroxide very slowly

.afewdropsata ume with the help of a dropper so as to maintain the temperature around
40°C. In all 20 cm® of 3% H,0, is added. The addition may take up to 30 minutes.

Heat to boiling. Add 10% H,C,0, solution, first 4-5 cm in one lot-and later dropwise
until the precipitate just dissolves. In all about 10 cm? solution will be required. Keep the

. *solution boiling till a green coiour is obtained. Heat for another 5 minutes. Filter the
~ solution in a 100 cm’ beaker and aliow to cool to room temperature in a dark cupboard

since the product is phétosensmvc Add 10, cm ethanol to the beaker and redissolve any
crystals formed by gentle wanming on a water bath and put the solution in a dark cupboard
to crystallise. Cover with a watch glass. Slower evaporation encourages the development
of larger and purer crystals. '

Filter the crystals on a Buchner funnel by suction. Wash with ethanol-water (1:1) mixture ‘

and finally with acetone. Dry in a des'ccator over calcium chloride.

Weigh the crystals and record the yield.

244 Observaiions

iy Weight of ammonium iron{II) sulphate taken =
ii) Weight of oxalic acid taken =
iii) ‘Weight of potassium oxalate taken o=

iv) Weight of complex formed - =
.(Experimental yield)

ta e g2 O%

2.4.5 Calculation of Percent Yield

g F Fe(NH,),(S0,),.6H,0
No. of moles of Fe(NH,),(80,),.6H,0 =- :

-gram molecular weight ‘

T Lm s s




5.0
. _ =—— =(.013 mole.
' / ' 392.13 - '
No. of moles of K;[Fe(C,0,);].3H,0 formed = 0.013 mole
Theoretical yield in gram = No. of moles x gram molecular weight

=0.013x491.25=640¢

: Experimental yield -
Percent yield = - x 100%
, : " Theoretical yield
Experimentél yield
= ' : x 100%
6.40
2.4.6 Result

‘Percent yield of potassium trioxalatoferrate((Il) trihydrate = _ %

2:4.7 Alternate Procedure for the Synthesis of Potassium
Trioxalatoferrate(TII) Tnhydrate

There are two more procedures, wh:ch are straight forwa:d less time consuming and
involve more cost efficient method of synthesis. These require the use of u-on(III) nitrate
or chloride instead of ammonium iron(Il) sulphate.

Procedure A :  Use iron(III) nitrate

Requiremenis
Chemicals Apparatus
| Potassnu-n oxalate, K;C,0,H,0 : Beaker 150 cm’ 2 No.
Iron(III) mtrate. Fe(NO,),. 9H20 Buchner funnel 1 No. .
Dlshlled water . Desiccator .1 No.
Ethanol . L _Filtration apparatus 1 No.
Acctone . ' ’ .. Glassrod _ © " 1No.
Ice . ‘ ' " Watch glass . 1No.
| " Water bath - 1 No.

HYH,0

. FC(NO3)3.9H20 + 3K2C204.H20 > K3 fFe(C204)3;3H20 + 3KN03

Prepare a solution of iron(T1I) nitrate (4.0 gin 20 cm” distilled water) in a 150 cin® beaker.
Add this soluuon slowly to a stirred hot solution of polassmm oxalate (containing 6.0 g of
the salt in 40 cm® of distilled water) taken in anothier 150 cni® beaker A clear green
coloured soltiizi is obtained. Heat for 2-3 minutes more.

Cool in an ice bath, Filter the crystals using a Buchner funnel. Wash with ice cold wetcr
followed by ethanol and acetone.

The emerald green product may be redissolved.in warm water (15-20 ém3) and .
reprecipitated by cooling in ice bath at O°C: Collect the crystals by filtration. Wash with
e-_'uapol-water {1:1) mixture and finally with-acetone.

Dry in a desiccator in a dark cupboard. Weigh the crystals and calculate the percent yield.

Inorganlc Preparatlons
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Inonganie Preparations and Gravimetry  Procedure B: _Use iron(lID) chloride

- Reguirements
Chemicals - Apparatus
-Iron(IO) chloride (anhyarous_) . Beakers 150 cm’ 1 No.
Potassium oxalate, K,C,0,.H,0 . . Buchner funnel "1 No.,
Distilied water o Desiceator 1 Ne.
Ethanol . . Filtration apparatus 1 No,
Acetone Glass rod 1 No.
Ice ' Watch glass -1 No.
R - Water bath” - 1 No.

‘I-_IAeat using a wire gauze to get a clear solution, Add 1.6 g iron(}1I) chloride in small lots 10
hot solution of X,C30;. Heat again till a green coloured solution is obtained.

Cool the solution in ice bath at 0"C. Keep at this temperature until crystallis:'uion is

N 2.4.8 Structure

- is chelated to three bidentate oxalate groups forming six bonds. Coordination number of

- following tests:

Fe’* lons

FeCly(aq) + 3K,C;05. Hy0(a0) » K,[Fe(C,04),]. 3H,0(aq) + 3KCl (aq)
Take 6.0 g of potassium oxalate in 2 150 cm® beaker. Add.20-25 cm® of distilled water.

complete. Filter the crystals using a Buchner funnel. Collect the product after washing
with ethanol and acetone. Recrystallise the complex as in procedure A. Dry the complex
in a desiccator in a dark cupboard. Weigh the complex and calculate the percent yield.

Potassium uioxialatofcrréte(ﬂl) is an example of a complex compound, in .Which iron(fI)

iron is six. It is octahedrally surrounded by six oxygen atoms, two each from each oxalate
group as shown in Fig. 2.2. ‘ : -

— cﬁ B T 3-
0 :
%C"J O\ 0

" Fig. 22 1 Structure of [Fe(C;0,)51" lon,
2.49 Qualitative Tests R
Dissclve 0.5 g of the complex saltin 5 cm’ of distilled water in a test tube and perfdrm th

K ions

Take 0.5 cm’ of the aqueous solution in a- test tube. -Add acetic acid and Nas[Co(NO,)]

solution, Appearance of a ycllow precipitate confirms the presence of K ions.

2K *(aq) + Na*(ag) + [CO(NO,)gI*"—— K,Na[Co(NO,)s}s)

i) Take0.5 cm” of the aqueous solution in a test tube. Acidify with dil. I1;50, a:ld add
KSCN solution. Appearance of a deep red colour confirms the presence of Fe™* ions.
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~ Fe’"(ag) + 3SCN “(aq) ——— Fe(SCN)s(aq) .
il) Take 0.5 cm’ of the aquesus solution in a test tube. Acidify with dil. H,S0, and add -
an[Fe(CN)ﬁ] ‘solytion. An intense blue colour or precipitate confirms the presence of

' 10ns. s

, 4Fe3*<aq) + 3[Fe(CN)g)* T — Fe4[Fe(CN)s]3(S)
C,0,” tons ‘

- Take 1.0 em’ cf the aqueous solutlon in a test tube, Acidify with dil. HZSO4 Warm and
. add dil, KMnO, soluuon dropwisg. Decolourisation along with evolution of CO, confirms
_the presence of C204 ions,

5C204 “(aq) + 2MnQ, (aq) + IGI:I *(aq) — 2Mn2+(aq) + IOCOZ(g) + 8H,0()

The above tests for Fe’* and Cz‘Of" ions indicate that the complex is a labile complex -
which undergoes rapid exchange of ligands in solution.

25 SUMMARY

In this unit we 2 "cusscd the preparation and the punﬁcauon of the followmg thice
inorganic compo nds:-

1) Potash alum

2) Tetraamminecopper(Il) sulphate

3) Potassium uioxalatoferrate(]ll) '

We also described the calculation of percent yield and l.he qual:latwe tests which one
should perform to identify the ions present in them - .
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STRUCTURE

'-3.6 Expenment 8; Determmamm of Sulphate Ions as Barium Suiphate

31 INTRODUCTION

- Asa first step, qual:tatwe analysis is performed to identify the gifferent components of a

i) Chemical meltbods which are based on quantitative performance of suitable chemical

- you shall pexfonn some expenments on gravimetry.

In gravu;;?.lnc analysis, the component to ‘be estimated is converted into an insoluble

UNIT 3 GRAVIMETRIC ANALYSIS

S T S Tt

3.1 l Introduétion

Objectives _
32 Experiment 4 : Determination of Aluminium as AIuminium(III) Oxide

3.3 Experiment 5 : Determination- -of Aluminium as Alummlum
: 8—hydroxyqumolmate

34 Expenment 6: Determmauon of Copper as Copper(l) Thlocyanatc

35 Expenment 7: Determmahon of Iron as Iron(III) Oxide .

3.7 Summary
38 Furt.herReading

As you are aware Lhat .he aim of chemical analysis is to determine the composmon of
naturally occurring or amﬁcm]ly prepared substances. This is usually done in two steps.

substance. In the second step, the quantitative analysis is performed by which the relative
amounts of these components are determined. In this laboratory course, you are required
to perform the quantitative analysis of components of known substances-only. In this unit -
we discr'ss some experiments for gravimetric determination of certain ions to illustrate
quantitative analysis. In Block 2, we will descnbc the scheme of gualifative analys:s of
mixtures of inorganic salts

Methods of performing guantitative ahalysis are broadly classiﬁed into two types:

reactions. Titrimetry or volumeu:,r and gravimetry are the examples of chermca]
methods of analysis.

i}’ Instrumental methods whizh require Lhe use of instruments for measuring some
physical properties such as electrical or optical properties of substances for
determining their composition. Conductometry, potentiometry and colorimetry are
some Of the examples of this class. . :

In the Chemistry Laboratory-I (CHE-03(L)) course ycu might have performed some
experiments on titrimetry, conductometry, po'cnuometry and colonmetry In this course,

precipitate which is filtered, driedfignited and weighed accurately. Knowing the
stoxchxomel.ry of the chemical reaction involved in precipitation the mass of the prempltatc
is used to determine the amount of the component m the substance.

Objecﬁves : ‘ _ : v
After studying this unit, you should be able to: '

© determine aluminium, copper, iron and sulphaté.iﬁ their soluble salts,

@ - perform various operations, i.e., precipi:ation, filtration, washing, drying. ignition,
cocting and weighing involved in graviinetric determinations, and :

e periorm calculations involved in gravimetric determinations.




3.2 EXPERIMENT 4 : DETERMINATION OF
ALUMINIUM AS ALUMINIUM OXIDE

In this experiment you will perform the gravimetric determination of aluminium as
aluminium oxide. :

3.2.1 Principle

The aluminium ions are precipitated as the hydrated aluminium hydroxide by means of
aqueous ammonia solution in the presence of ammonium chloride. The precipitate is
filtered and washed with ammonium chloride or ammonium nitrate solution, The

. precipitate is then ignited to the anhydrous oxide and weighed as AL,O;.

A*(aq) + 3NHyaq) + 6H,0(1) » AIOH);(H,0)5(s) + 3NH,*(aq)
2A1(OI’D3(H20)3(S) r Aleg(S) + 6H20(g) V

Aluminium hydroxide is amphoteric in character:
AOH),(H,0),(s) + 3H,0" » A*(ag) + 9H,0 (1)
Al(OH)3(H,0)3(s) + OH “(aq) » [AI{OH),(H,0),] (aq) + H,O(1)

Precipitation of aluminium hydroxide begins at approximaiely pH 4 and is complete when
the pH lies between 6.5 and 7.5. Therefore, the pH of the solution is adjusted by the
addition of solid ammoniau:'n cbloridc and using mnthyl red as indicator.

If we know the weight of sample taken for analysis and the weight of aluminium oxldc
formed, we can determine the percentage of aluminium in the sample.

3.2.2 Requirements

Chemicals . ) - -Apparatus -

Potash alum : : Beaker 400 cm’ - 1No.
Aqucous-ammonia Beaker 250 cm® ) 1 No.
Methyl red indicator Bunsen burner 1 No.
Ammonium chloride ‘ Clay pipe triangle - 1 No.
. Distilled water Destecator ‘ 1 No.
. Funnel giass - ) 1 No.
Glass rod 1 No.
Pair of tongs ‘ 1 No.
Rubber policeman 1 No.

Silica crucible ‘ 1 No. .
. “Tripod stand ~_ 1No.

Wash bottle , 1No, -
Watch glass 1 No.

Whatman filter paper No.4l - 1 circle

Wire gauze . 1 No.

3.2.3 Procedure

1 Welgb out accurately about 1,5 t0 2.0 g of potash alum from a weighing tube into a
400 cm”® beaker. Dissolve it in about 150 cm” of distilled water. Altemanvcly, take 25
cm?® of the solution prepared by vour Councellor and dilute it to 150 cm’® with distilled
water, Place a glass rod in the beaker and cover it with a watch glass. Add 5.0 g pure
ammonium chloride, a few drops of meti vl red indicator and beat jusi to boiling using
a wire gauze. Add ammonia solution (1:.j ¢ropwise and with censtant stirring until -
the coiour of the solution just changes to a distinct yelio'v. Do not add ammonia

Gravimedric Analysts
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The r-9cess of dispersion of a
‘get 2 a flocculatzd precipitate to
~orm a sl is called peptisation.

' 2) Tear a circle of Whatman filter paper No. 42 into small pieces and put in a 250 cm®

© 4, Transfer the moist filter paper containing the precipitate into a constant weight silica

324 Chssrvations

1) Weight of empty weighing bottle ;

W_eight of crucible

~ 3.2.5 Calculations

solution in too much’ €Xcess as it can dissolve luminium ﬁydroxide because it is
+ ampboteric in-character. Heat for about two minutes. . ’

beaker, Add enough distilled water to dip the filter paper. Cover with a watch glass
and heat to disintigrate the paper. Add 2 cm® concentrated nitric acid, if need be, and
heat till the paper is converted intc pulp. Neutralise the pulp by the addition of
ammonia solution, : - T

) PCHT I 0 T P ————

3) Addone spooﬁful of the filter paper pulp to the precipitate and filter using Whatman

filter paper No. 41. Aluminjum hydroxide is gelatinous and filters with difficulty. The k

precipitate is adsorbed on the paper pulp:and filters more readily. Wash the precipitatc
‘thoreughly with hot 2% ammonium nitrate or chloride solution, which is made neuytral
with aqueous aminonia solution using methyl red indicator. The prccipitqte cannot be
washed with hot water-alone because it is readily peptised and will pass through the
filter paper. Addition of electrolyte prevents peptisation, Continue washing the
precipitate till the washings are free from the sulphate ions. Use a policeman to
remove the Jast traces of the precipitate from the beaker and glass rod. Allow the

. liquid to drain out of the filter paper. :

crucible. Heat gently on a low flame to drive out the moisture. Char the paper
carefully taking care that it does not catch fire, Allow the paper to smoke slowly. An

increase in the volume of smoke indicates that the paper-is going-to catch fire. :
Remove the burner immediately for sometime. When the paper has charred ‘

completely, heat the crucible strongly. Raise the temperatute:to 1200°C using a blow
pipe burner or by heating the crucible in-a muffle furnace maintained at 1200°C.

Heat for about 30 minutes to- get non-hygruscopic Al,O,. Aliow to cool the crucible with
precipitate in air for 1-2 minute. Then keep the hot crucible in desiccator with the help of
a pair of tongs. Let the crucible and the precipitate cool to room temperature. Weigh
accurately and record the weight. Repeat heating, cooling and weighing till a constant
weight is obtaincd.\_' ' ' : . :

Weight of alum

1l
LI

i) Weight of weighing bottle +.alum

iii) Weight of weighing bottle after
transferring the alum into beaker

i
re

iv) 1st weight of crucible
v) 2nd weight of crucible
Weight of crycible + ALO,

vi) Ist weiéht of crucible + Al O,
vii) 2nd weight of crucible + Aizos'

I
v ga

3
e o

Calculate the percentage of AI'* ions in potash alum as follows:

Weight of potash alum taken for cxbeﬁment = iij —iii) g
o =wg. .
Weight of AL,Q; formed = vii) - v) g =xg ‘ )
You know that one mole of potash alum (K;,S0,.A1L,(50,);.24H,0) contains two moles of

AT** jons which are converted into onemole of alumina on precipitation and ignition,

T'ﬁus. ’ - ~
K;S0, Al)(S0;. 24H,0 =2AP*  =AL0,
948.76g '=539g =10096g

wg =yg? =xXg

e S




Hence, weight of A’ ions in x g of ALLO,

. 53.96
y=——————x xg
101.96

'val_metrlc Analysix

Now this y g of Al ions are present in w g of the potash alum taken for anéjysis. Hence,
percentage of A’ ipns in potash atum ‘

' y
DAY = - % 100

w
. 53.96x ’
= R X 100%
101,96 w "
s 53.96 Weight of Al,Q, formed
%Al Y= b4 — X 100%
101,96  Weight of alum taken

Compare this value with the theorelical percentage of A ions in ~otash alum.
Theoretically, 948.76 g of potash alum contains 53.96 g of AP fons. Hence. percentage

(theoretical) of AI’* ions in potash alum. . - ”

53.96
% AP* (heoreticaly'= ——_ x 130% = 5.69%
948.76

If you have pe!"formed the experiment carefully, the experimental and the theoretizal
values shou:d agree within 0.5% with each other, Following a similar procedzre, you can
calculate the percentage of A1** jons in any other aluminium compcund.

3.2,6 Resiilt

You can reporf ybur result in any one of the following forms as instructed by your

counsellor. :

Weight of AL,O; formed = g i
or

Percentage of A ions in potash alumi = %

3.3 EXP_ERIMENT S : DETERMINATION OF
ALUMINIUM AS ALUMINIUM
8-HYDROXYQUINOCLINATE

in Experiment 4 you performed the deterraination of aluminium ions as aluminium oxide
n potash alum. In this experiment, you wiil perform the determination of aluminiym ions
18 aluminium 8-hydroxyquinolinate or xinate. -

'

331 P l'iﬂ(_.‘jple ) S—Hydro:yqﬁinolinr:

\luminium ions are precipitated as aluminium(III) oxinate from ammonium
\cetate—acetic acid buffered solution at pH 5.0 by the addition of 8-hydroxyquinoline
oxine) solution in acetic acid. The precipitate is filtered through a sintered glass crucible,

vashed with water, dried at 130~140°C in an electric oven and weighed as aluminium(IIl) 8-Hydroxy quinoline
xinate. ' ' B '
\**(ag) + 3CoH,ON (ag) > ANCoH,ON),(s) + 3H*(aq)

29
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3.3.2 Requirements

‘Chemicals Apparatus

. Potash alum : Bealcer 400 cm” 1 No,
Concentrated ) Beaker 250 em? ) I Mo.
hydrochloric acid Bunsen burner _ 1 No.
Acetic acid Dcsiccallor ' 1 Mo.
Ammonium acetate Filtration apparatus 1 No.
8-Hydroxyquinoline ‘Glass rod . 1No.
Distilled water - Pair of tongs 1 No.
Rubker policeman t No.
, Sinf(:‘rcd glass crucible . 1 No.

{porosity G4}
Tripod stand =~ | 1 Mo.
Wash bottle . 1Na,
Watch glass 2 No.
Water bath . 1 No.
Wire gauze : 1 No.

333 Procedure

Weigh out accurately about 0.5 g of potash alum fr_olm a weighing botﬂe into a 400 cm®
beaker. Dissolve in 20-25 cm’ of distilled water. Alternatively, take 25 cm? of the solution
prepared by Jour counsellor. Add 1 cm’ of conc. HCI and dilute the solution to 150 cm’,

. Add 5-6 cm’ of 8-hydroxyquinoline (oxine) reagent (a 10% solution in 20% acetic acid)

and heat to 70-80"C. Slowly add 25'cm’ of 2M animorium acesate solution dropwise and
with constant stirring to ensure complete precipitation, If the supsmatant liquid is yellow
to orange in colour, it means enough 8-hydroxyquinoline has beéen added. Heat the
contents on a boiling water bath for half an hour so that the precipitate becomes granular
and of easily filterable form. Allow to cool.

Filter the precipitate through a constant weight sintered glass crucible of porosity G4.
Wash the precipitate first with hot water and then with cold water. Continue washing tilt
the filtrate is almost colourless. Dry the precipitate at 130-140°C in an electric drying
oven. Cool in a desiccator and weigh as Al(CyHgNO),. Repeat the process of heating,
cooling and weighing till the weight becomes constant. '

3.3.4 Observations

Weight of potash alum
i) Weight of empty weighing bottle

1}
M g2

ii) "Weight of weighing bottle + potash alum

iii) Weight of weighing bottle after transferring =
potash alum

Welght of sintered crucible

L]

iv) 1st weight of sintered crucible o= g
v) 2nd-weight'of sintered crucible . =

Weight of sintered glass crucible + precipitate

vi) Ist weight of crucible + precipitate =

vii)} 2nd weight of crucible + precipitate S = g

3.3.5 . Calculations

Calculate the percentage of aluminiur ions in potash-alum as follows:




Weight of potash alum taken for eiperiment =ii)-iii) g ' Gravimetric Analysls
. S =wg “
Weight of ANCoH,NO); formed = vii) —v) g =x g

~ You know that one mole of potash alum (K380,.A1,(50,);.24H,0) contains two moles of
aluminium ions which are converted into two moles of aluminium(I1I) :
&-hydroxyquinolinate. Thus,

' K,80,.A1(S0,);.24H,0 =2A1% = 2ANC,HNO), .
94876 g =2x2698g =2x459.43 )
we ' =yg? . =xg
" Hence, weight of AI** ions in x 8 of AI(C,HyNO),
26.98
y= XX
459,43

Now this y g of AI** ions are present in w g of the potash alum taken for analysis, Hence, .
percentage of Ai>* ions in potash alum '

y
% AP* = %100
v

26.94 x x
45943 x w :
5. 20.98 x weight of AKCoHgNQ), formed

x 100%

% Al x 100%

450.43 x weight of potash alum taken -

Compare this value with the theoretical percentage of Al** tons (5.69%, calculated in
Experiment 4) in potash alym. |

If you have performed the experiment carefully, the experimental and the calculated
values should agree within 0.5% with each other. Following a similar procedure, you can
calculate the percentage of AP* ions in any other substance, ' '

3.3.6 Result

You can report your result in any one of the following forms as instructed by your

counsellor,
Weight of AKCHgNOY), formed = g |

or - '
Pcrccnmge.of aluminium ions in potash a]urﬁ = %

3.4 EXPERIMENT 6 : PETERMINATION OF COPPER
*S COPPER(I) THIOCYANATE .

In this experiment you will perform the gravimetric determination of copper ions in a
copper compounc svch as ‘etraamminecopper(il) sulphate or copper(ID sulphate.

3.4.1 Principle
Copper ions are precipi .ted as copper(l) thiocyanate from a mildly acidic solution by the
addition of a ammoniurp *hincyanate solution. As you are aware that the copper(Il) ions
exist in +2 oxidation st;zie i solutidn, these are first reduced 1o +1 oxidation state with
sulphurus acid and then precipitated as copper(l) thiocyanate. The precipitate is filtered in
a sintered glass crucible, washed with §.1% ammonivm thiocyanate solution, dried at
120°C and weighed as copper(l) thiocyanate, : -

: 3
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i)  Weight of empty wenghmg bottle =

\

2Cu“*(ag) + HSO; (aq) + H,00) ——-> 2Cu"(aq) + HSO, (aq) + 2H"aq) -
Cu*(aq) + SCN “(aq) —— CuSCNGs) '

. If we know the weight of saniple takcn for analysns and the welght of CuSCN formed we

can de" .snmne thc, percemage of. copper(n') ions in the sample.

3.42 Requirements

P FRPLF) £ ¥ SCHE -

Chemicals : Apparatus
Tetraamminecopper (II) Eulphate Beaker 400 cm’ I'No.
Hydrochloric acid , Beaker 250 cm® 1 No.
Sodium or ammonium Bunsen burner E 1 No.
hydrogensulphite or _ Desiccator - 1 No.
sulphurous acid Filtration apparatus 1 No.,
‘Ammonium thiocyanate o Glass rod ‘1 No,
Ethanol . S Pair of tongs . 1 No. .
Distilled water . . " Rubber policeman 1No. /-
T ' Sintered glass , 1 No.
crucible (G4) . )
Tripod stand ‘ 1 No.
Wash bottle 1 No,
. Watch glass 2 No.
- ‘Water bath . 1 No.
Wirp gauze - " 1No.

\Frinee LT

34, 3 Procedure

. Welgh accurately about O 4 of the copper complex from a weighing bottle into a. 400

cm’ beaker. Dissolve in 150 cm? distilled water. Alternauvely. you can take 25 cm’ ofa,
3per(II) solution prepared by your counsellor i mto 2400 cm’ beaker and add 100-125
cm” of distilled water to it. Acidify with 2 to 3 em® dilute hydrochlonc acid until the

" solution is dlstm =tly acidic-to litmus, Add 2 to 3 g sodium or ammonium hydrogensulphlte )

or 20 to 30 cm’® of saturated sulphurous acid solution. Place a stirring glass rod and cover
the beaker with a watch glass. Heat the coritents to near boiling. Make sure that the. vapour
over the liquid distinctly smells of sulphur dioxide (cher. % with acidified K,Cr,0; paper)

Add slowly and with constant stirring 10% ammonium thmcyanate solution so that a wlute .

precipitate of copper(l) thiocyanate is thrown down. Add a slight excess of ammonism
thiocyanate to effect complete precipitation. The mother liquor shold be colourless and
smell of sulphur dioxide. Digest on 2 boiling water bath for nearly half an hour. Allow to
stand for about two hours or preferably overnight so Lhat the precipitate becomes compact

.;and settles at the bottom of the b.aker

“Filter the precnpltau: l.hmugh a constant weight sintered glass crucxblc, porisity G4. Wash

the precipitate several tir.2s with-0.1% ammonium thiocyanate soluuon containing

. sulp'mrous acid to prevent ary oxidation of copper(l) thiocyanate, Finally wash several
- times with 20% elba_nol until :he filtrate is free from SCN ~ (Test the filtrate with FeCl,
- solution). Dry the precipitate to a constant weight at 110-120°C. Keep in a desiccator for

half an hour ard weizh as CuSCN. Repeat heating, cooling and wet ghmg till the weight
becomes constant,

344 -Observhﬁons _ - .

Welght of complex

u) Weight of weighing bottle + complex

i} Weight of weighing bottle after transfcmng
the complex to beaker .

Weight of sintered crucible -
iv) Ist welght of sintered cruc:bh'

]
e e

v) 2nd welght of 8 n'ered cruc:ble




Welght of sintered cruclble + CuSCN ' : Gravimetric Analysis
vi) lst weight of crucible + CuSEN. ’_‘"’“’ 4
vii) 2nd weight of crucible + CuSCN

11 II
m o

34.5 Calculotions

. “Calculate the percentage of Cu* jons in [Cu(NH;)4]1S04.H,0 as follows:
Weight of complex taken for analysis = i) -ii)=wg

- Weight . aSCN formed = vu) v) xg

You know that one molo of [Cu(NH3)4]SO4 H,0 contains one molo of Cu® ions which are
converted into one mole of CuSCN on reaction with NH,SCN,

[Cu(NH,),]SO, H,0  =Cu® = CuSCN
245.74 g =63.54g =12162¢
we =ygl =xg
Hence, weight of Cu’* ions in x g of CuSCN
63.54
y=——— xXg
12162

. Now thisy g of Cu® 1ons are present in -/ g of the complex taken for :malysns Therefore, -
" the percentage of Cu®* jons in the compl.x will be

o %cuz*'= - x 100
] w .
63 S4xx . .
or % Cut* = x 100%
- 121.62 x .w
,, 63.54 'Weight of CuSCN formed
%C3" = . X x.00%
121.62 . Weight of complex taken

Compare this value wn.h ‘the theoreucal percentage of Cu mns in the complex.
Theoretically 245 74 g of complex cortains 63.54 g of the Cu® ions. Hence thicoretical
percentage of Cu®* jons in the comple.- , ,

2. o 63.54
% Ca”"(theoretical) = ————— x100% = 25.86%
o 245.74 ' b
1f you have pe'.formed the experiment catefully, the experimental and the (heoretical
values should agree viishin 0. 5% with each other. Following a sitnilar procedure, you can
calculate L.e porccntnge of Cu ionsin an} othcr compound. .

3.4.6 Re.mt

You cai report your resu tin any one cf the fLIIowmg forms as :nstructed b AN
Counsellor

' Wenght of CuSCN formed = ) g
or
Percentage of Cu ions in the complex
tetraamminecopper(Il) sulphate = %

3.5 EXPERIMENT 7: DETERMINATION OF IRON AS
IRC‘\I(III) OXT*E |

In this expenmem )ou wilk p“‘orm the determination of iron(EI) in the complex
potassium, tnoxa.latofermte(lll) by precipitation of iron({II} as iron(III) hydroxlde and then
-by ignitton of precipitate’to 1ron(III) oxide, - _

UGCHE-L 610A) 33
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Ammonia dissolves traces of silica
Trom the glass boltle. The silica
rernains suspended in a boitle of
ammonia. If unfiltered-ammonia is
used for precipitation, silica will add
¢ to the weight of the precipitate.

34 UGCHE-L 6(10B}

Chemicals

Potassium trioxalatoferrate(II) Beaker 400 ¢m’ 1 No.

Nitric acid Beaksr 250 em® " 1 No.
“ I Hy"rochloic acid .Bunsen burner 1 No.

* Aqueous ar-honia Clay pipe triangle I No.
Ammonfu'u} ritrate Desiccator 1 No..
Distilled \..vé-t"e'r— " Funnel glass -1 No.

n Funnel stand [ No.
Glass rod 7 i 1 No.
Pair of tongs ' 1 Na.
Rubber policeman 1 No.
Silica crucible ; [ No.
- “Tripod stand : 1 No.
] Wash bottle : [ No.
Watch glass . 2No.
_ Water bath I No.
i Weighing bottle  ~ I No.
Whatman filter -1 No.

-zaper No. 41 | )

“Wire gasze " I:No. !

351 Princnple

Iron is precipitated as iron(IIT) hyd'oxlde by the addition of aqucous ammoniz solution Lo
iron(llI) solution. As iron(Il) hydroxide is only partially precipitated by aqueous ammonia,
ironII) is oxidised to iron(III) by concentrated nitric acid in the presence of dilute
hydrochloric acid prior to precipitation. The precipitate of iron(lil) hydroxide is filtered,
washed, ignited to iron(IlI) oxide and weighed.

3Fe*(aq) + NO,™(aq) + 4H'(ag} ————» 3Fe’*(ag) + NO(g) + 2H,0()
Fe’*(aq) + 30H “(aq) ~——— Fe(OH)y(5)

352 Requirements

EENiTES T

‘Apparatus

3.5.3 Procedure

Weigh out accurately about 1. 2 g of the complex potassmm trioxalatoferrate(iil) from a
we:ghmg bottle into a 400 cm” beaker. Add 20-25 cm’® distilled watcr Alternatively, take
25 cm’ of the iron solution ?repared by your Counsellor. Add 1 cm® concentrated

+ hydrochloric acid and 3 ¢cm’ concentrated nitric acid. Place a glass rod in the beaker and

cover with a watch glass. Heat the contents gently on burner using a. wire gauze in a fume
hood till the brown fumes of nitrogen dicxide cease to evolve and the solution acquires a
deep yellow colour, Cool, wash the sides of the beaker and dilute the solution to 200 cm’
with distilled water. Heat to boiling. Remove the flame and slowly add pure filtered 1:1
ammonia solution (50% ammonia, 50% water) in slight cxcess till the vapour over the
liquid in beaker sinells of ammonia. (Check with red litmus paper or with 2 rod dipped in
HCI). This ensures complate precipitation of iron.

Add a spoonful of filter paper pulp to the precipitate and digest on'a boiling water both for
about 20 minutes. Check for complete precipitation by addition of ammonia solution from

" the side of the bea}.er The supematant liquid should be colourless.

Allow the prec:pltate to settle. F:Iter by decamauon through Whaiman filter papes No. 41.
Do not allow the precipitate to leave the beaker at this stage niwerwise it Wit ciog the
pores of the filter paper. Do not fill more than two thirds of filter paper with the liquid.

Wash the precipitate in the beaker with hot@% ammonium nitraté solution.three to four
times, Allow each portion of wash liquid to run through befc-e adding the next portion.

T-




Test the filtrate for the abseace of chloride ions (Test with dilute nitric acid and silver
nitrate solution, no whue precipitate or turbidity should be obtzuncd)

Transfer the prec:p:l:atc to the filter paper completely with the help of hot water from a
wash bottle. Remiove the precipitate adhering tc the glass rod and Lhe sides of the beaker
with the heip of a rubber pohceman

: When lhc filter paper has drained completely, fold over the edges and transfer o mc
weighed silica crucible. Heat carefully on a very low fla:ne so that we filter paper chars
slowly without catching fire. In case the paper catches fire, remove the bumer and cover
the crucible with the lid. After the paper has charred completely, burn off the carbon at as’
low a temperature as possible with free.access of air in order to avoii reduction of iron(III)
oxide. Finally ignite the precipitate at red beat for 15 minutes. Do not a.llow the ﬂa.me info
the crucnble it will b!ow away the precipitate,

Allow 10 cool the prec:mtate in air for 1-2 minutes and then ‘cool in a desiccator: Weigh
when the crucible has cooled to room temperature. Repeat heating, coohng and weighing
tiil the- wclgbt becomes constant. . , .

3.54 Observations

Weight' of Complex 7 )

" Weight qt_"—émpty weighing boitle ~ =
) _Wei'ghtqf' weighing bottle + complex = -

iiiy Weight of weighing bottle after =
" transferring the complex :

Weight of Crucible
iv) 1st weight of empty stlica crucible -

v) 2nd weight of empty silica crucible - -

Weight cf Tron(IIX) oxide

vi) 1st weight of crucible + iron(IIl) oxide = g

vii) 2nd weight of crucible + irop(ll) - =

3.5.5 Caleulations T

Ca}culate the percemage of Fe** jons in potassium trioxalatoferrate(IIl) as follows: -
‘ Welght of Lhc complcx taken for analysis =ii)-ii)g =wg

Wexght of F3203 formed - =vil)-v)g =xg

You know that 3one mole of potassium trioxalatoferrate(I11}, K;[Fe(C,0,)4].3H,0, contains
on= mole nf %™ jons which are converted into one-half mole of Fe,0, on precipitation
and igni . -m, Thus,

Kg[Fe(L.‘O4)3].3HZO .=_F33“_ © n w0,

49125g  =5585g =% ...y
W g Losye? | osxa '
" Hence, weight of Fe® inx gof Fe,0;
| 55.85 ' :
= ———T——XX§g
1 79.85

" Now this y g of Fe ions are present in w g of the complex taken for analysis. Hencz,
percentagc of Fe** jons in the complex, :

y
%Fc3+=-—'—x100%
] ) o w
A 5585 - «x 3 '
) = X——x.100% --
- 7985 w . S

Gravimette Analysts
toe 4

Ammonium chloride solution
cannot be used in place of a

solution of ammonium nitrate
because volatile FeCly will be

_ formed duting igniticn and this

will result in loss of weight of the

precipitate.
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- 55.85 % weight of Fe,O, formed x 100
or % Fe’* =

. 79.85 x weight of potassium trioxalatoferrate(TlI) taken

Comj are. “his value with *he theoretical percentage of Fe>* ions in potassivm trioxalato-
ferrate(II7), Theoretically, 491.25 g of the complex contains 55.85 g of F2** jons,

Hence, percen*zzr “beoretical) of Fes* ions in the complex,

55.85 -
% Fe = —~——— x 100% = 11.37%
491.25

- If you bave performed the experiment carefully, the exberimental and the theoretical

values should agree within 0.5% with each other. Following a similar procedure, you can
calculate the percentage of Fe** ions in any iron com=nund.
3.5:5 Result : - " -

Ycu can repert vour résult iz any one of the follewing forms as instructed by your
Counselior,, - .. . . ‘ :

Vioight of Fe,Oy focmed .0 = g
%

I

Percentage of Fe** ions in potassium
trioxalatoferrate(III} - :

~

3.6 EXPERIMENT 8 : DETERMINATION OF

SULPHATE IONS AS BARTUM SULPHATE

In this experiment you will perform the gravimetric estimation of sulphate jons in a .
substance, which is soluble in water, such as the tetraamminecopper(II) sulphate or potash
alum. . '

3.61 Principle

“The sulphate jons are precipitated as barium sulshate by slowly adding a dilute solution of
‘bariuza chloride 10 a hot solution of sulphate ions, which is slightly acidified with !
bydrochloric acid. The precipitate of barium sulphate is filtered off, washed with water,
carefully ignited at red heat and weighed as barium sulphate.

S0, (aq) + Ba®(ag) > BaSO,(s)

If we know the weight of sample taken for analysis and the weight of the barium suiphate
formed, we can determine the percentage of sulphate ions in the sampie. ’

3.6.2 Reqﬁirement.é

Chemicals ' . Apparatus

Tclraa.mminccopper(]l) sulphate Beaker 400 cr_n3 . 1 Na.
Hydrochloric acid Beaker 250 cm” 1 No.
Barium chloride solution Bunsen burner ' 1 No.
Distilled water _ Clay pipe triangle o 1 No.,
- ' Desiccator I No.
Funnel glass I No.

Funnel stand 1 No. -
“Glass rod L T,
Pairof torgs 1 No.
Rubber policeman - 1 No.
© Sili¢a crucible : } No.
Tripod stand ! No.

-
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bhemicu!-s . ' Apparatus

/ ‘ Wash boltle ‘ 1 Ne.
Wheich glass !No.
Water bath i No.,
Weighing bottle ‘ 1.vo.
Whatman filter 1 No,
paper No. 42
Wire gﬁuzc 1 No. :

3.6.3 Procedure

Weigh accurately (to nearest 0.2 mg) about 0.4 g of the complex tetraamminecopper(Il)
sulghale or about 0.5 g of the double salt pomsh alum from a weighing bottie into a 400
cm beaker Dissolve the sample in [50 em’® of distilled water. Altemauvcly, you may
take 25 em’ of a solution prepared by your wunsellor into a 400 ¢m’® beaker and add
100-125 ¢m> of distilled water to it. Add about 2 cm”® of concentrated hydrochloric acid,
place a stirring rod anr‘ cover the beaker with waltch glass: Heat the contents to ncar
boiling (80-90°C). :

In another beaker heat the barium chloride solution (2%} to near boiling (80-90"C).

Pour the hot barium chloride solution quickly and with vigorous stirring to the sulphate
sclution. Stir the mixture thoroughly for 2-3 minutes. Allow the barium sulphate
precipitate to settle and test for complete prec1p1tau0n by adding barium chloride solution
from the side of the beaker.

Digest the precipitated barium sulphate on a boiling water bath for | to 2 hours. Thé

-supernatant liquid will become clear and the precipitate will settle down to the bottom of
* the beaker. During this process, the tiny crystals of barium sulphate initially formed

undergo recrystallisation to give larger and more readily filterable crystals.

Decant the hot supernatant liquid by decantation through Whatman filter paper no 42.
Make sure that the filter paper is not filled more than two third full with the liquid.
Alternatively, the precipitate of barium sulphate can be filtered through-a sintered glass
crucible of porosity G4 using suction filtration. . '

Wash the precipitate in the beaker with hot distilled water. Transfer lhc supernatant liquid
by decartation through theé filter paper. Continue to Wash the precipitite with hot water till
the fii*.ate shows negatwe test for chloride ions.

- Transfer the precipitate carefully to the filter paper and wash it down to the cone of the

filter paper with water from wash bottle. Use the rubber policeman to Lran%fer the last bits
of precipitaté sticking to the glass rod and the 'side of the beaker. Make suré that no
precipitate is adhering to the beaker or the glass rod,

Allow the filter paper to drain completely or dry the filter paper with the precipitate on a
hot air cone. Remove when slightly moist. Fpld it carefully and place it into a constant
weight silica cru~ible. Gently char the filter paper on a low flame. When 210 more smoke
is visible gradually. raise the temperature of ths flame till the paper is converted into ash
and e crucible glows with a dull redness. Cortinue to rotate the crucible with d patr of
tongs'in drder to burn off any carbon or-tar s" :ckmg to the crucible. Finally heat the
crucitle strongly for 15 to 20 minutes.

Allow the crucible to cool in air for 2 minutes Place itina desiccator and allow to cool to

roomn tymperatuss, Record the weight. Heat the crucible tifl a constant weight is obtained, -

If proper care is not taken during ignition BaSO, may be partially reduced t> BaS by -
carbori from the filter paper:

BaSQ, + 2C » BaS'+ 2C0,

" Barium sulplids is subsequently oxidised back to BaSO, by O, present in air.

Altematively, the precipitate zan be treated with 3-4 drops of dilute sulphuric acid and
then strongly heated to convert ban “m sulphide, if any, to barium su]phatc

Gravimetric A nalysis

- .-
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-» BaSb.,,
—> BaSO, + H,S .

Bﬂs + 202 =
BaS + H2804

. 3.6.4 Ob'servations

'Weight of comﬁlex )
iy Weight of empty weighing bottle = £
i) Weight of weighing bottle + complex = g

. iil) Weight of ,wé_igh_ing.bottle after transferring =
the complex to beaker ' -

‘Welght of sitica crucible
1v) "Ist weight of silica crucible | = g
- v) 2nd weight of silica crucible =, g
© Welght of .sllloca_crucl'bl'e + barium sulphate
vi) 1st weight of silica cricible + barium sulphate
vii) 2nd weight of silica crucible + barium sulphate’

non
L)

3.6.5 Calculations _ . |
Calculate the percentage of 8042' ic;ns in [Cll(NI-I,)4]SO4.H20 as follows:
Weight of complex taken for analysis =ii)-ii)=wg

Weight of BaSO, formed : =vi)-v)=xg

You know that one mole of [Cu(NH,),}SO,.H,0 contains one mole of SO, ions which
are converted into one mole of BaSO, on reaction with BaCl,.

[CulNH,),JSO,E;0 =50~  =Baso,

24574 g =9606g =233.37¢ ’
wg .  ayg?l sxg
: Helice. weight of sulphaz joris in x g of barium sulphate
o 96.06 x'x
. o r———— g
L - : 237.37

"-Now this y g of sulphate ions are present in w g of the complex taken for analysis.

B Thereforé._]'Jbrcentagg'of-sul;;hate ions in the comiplex will be

Y |
%S0, = —— x 100
. i . w

imem—y

96.06 x x :
C O ——— x 100%
L W3Txw
96.06 x weight of BaSO, formed

% SO = x 100%

237.37 x weight of complex taken

Compare this value with the theoretical percentage of sulphhtc ions in the complex.

-+ Theoretically, 245.74 of [Cu(NH;),}SO,H,0 contains 96.06 g of S0, ions.

 Hence, theoretical percentage of SO, ions in the complex _

. . : 96.0¢ - .
% SO, (theoretical) = —— X 100% = 39.09%
i . 24574 Lo

If you have performed the cxperiment ca:efully. the experimental ang the theoretical
values shon'd agree within 0.5% with cach other. Following a similar procédure, you can
caiculate e’ - centage of 'SO42' ions in any other compound. '

[

7

3 v e - e

e hg




" Perceniage of sulphate ions in the complex

3.6.6 Result : ‘ _ N 'vair‘nel.r{c Anplysli

You can report your result in any ¢ne of the following forms as lnstructed by your ,
" counséllor. - . .

Weight of BaSO, formed ' = g
or .

u

%
tetraamminecopper(Il) sulphate

37 SUMMARY -

In this unit we described the gravimetric determination of aluminium, copper, iron and ot
sulphate fons present in a water soluble compound. We discussed how to perform various
‘operations involved in grawmetnc ‘delern. nations and: also how to calculate the

percentage of these jons in their compounu,

+

3.8 FURTH.‘?}R REA'DING_
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" Vogel's Quaiirr ‘ve Inorganio Analysis, G, Svehla, Oriént Longmaﬁ Sixth edition, 1987.

2. A Text Book of s uantitative Inorganic Analysis, Al Vogel, J. BaSSett R.C. Dcnncy, G.H.
Jeffery, J. Mend am, Longman, Fourth edition, 1978.
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BLOCK2 QUALITATIVE INORGANIC

PR s - el v e

ANALYSIS

Qualitative analysis of an inorganic mixture involves the detection of the anions and
the cations present in the mixture. In this course-you will study the classical
methods of qualitative analysis. These can be broadly divided into two
' categories—dry tests and wet tests. Dry tests are performed on solid samples and
usually at high temperatures while wet tests are performed on solutions. Although
flame'teﬁﬁsm;gfim cations will be discussed in brief, main emphasis ir this.
laboratory course will be on the wet chemical tests, -

Qualitative analysis rmay be carried out on various scales. In macro analysis the quality- .

of the sample used is 0.1 to 0.5 g and the volume taken for analysis is aboul 20 cm” . In
semimicro analysis these quantities are reduced by a factor of 10- 20, i.e.;-about 0.05 g

sample and 1 cm? solution are used. The amount of substance used in micro analysis is
about 1/100 of the quantity used in micro analysis, i.e., a few milligrams of solid or
some tenths of a cubic centimeter of solution. Highly sensitive reactions are employed,
which permit detection of individual ions even if they are present in small amounts,
‘The semimicro scale is the most appropriate for qualitative inorganic analysis
because of some special advantages. Some of the advantages are reduced
consumption of chemicals, greater speed of analysis, increased sharpness of
separation, reduced consumption of harmful hydrogen sulphide, etc: But because of
two reascns, you will perform qualitative analysis on macro scale during this
course. First, semimicro analysis requires the use of some special apparatus and
reagents which may not be available in all the study centres. Second, if you have
nc* been exposed 1o qualitative inorganic analysis at macro scale easlier, you may find
it difficult to perform analysis at semimicro scale. Once you become .:niliar with
macio analysis, you can switch over 1o semimicro analysis without mu<h difficulty.
The study of qualitative inorganic anali"sis is invaluable for every student of
chemistry because this is where the student comes across and handles various
materials which are studied in theory course. Also, it provides the students an
excellent-opportunity of learning by doing the chemistry of elements and the
piinciples of equilibria in aqueous solution. ‘

This block consists of three units. Unit 4 deals with the detection of the anions present
in an inorganic mixture. In Unit 5 we discuss the principles involved in the analysis of
cations, whereas in Unit 6 we describe the scheme of analysis of the cations.

Objectives : . ’

After studyihg this block and perfofming the experiments set for you to do, you
should be able to; ' T

¢ describe the principles involved in the qualitative analysis of a mixture of .
inorganic salts,

.« detect the presence of the anions and the cations in a mixture of inorganic éalts,

e perform tests for detection of the anions and the cations present in 2 mixture of
inorganic salts, '

* write chemical equations for the tests for the anions and the cations present in a
mixture of inorganicsalts, y

* perform flame tests for certain cations present in a mixture of inorganic salts,

* perform tests, make observations and draw correct inference about the presence
or the abs=nce of the anions arid the cations in an inorganic mixture, and

¢ perform separation of the cations into analytical groups by sclective -
precipitatior. - ' v

-
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UNIT 4 DETECTION OF THE ANIONS

Structure

4.1 Introduction
Objectives

- 4.2 Classification of the Anions

" Anions of Class I ) , . -
Anions of Class I

Aniens of Class III

4.3.  Preliminary Tests for the Anions
Preliminary Tests for the Anions of Class 1
Preliminary Tests for the Anions of Class II

4.4  Preparation of Solution for Identification of the Anions
- Preparalion of Water Extract :
- Preparation of Sodium Carbonate Extract

4.5  Confirmatory Tests for the Anjons
Tests for the Sulphide lons
Tests for the Suiphite lons
Tests for the Thiosulphate Ions
Tests for the Nitrite Ions
Tesls for the Acetate lons -
Tests for the Nitrate [ons
Tests for the Oxalate Jons
Tests for the Chloride Ions
Tests for the Bromide Ions
Tests forthe Iodide lons
Tests for the Fluoride Ions
Test for the Sulphate Ions
Tests for the Phosphate Tons : .
Test for the Borate Ions : ' ' "

4.6  Special Tests for the Mixtures of the Anions - _
Test for Carbonate Ions in Presence of Sulphite and/or Thiosulphate Ions
“Tests for Nitrale Ions in Presence of Nitrite Ions
Tests for Nitrate Ions in Presence of Bromide and/or Todide lons
Tests for Chloride, Bromide and lodide Ions in Presence of Each Other
Tests for Bromide ard lodide lons in Presence of Each Other
Tests for Sulphide, Sulphite, Thigsulphate and Sulphate Toris in Presence of Each Qther P
Test for Sulphate lons in Presence of Fluoride fons

4.7 Removal of Interfering Anions
4.8  Summary

41 INTRODUCTION

You know that the qualitative analysis involves the detection of the anions and the
cations present in an inorganic mixture. Sometimes the knowledge of ahions présent
in a mixture provides important clues about the cations which may be present in a
mixture and the scheme of analysis to be followed. Therefore, it is desirable to first
detect the presence.of anions and after that the cations. In this unit, we will discuss
the scherne of detection of anions which will be followed by the scheme of analysis

of cetions in Uniis 5'and 6.

Objectives .
Afiezstndying this unit, you should be able to:
e ident.™v anions' present in a mixture,

. desﬁribe tests for various anions,




Qualitative Inorganic Analysis

. ‘explain the chemistry of various tests for anions,

e prepare water extract and sodlum carbonate extract,

o perform tests for 1denuf|cauon of anions present in a mixture,
® remove interfering anions from the mixture, and

e perform tests for idehtifying special combinations of anions.

4.2 CLASSIFICATION OF THE ANIONS

For the systematic identification of the anions present in any mixture, the anions are
divided into following three classes: :

4.2.1 Anions of Class I

The anions of Cass I evolve gases or vapours on treatment with dil: HCl or dil.

. H,80, . These anions are carbonate, sulphite, sulphide, thiosulphate, nitrite and

acetate, which are the amons of weak acids.
4.2.2 Anions of Class II

The anions of Class I evolve gases or vapours on treatment with conc. HCl or
Conc. H,S0,. These anions are fluoride, chlonde bromide, iodide; nitrate and
dxalate.

423 Anions of Class I

The anions of this class do not evolve any gas on treatment with acids. These-are

identified by formation of premp;lale on treatment with certain reagents. Sulphau,
‘borate and phosphate ions are the amons of Class III. :

Here we would like to emphasise that unlike scheme of classification of cations, the
scheme of classification of anions is not a rigid one since some of the anions betong
to more than one of the classes, e.g., acetate. Also, it is not always necessary to test
for the presence of anions of Class I before testing for the presence of anions of
Class I or Class III in any mixture. :

‘43 PRELIMINARY TESTS FOR THE ANIONS .

In this unit the tests for all these anions will be systematically discussed. We shall
first discuss the preliminary tests for detecting the presence of anions of Class ] and
Class II, which will be followed by their confirmatory tests. As there are no”
preliminary tests for the anions of Class II only their confirmatory lests WI" bc
discussed.. ‘ '

r
-

4.3.1 Preliminary Tests for the Anions of Class l{

Take about 0.2 g of dry mixture in a test ube. Add 2 em’ of dilute hydrochioric' or
sulphuric acid. If a gas is evolved, note its colour and odour and draw inference
with the help of Table 4.1. Heat the test tube if necessary. If no gas is evolved,
anions of this class are absent in the mixture. '

Table 4.1 : Preliminary Tests for the Anions of Class |

81. |Observation Inference Explanation/ Reaction
No. '

1. |Colouiless gas evolved 2 2- + '_’ ’
with brisk effervescence. CO3 may be 1CO3 (aq) + 2H (aq) CO(g) + H;0(1)

| On passing the gas in Present | ca(OH)y(ag) + CO,{g) — CaCOs(s) + HapO(l)
lime water, it turns milky. Tl . -

PIRATE-L P Frulligen = rermiyi




SL |Observation Inference - |Explanation / Reactopm
’ No. ’ i )
2 2 2 - '
2| Colourlss, uflocaing. |07 may be |50%(aq) + 281"(ag) — H0() S0
sulphur; the gastums PSSRt er,07(ag) + 281 (uq) + 3503(g)
acidifie 0 r 34 L 2
green. 2T pepe 20r '(aq) + 3505 (ag) + H,0(1)
. (green)
; 2- . 2~ - .
3. ga‘;‘f;’i’t']ffr;;;'lff:’fﬁ'r‘;gng 5,03 may [S;05(aq) + 2H (ag) ~H;0(1) +SO5(g) + 5(5)
sulphur and there is a be present '
deposit of sulphur in the
‘| test tube. The gas turns
acidified K5CroQ4 paper
green,
i 2- 2- ; .
b |Shrourless gas with smell |5 maybe |5 (aq) + 2H"(aq) = HiS(e)
moistened lead acetate | Present Pb2+(aq) +H,S8(g) — PbS(s)+ 2H+(aq) 7
paper black. (black)
5. |Lightbrown gaswhich |y
X : 2 may be 2NO5(aq) + 2H (aq) —
mmeKI starch paper blue. present Hy0() +N0(g) +NOy{g)
i fgi?r;’fz?r::‘g%‘z“;: VI | CHICO0™ | CHsC00(aq) + '(ag) — CH;COOH(g)
warming the test tube. may be present '

‘When salits of the anions of Class I are treated with strong, non- oxu:llsmg acids,
correspondlng acids are generated in the solution.

CO3 (aq) +2H (aQ) - H2C03(3Q)

- 803 (aq) + 2H'(aq) — H,SO5(aq)

- NO3(2q) + H'(aq) — HNO,faq)

$"(aq) + 2H'(aq) — H;S(aq)

CH5C00(aq) + H'(aq) — CH;COOH(aq)

Out of these H,CO;, H,;80; and HNO, are thermally unstable and decompose into -
gaseous products, whereas H;S and CH;COOH are evolved as vapours on warming:

H;005(aq) — CO(g)+ HO().
H,SO5(aq) — SO,(g) + H,0(1)
2HNO,(aq) — NO(g) + NOy(g) + HO(1)

432 Preliminary Tests for the Anions of Class II

Take 0.203gof the mixture in a dry test tube and add 2-3 cm’ of conc. sulphuric
acid dropwise. Observe the reaction at room: temperature and then warm the test
. tube gently. If no gas or vapours are evolved, the anions of thls class are absent.
" Draw inference with the help of Table 4.2.
Table 4.2 : Preliminary Tests for the Anions of Class II

S1. |Observation Inference Explanation/Reaction
. No. .
1. [Colourless, punéent -~ - + -
smelling gas is - {Cl maybe Cl (ag) + H (aq). - HC{g)

evolved, which gives present‘ '

white dense fumes of

. INH4C1 when a glass
rod dipped in aqueous
ammogi~ js placed in
the evolved. gas.

HCi{g) + NHj(g) y~ NH,Cl(g)

Detection of the Anions
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Sl | Observation Inference Explanation/Reaction

acquires a yellow-red -
colour. .

No,’ _
2. |Reddish brown gasis |Br maybe - o+ 2- N
evolved and the present - Br (aq) + 6H (fQ) +3504 (aq)
solution in the test hibe 2HSOj(aq) + SOx(g) + Bra(g) + 2H,0(1)

. 3. | Violet vapours of I are I maybe 2I (ag) + 6H+(aq) + 3SO§d(aq) —

evolved, which tum the

moist starch paper blue, present

2HSO4(aq) + SO4(g) + Ix(g) + 2H,0(l)

4. | Oily drops inside th - - Tt :
" e;tytubggsn l;ftlwe ¢ |F may be 2F (aq) +2H (aq) — 2HF(g)

. present
.pungent smelling gas
leaves a white deposit
on a moistened glass
rod.
S5, |[NOsmaybe  [NO3(aq) £ H'(aq) — HNOsag)
present 4HNO3(aq) — 4N02(g) +05(g) + 2H20(])

. |are evolved. The
evolution of NO,
incréases oh heating
the reaction mixture
with copper lumnings, .

Cu(s) + §HNOs(aq) —

Cu(N03)2(aq) + ZNOZ(g) + 2H20(l) '

e L

turns lime water milky |Present - colg+ COz(g) + H0(1)
|and-burns with' a blue E GG(OH)z(aCI) + COx(g) — CaCOg(s) + Hzo(l)

fldme : ~|colg) + Oz(g) — COx(e)

4.4 PREPARATION OF SOLUTION TOR
_IDENTIFICATION OF THE ANIONS

The preliminary tests described in the preceding section do not always offer very
conclusive evidence for the presence of anions in a mixture. Theérefore, further tests
have to be performed for confirmation of those anions which are indicated by the
preliminary tests and for the detection and confirmation of the anions of Class III
which have no preliminary tests, These tests are called confirmatory tests and are
performed on the solution of anions which is prepared as descrrbed bclow

. 44.1 Preparation of Water Extract

All common acetates, nitrites, nitrates and thiosulphates are soluble in watcr.
Confirmatory tests for these anions can be performed with the water extract of the
mixture, Water extract can be prepared by boiling 1-2 g of the mixture with-

10-15 cm’ of distilled water-in a boiling tube for a minute or two. Residue, if any, -
is fllterecl The filtrate is called water extract (W.E,).

4.4, 2 Preparatlon of Sodium Carbonate Extract

If the mixture is found to be partially cr wholly msquble in waler jt'is boiled wrth
saturated sodium carbonate solution, This treatment converts the anions present in
mixture into soluble sodium salts as a result of double decomposition, e.g.,

BaSO,(s) + NaZC03(aq) BaCOj4(s) + Na,S0,(aq)
PbClz(s) + Na2C03(aq) Pbcoﬂs) +2NaCl(aq)

For preparing sodium carbonate extract, take 0.5-1.0 g of powdered mixture,

1.0-20 g of sodium carbonate and 5 10 cm’ of distilled water in a hoiling tube crr a
50 ml beaker. Heat with stirring for 5-10 minutes. Cool the contents and filter, The .

filtrate is called sodium carbonate extract (S.E.). This extract is used for confirming

the presence of most anions except for carbopate since sodium carbonate has been

- added dvwring its preparation. -

e




45 _CONFIRMATORY TESTS FOR THE ANIONS | Deteton of e Anions

After preparation of the water extract or the sodtum carbonate extract, the followmg '
tests are performed to confirm the preseice of various amons in the mixture.

4.5.1 Tests for the Sulphide lons.

1.- Take'l cm’ of sodium carbonate extract in a test t'nbe andadd1-2 em’ of
sodium nitroprusside solution. A purple or violet colour confirms sulphide ions:

S*(aq) + [Fe(CN)NOJ™ (aq) — [Fe(CN)NOS]*(aq)
: ' : """ purple or violet colour
2. Take 1—2cm’ of S.E. in a test tube, acidify it with acetic acid and boil1o -
remove CO, . Then add 1-2 cmsl of lead acetate solution. Formation of black
_precipitate confirms sulphide ions: ! : '
s? “(aq) + Pb’ *(aq) —erS(s)
4.5, 2 Tests t‘or the Sulphite Ions

Take 2-3 em’ of . E. and add 2-3 cm of BaClz solution to it. A white precipitate

may appear due to the presence of SO_;, , SO4 or excess of CO3 ions present in the
solution. Filter the precipitate and dtvrde into three parts. '

1L ~ To the first part, add dil. HCI. Evolution of SO, gas’ whrch turns acidibied

drchromate paper green confirms the presence of SO; ions:

BaSOs(s) + 2H'(aq) — Ba’ *(aq) + SOz(g) +H0(1)

2. Tothe second part, add a few drops of KMnO4 solutton and acidify with dil.

H,SO,. If the pink colour of KMnO4 is drscharged the presence of SO3 jons i is '
confirmed: -

BaSOa(s) * HZO(I) - BaSO4(s) + 2H (aq +2e] x5

Mn04(aq) +8H'(aq) + 5¢ — Mn’ (aq) + 4I—I20(1)] X2
'5BaS0;(s) + 2Mn04(aq) +6H'(aq) — 2BaSO,(s) + 2Mn’ *(aq) + 3H20(l)

3. To the third part add Iz solutton If colour of iodine is dischagged, SO3 is
confrrmed .

BaS04(s) + I(aq) + H,O(l) — BaSO.,(s) + 2HI(aq
4.53 Tests for the Thtosulphate Ions

1. Take1-2 cm’ of S.E. in a test tube and acidify with dil. HZSO,, Evolutton of
SO, accompanied by a yellow precrprtate of sulphur confnms the presence of
thiosulphate ions: '

5,03 (8q) + 2H'(aq) — SO(g) + 5(s) + H0()

2. Takel-2 cm’ of S.E. in a test tube and acidify with acetic acid. Add 1 cm’ of -
AgNO; solution. Formation of white precipitate which turns yellow,
orange-brown and fmally black in quick succession confirms the presence of
thiosulphate ions: 0

520521_(3'39 +2Ag'(aq) — Ag;S,04(s)
AS:045) + HO() — AgiS() + 28 o)+ 507 (aq) _

- Black
UGCHE-L 6(11A) ) , . 9 -
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4.54 Tests for: the Nltrite Ions

| ‘1. Take5 drops of' W E.ina test tube. Dilute with 5 drops of distilied water. Add
* 5 M acetic acid until the solution is just acidic. Cool the test tube in a cold water

bath. Add 2-3 drops-of freshly prepared 0.2 M FeSO, solution to the cooled
soluuon Appeatance of a brown colour throughout the solutron confrrms the
presence of nitrite ions: : :

. NO3(aq) + CH3C00H(aq) - HNOz(aq) + CH_:,COO (aq)
3HNO,(aq) — 'HNO{aq) + 1‘-120(1) + 2N0(g)
[Fe(Hzo)ﬁ] (aq) +N0(g [Fe(H20)5N0] "(aq) + HO(1)

To 1.cm’ of W.E. add 5 drops of KI solution, 1 em % of starch salution and 1 cm3

- of dil. H;80,. Appearance of a deep blue colour oonflrms the presence of .
' mtnte rons : :

2N02(aq) # 4H'(aq) + 21 (aq) — 2NO(g) + Iz(aq) + 2H20(1)
Iz(aq) + Starch — ‘Blue coloured complex

. Take$ drops of W.E in a test tube, acidify with 6 M acetic acid. Add a pinch of

thiourea and stir well, Add 2 drops of FeCls solution. A blood red colour
conﬁrms mtrrtc ions:

NOo(aq) + H,NCSNH,(s) — Nz(g) + CNS (aq) ¥ H20(1

Fe3+(aq) + 3CNS "(aq) — Fe(SCN)s(aq)
(Blood red colour)

You should note that the mtrlte jonisa moderately strong oxrdlsmg agent in
acidic medium. It oxidises s” 303 . 8203 andI ionsto S, SO4 , 804 +8,

and [, rcspecnvely Therefore, these anions cannot be present if NO; ions are”
present in the mixture.

'Sz_(aq)‘+ NO;(aq) + 2H+(aq) ~ §(s) + NO(g) + H,O(l)
_ $0¥(ag) + 2NO3aq) + 2H'(aq) — SO% (ag) + 2NO(g) + H,0(1)
$,077(aq) + 2NO3(aq) + 2H'(aq) — SO3(aq) + S(s) + 2NO(g) + H,0(1)

21'(oq) + lZNOE(aq) + 4H+(aq) — I(s) + 21\«{0(g) + 2H,0(1)

4.5.5 'Tests for the Acetate Ions

1. Take 1 g of the mixture, 1 cm’ of conc. H,SO, and 2-3 em’ of rectified spirit in

a test tube. Warm the contents gently for several minutes. Ethyl acetate is
foimed, which can be recogrised by its pleasant, fruity odour. Th1s confirms the
presence of acetate ions in the mixture:

CH;CO0 (ag) + H'(aq) — CH,COOH(aq)

O .
: CH3COOCZH5(g) + H20(1)

CH;COOH(aq) + C;H;0H(aq)

I is preferable tc use iso-amyl alcohol, if easrly avarlable in the laboratory,
because the banana like odour of the resulting iso-amyl acetate is more readlly

" distinguished. -

. Take 0.5 em’ of W.E. in a test tube. Add Ba(N03)2 solutlon to precipitate SO4
- and P04 ions if present Filter the precxprtate and discard it. Now add 0.5 em’
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of 0. 1 M La(NO3)3 solution and add 0.01 M I soluuon dropw:se till the colour
. of 1, persists. Wait for a minute and add 1 drop of 1 M aqueous ammonia. If a
blue or blue-brown ring is developed around the ammonia drop within a few
- minutes, presence of acetate ions is confirmed. The ring probably develops due
to the adsorptlon of iodine by basic lanthanum acetate. :

4. 5.6 Tests for the Nitrate Ions

3

" Take 2 ¢m® W.E. in a test tube. Add 4 cm® concentrated sulphuric eeid, mix the two
liquids thorcughly and cool the mixture under a stream of cold water from the tap.

Pour-3 cm’ of saturated solution of FeSO, slowly down the side of the test tube so : S

- that it forms a separate layer on top of the $olution in the test tube. A brown rmg
will be formed at the zone of contact of the two liquids:

NO3(aq) + 4H'(aq) + 3Fe”"(aq) — 3Fe”'(ag) + NO(g) + 2H,0(1)
[Fe(H;0)]"(aq) + NO(g) — [Fe(H;0);NO]" (aq) + H,0(1)
This test for nitrate ion is based on its ability to oxidise Fe™* to Fe™* in acidic
solution with the production of NO gas. Since NO is more soluble in water at low
temperature, in well cooled solution it reacts with excess Fe " present in solution to

form brown mtrosyllron(II) complex ion, [Fe(HZO)sNO] . Nitrite, bromide and
iodide ions mterfere in this test. ‘

4.5.7 Tests for the Oxalate Ions

Take 2-3 cm’ of S.E. in a test tiibe. Acidify with acetic acid. Add-aqueous ammonia
till a smell of ammonia persists (you'may test with litmus paper). Heat for
2 minutes to remove excess of ammenia. Add CaCl, solution. Formatlon of 2 white

prec1p1tate indicates the presence of oxalate ions. _
c204 (aq) + Ca’ “(agq) — CaC04s )

Filter the precipitate and-dissolve it in dll HZSO4 Warm the solution and add 1 cm’ _
of KiMinO,solution. If pink colour is dlscharged with.the evolution of CO, gas, the
presence of oxalate ions is confirmed. T

CaC0(s) + 2'(aq) — HCO,(20) + Ca”(aa)
' 5H2Q04(aq) + 2Mn04(aq) +6H'(aq) — 10C0,(g) + 2Mn”*(aq) + 8H20(1)

4. 5 8 Tests for the Chlorlde Ions .

1. “Acidify 2-3 cm”® of S.E. with dil. HNO; . pmnff CO, . Then add AgNO,

solution. Formation of a curdy white prempltate which is soluble in aqueous
ammonia, confirms the presence.of 'chLor‘ide ions in the mixture.

Cl (aq\ +Ag (aq) — AgCl(s) _
AgCl(s) +2NH3(aq) [Ag(NH;),]"(ag) + ofag) .

2. Heat 0. 5 gof dry mixture w1th 0. S g0of K,Cr;O;and 2cm * of conc HZSO4 ina
dry test tube, red vapours of chrobmyl chloride will be evolved. Pass the vapours
. in dil. NaOH solution, a yellow solution will be obtained. Acidify the solutioh
with acetic acid and then add lead acetate solution. Formation of a yellow
precipitzie of lead chromate, which is squble in NaOH, confirms the presence
of chloride ions. :

4NaC1(s) + KoCry04(s) + 3H2504(1) - K2804(s) +2Na;SO,(s) + Cro,Cly(g) + 3H20(l)
Chromyl chloride gas

.'ﬁet_ccilo.n of l.he Anions.
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Qualitative Inorganic Analysis ' CrOZCl,,(gI + 4NaOH(aq) — Na,CrO4(aq) # 2NaCl(aq) + 2H20(1)
o ' NaZC104(aq) + Pb(CH,CO0)aq) — PbCrO4(s) + 2CH3COONa(aq)
Dueto the formauon of chromyl chloride gas, this test is called chromyl
. chlorlde test. The test fails if the mixture contams chlorides of Hg ,Sn”, Pb]
i _ | o or Ag' . .
4.5.9 Tests for the Bromide lons

1. . Acidify 2-3 cm” of S.E. with dil. HNO; and boil off CO, . Add AgNO;_

solution. Formation of a light yellow precipitate which is partially soluble in
aquedus ammonia’ solunon confmns the presencc of bromide jons:

Tl

Br (aq + Ag'(aq). — AgBr(s)
nght yellow ppt.

2. Take2cm’ of S. E., acidify it with dil. HCl and boil off CO, . Add 2 ¢m” of
. .""carbon dlsulphlde dlchloromethane or carbon tetrachloride, Then add chlorin
. water dropwise and shake Bromide ions are oxidised to bromine, which
imparts an orange coiour to the organic layer. This confirms the presence of
bromide ions in the mixture.

2Br (aq)} + Cly(aq) — ZCI'(aq) +Br(l) "~ - , [
Bry(l} + CSy(I) — Orange colour -
4.5.10 " Tests for the Iodide Ions

1. Acidify 2-3 em’ of S.E. with dil. HNOQ; and boil off CO,. Add AgNOQ, sclutio
Formation of a pale yellow precipitate insoluble in aqueous ammonia oonf:rmﬁ*
the presence of iodide ions in the mixtute.

I(aq) + Ag'(ag) — Agl(s)
Pale yellow ppt.
2. Take 2cm of S.E. in a test tube. Acndlfy it with dil. HCI and boil off CO,. Adc

2 cm’ of carbon dlsulphlde dichloromethane or carbon tctrachfonde Then add
chlorine water dropwise and shake. Iodide ions are oxidised to iodine, which
- imparts a violet colour to the organic layer.

- 1

2T (aq) + Cly(aq) — Ls) + 2CI(aq)
CSy(1) +I,(s) — Violet colour

The violet colour disappears on addition of excess of chlorine water. This
confirms the presence of iodide ions in the mixture: -

I(s) + Cly(aq) —> 2ICl(aq) ,
Iodine monochloride (¢olouriess)

4.511 Tests for the Fluoride Tons

1. Take 0 Sgc of powdered mixture, an equal amount of sand ard 2 cm’ of conc.
H,S0, in a dry test tube. Heat the test tube, vapours of SiF, will be given off.
Hold a moistened glass rod in the-vapours. Formation of a waxy white deposit

- on the glass rod, conflrms the presence of flucride ions in the mixture.

_ii, SO : - 4NaF(s) + SIOz(s) +4H,S,(1) — SiF(g) + 4NaHSO,(s) + 2H,0(l)

' ' - 3SiFy(g) + 4H,0() — H,SiOs) + 2H,SiF(aq) -
Silicicac’d  * Hydrofluosilicic acid
(waxy wk':e deposit)

4
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2. Take2cm’ of S.E. in a test tube. Acidify with acetic acid and boil off CO,.- ' : Detection of the Anions
/ Add CaCl; solution. A'white precipitate of CaF; may be formed. '

2F (aq) + Ca’ *(ag) — IC"*.Fz( s) . ' ' | -

Filter the precipitate and dissolve it in dil. H,SO,.. Warm and add a few drops
of KMnO,. Pink colour of KMnO, is not discharged (difference from oxalate). -
This confirms the presence of flouride ions in the mixture.

So far we have discussed the confirmatory tests for the anions of Class1 and II
which are indicated by preliminary tests with sulphuric acid. Now, we shall .
discuss the confirmatory tests for the anjons of Class I11, i.e. , Sulphate,
phosphate and borate ions, which are not indicated by prehmmary tests.

4 5.12 Test for the Sulphate Jons

Take 2-3 cm’ of S.E. in a test tube. Acidiy it with dil. HCI and boil off CO, . Add
BaCl, solution. Appearance of a white precipitate, which is. 1nso]uble in conc. HCI
mnd con¢. HNQj, confirms the presence of sulphate jons.

SOE_(aQ) + Ba2+(aq) — BaSQ0,(s)
1.5.13 Tests for the Phosphate Jons

Fake 1-2 cm’ of S.E. in a test tube, acidify it with 6 M HNO, and then add 2-3 cm’
>f ammonium molybdate solution. Warm the solution gently to 40° C. A canary
rellow precipitate is slowly formed, which is soluble in ammonium acetate,

iqueous ammonia and caustic alkali. This confirms the presence of phosphate ions.

HPO.,z'(aq) + 3NH;(aq) + 12Mo0>(aq) + 23H(aq) — _
(NH)s[P(Mo:016).)(s) + 12H,0(1)
Ammonium phosphomolybdate

Arsenate ion 1nterferes in this test, as it also produces a similar yellow precipitate of
mmonium arsenomolybdate

AsQ; (aq) + 3NH,(aq) + 12M004 (aq) + 24H (ag) — _
: " (NHa)s[As(Mo3044),)(s) + 12H;0(1)

3oth ammonium phosphomolybdate and ammonium arsenomolybdate dissolve on
roiling with ammonium acetate solution, but only the latter yields a white -
wecipitate on cooling. The presence of phosphate ions in the mixture is further
:onfirmed by testing in the flltratc of Group IT after precipitation of As,S; or AsSs
s follows:

“ake 2~3 cm’ of the flltrate in a china dlSh and b01l off H,S from it. Add 1 cm’ of

»M HNO; and 1 cm’ 6f ammonium molybdate solution. Warm and wait for

mmutes If a yellow precipitate is formed, it confirms the presence of phosphate
ons in the mixture. ’ '

1.5.14 Test for the Borate Itms'

"he test for borate ions is based on the reaction of borate ions with methanol in
resence of concenjrated svlphuric acid, which acts a5 a dehydrati: 1g agent. On
ealing volatile methyl borate is formsd, which burns with a green edgcd flame.
“his confirms the presznce of borate lons:

conc.H 2504

Bog_(a-q) + 3ﬁ*(aq) + 3CH,0H(1) B(OCH,),(g) + 31—120(1)
2B(OCH;)s(g) + 904(g) — ByOs(s) + chz(g) + 9H0O(1) - ~
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"u

. Isolate the vapours from the mrxture before burning otherwise Ba™ and Cu salts
‘interfere because the5° salts also impart a green colour to the alcohol flame.

"Take 0.5:g of the mixture, 1 cm ? of concentrated sulphuric acid and 1 em® of

i -methanol or ethanol'in a china dish. Invert a funnel in the dish. Place the dishon s

wire gauze and heat gently Allow the vapours to pass out off the stem of the

i ' funnel. Burn the vapours A green coloured flame eonfmns borate ions in the
.. mixture. - , s . '

: 46 SPECIAL TESTS FQR THE MIXTURES OF

THE ANIONS

' .Con'firmatory tests for some anions discussed in the preceding section fail in
~ presence of certain other anions in the mixture.-For example, the silver nitrate test
... forthe bromtde ions fails if iodide ions are also present jn the mixture, because both

form a yellow precipitate with silver nitraté. In this section, we shall discuss the

_ confirmatory tests for anions which can be performed in presence of other anions also.

4.6.1 Test for Carbonete Tons in Presence of Sulphite andfor -

- :.Thiosulphate Tons

i Sulphrtes and thtosulphates on, treatment with dil. HZSO4 produce SO,, which like -
. COtumns’ lime water turbid of milky. Hence, it cannot be inferred whether the .
* turbidity is due to carbonate,’ sulphrte or thiosulphate.

 Ca(OH),(2q) + €O4(g) — CaCOy(s) + HO(1)
Ca(OH)s(aq) + SO4(g) = CaSOs(s) + H0(1)

I order to test for carbonate ions in presence of sulphlte or thlosulphate ions, take:
0.5 g ‘of mixture and 0.5 g of K;Cr;0- in a test tube. Add 2-3 cm of dil. H,80, .

“Héat the test tube and pass the evolved gas through lime water. If limewater turns
- rhilky, it confirms the presence of carbonate ions in the mixture. SO, liberated by

reactjon of sulphite and/or throsulphate with d11 HZSO4 is trapped by KZCrZO-, in the
test tube whrch turns green.”

CrzO-, (aq) + 2H (aq) +3802(g) - 20r (aq) + H;O(l) + 3804 (aq)

| 4 6 2 ’I-‘ests for Nitrate Ions in Presence of Nltrlte Ions

In presence of nitrite, nitrate cannot be tested either by heatmg with cong. r{2504 or by

" the ring test because both liberate NO, . Therefore, nitrite must be destroyed
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oompletely before te,stmg for the mtrate Nitrite ions can be destroyed by any one of the |

) followmg methods

8 1 Add sulphamrc acld HzNSOSH 10 the water extract contammg NO. and NO;,

14l

-jons. Acidify, the solution with dilute H,S0,. Nrtnte will be decomposed and
- nrtrogen gas will be evolved. .

. HZNSO3H(aq)+N02(aq — HNOz(aq)+H2NSO 5(aq)
& 'izNSOs(aq) + HNOz(aq) - Nz(g) +H' (aq) + 0% (aq) + HzO(l)

2. .'Take 2-3 cm > of water extract, add 1 g sohd NH,Cl and boil- trll effervescence

,-ceases, T - e

>

N Noz(aq) + NH4Cl(aq) =» Ny(g) + ZHZO(I) + Cl (aq)

3 Take 23 cm of water extract, add urea and acrdrfy with dil. H2804 Boil the

' 'solutlon T.lll eVOlutrdn of gases: ceases

NH,CONH,(aq) + 2N02(aq) +2H. (aq)- = 2N2(g3 + COz(g) + 3H,0(l)

L
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4.6.3 Tests for Nitrate Ions in Presence of Bromide and/orl lodide Tons *

L

Nr/)w divide the nitrite free solution thus obtained in two parts.
a) Perform ring test with one part to confirm the presence of nitrate ions.

b) Acidify the other part with dil. H,SO, . Add a little Kl and 1 cm’ starch

" solution. Absence of any blue colour indicates the complete removal of
nitrite ions. Now add a piece of granulated zinc to the solution. Appearance
of a blue colour confirms the presence of nitrate ions:

Zn(s)+ 2H'(aq) — Zn" (aq + 2H(g)
N03(aq) + ZH(E) - NOz(aq +HO() "
21 (aq) + 2NO{aq) + 4H (aq) —» 2N0(g) + Ix(s) + 2H20(l)

Iy(s) + Starch — Blue coloured complex

Bromide and iodide interfere in the ring test of nitrate becatise of the colour of
liberated bromine and iodine. In crder to identify nitrate in presence of iodide

_and/or bromide, the interfering halide should be expelled before performing the

ring test. This can be done by boiling 2-3 cm ? of water extract or.sodium -

" . carbonate extract wrth excess of chlorine water m a china dish, till no more, N

_ vapours of Bryor I, evolve:

2Br (aq) + Cly(aq) = 2CI'(aq) + Bry(g) ‘
2I'(aq) + Cly(aq) — 2CI(aq) + Iz"(g
Now perform the ring test on the halide free sohmon to identify the nitrate ion
in the mixture.
Atz 1 niively, take 2—3 cm ? of water e‘rtract m a test tube. Acidify wrth dil.
stO,, Now add 1.cm of KI solutron 1 cm’ of starch solution ard a fcw

granules of zinc. Appearance of a blué colour confirms the presbnce of mlrate '

ions in the mrxture .
Zn(s) + 2H-+(aq)"‘-—- Zn*'(aq) N 2H(g)
' NOj (aq)+2H (g) — NO; (aq) +H0 (L)
2T'(aq) + 2NO3(aq) + 4H"™ — 2NO (g) + L(g) + 2H,0()
I, + Starch ' — Blue 'colourcd complex

4.6.4 Tests for Chloride, Bromlde and Iodide Ions in Presence of Each

Other

As you know that chloride, bromide and iodide ions reaétWrth AgNO; solution to

form a precipitate, special tests are required 1o identify if i more than one of them are

present in the mixture. These anions can be detected in presence of one another by
any one of the followmg methods:

1.

Acidify 2-3 em” of S.E. with excess of dil. H2S0¢ in a china drsh Add 0. 5 g of

- peotassium persulphate and heat ger_rt]y Add distilled water if necessary to
‘prevent dryness, Evolution of violet vapours of I, will confirm the presence of -

I ions.

21 (aq). + Szos (aq) ~ 280; (aq) + Li{g)

Boﬂ tili evolution of I, ceases: If the solutlon after elrmmatlon of I is brown, it |

indicates the presence of Br ions. Contmue boiling, brown vapours of Brz wrll
"be evolved: : -

Deltection ol'l.he-A'nipus
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Qualitative Inorgenic Analysts

2Br (aq) + $,0¢ (aq) — 2507 (aq) + Bry(g)
. Add more K,S,0; if required. Continue b.qiling till the reéidual solution
becomes colourless. Cool the solution, add dil. HNO; and AgNO, solution. A

curdy white precipitate soluble in ammonia conflrms the presence of cr ions in
the mixture: .

ClI (aq) + Ag (aq) - AgCi(s)
AgCl(S) + 2NHy(aq) — [Ag(NH:);]'(aq) + Ci'(aq)

2. Acidify2-3 cm'’ of S.E. with dil. H;S80, in a china dish. Boil oft CO, . Add
solid sodium nitrite and boil. Evoluuon ot' violet vapours of I, conflrm‘; the
presence of xodlde ions:

2NO3(aq) + 21 (aq) +4H (aq) — 2NO(g) + I{g) + 2H20(I)

. Add distilled water if necessary to prevent dryness. Continue boiling till all
iodine is expelled. Cool the solution and divide into 2 parts.

- To 1stpaxtadd lem s, (or CH,Cl; or CC14) 2 cm?® chlorine water and shake.
- Appearance of an orange colour in organic layer confirms the presence of bromide ions:

._?,Br'(aq) + C‘l:('aq) — 2Cl;(aq) + Bry(1)
CS,(1) + Brz(l) — Orange colour

. If Br is present, boil the 2nd part with 1 em’ of cone. HNO-,» to expel Br, gas.
o _This treatment can be avoided if Br ion is absent. Then add AgNOQ; solution.
Formanon ofa curdy white precipitate confirms the presence of Cl” jons:

2Br “(aq) + 2NO3(aq) + 4H (aq) - 2N02(g) + Bry(g) + ZHQO(I)
Cl(aq) + Ag (aq) — AgCl(s)
4. 6 5 Tests l'or Bromide and Iodide Ions in Presence of Each Other -
Take 2-3 cm’ of S.E. in a test tube and acidify with dil. HCl. Add 2 cm’ of

CS; (or CH,Cl; or CCl, ) and chiorine water dropwise with shaking. Appearance of
violet colour in organic fayer confirms iodide ions-in the mlxture

20 (aq) + Clz(aq) — 2CI (aq) + Iy(s)
Iy(s) + CS,(1) — Violet colour -

Contmue addmg chlorine water and _shakmg till violet colour disappears due to the
fp:matlon of colourless iodic acid:

L(s) + SClz(aq) + 6H,0(1) — 12H+(aq) + 10Clj(aq) + ZIC;(aq)

Continue adding chlorine water and shaking. If the organic layer becomes orange,

. bromide is confirmed

2Br (aq) + Cly{aq) — Bry(l) + 2CI (aq)
CS,(1) + Bry(l) ~ Orange colour -

4.6.6 Tests for Sulphlde, Sulphite, Thlosulphate and Sulphate lons in
Presence of Each Another

Tdke 2-3cm’ of 8. E. contammg the above anions in a lest tube, Add solid CdCO;
If a yeliow precipitate is formed, sulphlde ion is confirined.

S2 {aq) + CdCO;4(s} — ,Cds(s) + CO3 “(aq)

Filter the preC1p1tate and add Sr(NO3)2 squtlon A white prec1p1tate may be
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obtamed due to the formation of SrCOa, SrS0; and SrSO4 . : Detection of the Anlons

C03 “(aq) +Sr (aq) - SrC03(s)
SO3 “(aq) +81° *(aq) — SrCOa(s)
SO4 (aq) +5F (aq) = SrSO4s) .

Sr8,0, being soluble will remain ini the solution. Filter the prec:pxtate and proceed
- as follows: .

Filtrate may contain 5r5;03. Add a few drops of | Residue may contain

| AgNO; solution. A white precipitate tuming yeilow, SrCO3, StSO; and SrS0O4. Add dil.
orange, brown and finally black confirms thiosulphate. HCI and filter
8 O (aq) +2A *laq) — AgaS;04(s) - | Filtrate may contain White
2 3 o) & e 82723 $1S0;. Add conc. HNOj | residue of
A325’03(5) * HZO(D — Ag;S(s) + 2H (aq) + 504 (29) | and heat; Formation of a | S04

$1504(s) |of sulphate
) ions

4.6.7 Test for Sulphate Ions in the Presence of Fluoride lons

. Since BaF; also is insoluble in dil. HCI, the presence of F ions interferes With the

. BaCl, test for.the 504 ions. But in dilute acetic acid, PbF, is soluble whereas
PbSO4 is insoluble. Therefore, the following test is employed for the identification_

-

of SO4 -ions in the presence of F_ions.

Take 2-3 cm of S.E. in a test tube. Acidify with dilute acetic acid and boﬂ off C02
Now add lead aoetatc solution. Formahon of a whlte prempﬂate confirms the ~
presence of SO2™ ions in'the mixture. : '

SO¥ (aq) + Pb™'(aq) — PbSO4(s)

4.7 REMOVAL OF INTERFERING ANIONS

Most of the fluorides, borates, oxalates and phosphates are soluble in dllute strong
acids but are insoluble in neutral and basic solutions. Therefore, when aqueous
ammoma solunon is added to the filtrate of Group I, not only the hydroxides of

AT Cr * and Fe' precipitate, but the fluorides, borates, oxalate or phosphates of
cauons of Group 11l to VI also precipitate from the solution. In this way, these :
anions interfere in the analysis of cations of Group III to VL Therefore, fluoride,
borate, oxalate and phosphate are.known as interfering anions. These anions must
be eliminated before proceeding for precipitation of the cations of Groyp III

4.7.1 Removal of Oxalate Jons

Oxalate i jons can be removed by rcpeatedly evaporating the SOIld mlxture or the
filtraté of Group II with concentrated nitric acid to near dryness. This process is
repeated several times until the residue gives a negative test for the oxalate ions.
Nitric acid oxidises the oxalate ions to CO, and water.

C>.04 “(aq) + 2NO5(aq) + 4H "aq) — 2C0Ag) + 2N02(g) + 2H20(1)
T ake the iltrate of Group 11 in a china dish. Boil off st (test with lead acetate |

paper). Add 2-3 crn3 of conc. HNO; and evaporate to near dryness. Do not heat the
residue to complete dryness as iron(1II) oxide, chromium(III) oxide and aluminium
(111) oxide are rendered insoluble. Repeat the process 2-3 limes until the residue
gives a negative test for oxalate ions. Dissolve the residue in dil. HCl and use¢ the

s olution for the analysxs of cations of Group III-VI.

Black white ppt. confirms confirms .
sulphite ions. the o ..
“|S180Q3(aq) + O — presence -
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" Take the flltrate of Group i in a china dish; Boil off H,S (test with lead acetate 2 -

- - paper): Add 2-3 em® of cone. HCl and evap(nate to almost dryness Repeat the -
" process 2-3 times'till fluoride ions are completély eliminated. Extract the res:dué in

4.7.3 Removal of Borate Ions = , Pt
/Boﬂ off HZS from the. ﬁltrate of Group I taken m 4 china drsh (test wrth Iead

4, 7.2 Removal: ot‘ Fluor!de lons .

Fluorrde ions can be removed by repeatedly evaporating the dry mixture or the
filtrate of Group II with conc. HCl in a chma dish, Fluonde ions are volatlhsed off

as hydroﬂuonc acid;

F(aq) +H'aq) - HF(g}

dil. HC] and use the solutron for the. analysrs ofthe catrons of Group III-VI

: acetate paper) Evaporate to almost dryness Cool and: add 2 cm of conc HCl and
2 cm3 of methyl or ethy[ aleohol A]ternatwe]y take 0.5 g of the dry mlxture in a:

H
S

. acetate paper). Add a few drops of conc. HNO; and adjust the HCl concentration so o

- 4.8 SUMMARY

- chrna dish and add 2-em’f 'cone. HCI and 2<em’ of methy! orethyl alcokiol. Heat
. on.a water bath until nearly dry. Repeat this process a second tlme Borate fons are -
_ volatrlrsed off as methyl or ethyl borate :

B03 (aq) + 3CH30H(aq) + 3H (aq) - B(OCH3)3(g) + 3H20(l)

_;:V'Fmally extract the: resrdue in 2—3 crn of dil. HCl and usg; for the analysrs of catrons
'ZofGroupHI~VI SRR S ey I

o 4 74. Removal of Phosphate Ions '

Removal of phosphate-ions is based on the fact that. zrrconyl phosphate,
ZrO(HPO,),, is precrpltated from a solution contammg hydroch]oric acid not
exceeding 1M concentratlon ' :

HPO., (aq) +Zr0° (aq) - ZrO(HPO4)2(s) .
The precrprtate is of variable composrtlon dependmg on the concentratlons of

Zro™ P04 andH' ions. Specles like Zr(HPO4)2. ZrP04 and ZrO(H2P04)2 may be o

formed.
Transfer the filtrate of Group II ina chma drsh and boil off H,S (test with: lead

that it does not exceed 1IM. Add 1.0-2.0 g solid- NH,CI . Then add zirconyl mtrate

“solution dropwise and stir with a glass fod. Heat on a boiling water'bath for 2

minutes. Cool and filter, Add a few more drops of zircony} nitrate solution to make ’

. sure that all the phosphate ions have been precrprtated Use the filtrate for the

analysis ¢f catrons of Group 1II- VI

R

In thls umt you leamt the tests for detection and |dent1f1eauon of mdrvrdual anions, -
which may be present in‘an inorganic mixture. You also learnt special tests for the
mixture of the anions. Certain anions, ¢.g., the oxalate, fluoride, borate and the -
phosphate, if present in a mixture, interfere in the scheme of identificafion of the
cations present in the mixture. These anions are.cslled the. interfering anions..

‘Therefore, the mter,t‘ermg anions should be identitted and then removed before )
‘attempting to 1dent1fy the cations present in the mixture. You also learnt the tests for
the identification of the: interfering anions and the treatment which shouId be given
- to the mixture for the removal of the. |nterfermg anions. - - :
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UNIT 5 DETECTION OF THE CATIONS-I

Structure
"5.1  Introduction
. Objectives

5.2 . Classification of Cations into Analyncal Groups

5.3  Solubility and Solubility Product
.. Relation Between Solubility and Solubility Product
Use of Solubility Products in Comparing Relalive Solubilities of Salts

54 The Common Ion Effect
5.5 Complex Formation -

5.6 The Separatlon of Canons into- Analytlcal Groups
‘ The Precipitation of Group 1 Cations
" “The Sepatation of Group 11 Cations from Group v Catmns
The Precipitation of Group I1I Cations
The Precipitation of Group V Cations

5.7 The Dissolution of Precipitates
. By Converting Anion into a Weak Electrol yte
~ By Converting Anion int) Another Species by Redox Reaction
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58 'Summary ' R
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51 INTRODUCTION .

‘InUnit 4 you studied the detectlon of the amons present in a mixture, Therem you
have learnt that the anions are classified into groups. For carrying out the detection
-of anions, group tests are first performed to find out the presence or absence of a
group of anions. Individual anions of a group are then 1denuf1ed by performing

_ speclflc tests for anions.

In this unit and in the followmg unit you w1ll learn the scheme of analysis of the

‘cations present in any mixture. You may be requu'ed to detect the presence of three

or four cations in a mlxture

'The schieme of analysis of cations also, which you will study in this course,
involves separation of cations into several groups and then identification of
individual cations. This scheme of analysis is based upon the concepts of solubility,
solubility product, common ion effect and complex formation. In‘this unit you will
_study these concepts and their application in qualitative analysis. In the foliowing
" . unit you will study the actual scheme of analysns and the tests and reactlons ‘
lnvolved in the scheme : : '

Objectives |

. After studying this umt you should be able to:
. defme solublhty, solub1hty product and explain the relanon between them, _
. calculate solublhty product from solub:hty data and v1ce-versa,

¢ cxplain Lhe appllf'auon of soiublln‘.y product data i in classification and analysns of

cations, .
. explamthecommon 1oneffect Ty

) descnbe the effect of eomplex format:on on the solubility of a salt

".’
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a mlxture out of the followmg 26 cations:

Ag' HeZ, Pb® Hg,Cu Cd™, Bi™, As™  As™, $b%, 5™, su® sn®, A, ¢

° descnbe the condltlons for selective prcc1p1tauon of a salt from solutlon, and

° explaul how to adjust the concentratlon of an jon in soluuon

5. 2 CLASSIFICATION OF CATIONS INTO

ANALYTICAL GROUPS

In this course: you may be requ:red to detect the presence of three or four cations in

-

3

3+

Fe™ 'z , Mn®, Ni¥*, Co” Ba ,Sr, Ca™*, Mg™, K', and NH;.

A If we had separate specific tests for each of these ions and each such test was

applicable to an individual ion even in presence of others; thén we could apply them
ong by one and thus detect different ions presentin any mixture, although it would

bea cumbersome process. But, we do not have such tests which will be applicable

only to individual cations and will not be mterfered by other cations.

Therefore, a systematic scheme of identification of cations in any-mixture has been
developed. In this scheme cations are first separated into seven small groups and
then cations of cach group are identified mdlv:dually by applymg specific tests.

" ‘The separation of cations into groups is based on similar chemical properties. For

example, formation of a precipitate on reaction with some common reagent. Thus, -
when dllute hydrochloric acid (0.2 M}.is added to a selution of various cations, only

Ag ng and Fb™" form a white prec1p1tate (Wthh canbe flltered) whereas all the

~ other cations remain in solution. Ag ng and Pb”" constitute analytical Group I of

the scheme and dilute hydrochloric acid is the group reagent of Group L.

Classification of cations along with group reagents and the formulae of precnpnates ‘
" formed is- gwen in Table 5.1. -

Table 5.1 Classnﬁcauou of Catlous into Analyhcal Groups

Analytical  Cations Group reagent Precipitate
group . , :

- ) 2 2 b : ’ -
I Ag' Heo pp 0.2M HC) - AgCl, Hg,Cl,, PbCl,
HoSin
presence of
0.3 M HCl

PbS, HgS, CdS, Cus,,.
BizSB, A5253, A.sts,.
Sb283, szs_s. SnS and

' SnSz

 Al(OH);, Cr{(OH);, Fe(OH);

) - ) 3 7 V "
I P, Hg“" - .o
' B As As ,Sb”"

Sl:r ,Sn ,Sn

0.1M

NH40H in
presence of |
1.5 M NH,CI

HzS in
 presence of
NH4Cl and

NH,OH -
(NH,),CO; in
presence of

NH,Cland _
NH,OH

VI ‘ Mg2+ - (N-H4)2HPO4 in
: presence cf
NH,CI and
NH40H

No commen
group reagernt - R

mo . A e R
ZnS, MnS, CoS, Ni§

w o zo Mn™, o, Ni*

CaCO; , $tCO;3 , BaCO,

2 2.
v ca® s, B>

Mg(NH,)PO,

Zero K, NH;




You should realise that an analyticel group number in the above table does not refer
to a group number in the periodic table. 7

Ciassification of cations into analytical groups as shown in Table 5.1 is based on
whether or not a cation forms an insoluble salt on reacting with a group reagent
under specified conditions. Thus, all catiors which form an insoluble salt on
reacting with a group reagent fall in one anilytical group. Whether a salt will be
soluble or insoluble in a solution, depends on the solubility and the solubility
product of the salt which you will study in the next section. But before that you may
like to try the following SAQ. . .

SAQ1

Both Cu®* and Co®* form a prec:pitate on reaction with HZS, then why do they
‘belong to two different analytical groups? Explain in one or two sentences.

----------------------------------------------------------------------------------------------------------------------------------------

53 SOLUBILITY AND SOLUBILITY PRODUCT

When a solid is added to a given amount of so]vent., lhe SO]ld has a tendency to pass into
solution. If we go on adding the solid to the solution at a given temperature, a state is
reached when some of the solid remains undissolved. The solution is then said to be
saturated, The amount of solute that can be dissolved in a specified amount of
solvent at a specified temperature to give a saturated solution is called its solublity.
Solubility is generally expressed in the units of moles per cubic decimeter

(mol dm™ ) or in grams per cubic decimeter (g dm™ ) Solubility when expressed in
moles per cubic decimeter is called molar solubility and when expressed in grams
per. cubic decimeter is called gram solubility.

- Nearly all compounds dissolve in water to some extent, their solubility varying over a
very wide range. Compounds.that dissolve in water to give a solution with a concentration
of about 0.02 meles per cubic decimeter at room temperature are usually considered as
soluble compounds, If the concentration of the solution of a compound is less than

0.02 mol dm"™ *at room temperature, the compound is classified as sparingly soluble.
Silver chloride with a solubility of 1.37 x 10"° mol dm™ in water indeed is a
sparinglysolubie salt. As a resuit when silver chloride is placed in water, only-a -

very small amount of it dissolves in water to give a saturated solution. As you know
that all the sparingly soluble salts are strong ciectrolytcs the AgCl that dissolves-

will be completely Gissociated into Ag" and CI ions, Thus there will be an
equilibrium between undissolved AgCl and its ions in solution:

H,O

AGCIS) s AgCI(a0) e Ag(aq) +CTag)
The equilibrium constant for the above reaction can be written us:
I [Ag'][CI] " (Eq. 5:1)
%= Tasci)]
Water is not included in the above expression because it is neither consumed nor .
pi'b;luced in the reaction. The terms {Ag’] and [Cl ] in the above expression

represent the concentrations of Ag” and CI” ions in moles per cubic decimeter when
the reaction is at equilibrium and the solution is saturated with AgCl. The term
[AgCl(s}] represents the concentration of solid AgCl i'e., the number of moles of
AgCl in one cubic decimeter of solid AgCl, which can be calculated from the
density and mo]ecular weight of AgCi. Thus,

< Detection of the Catlons.|

21




' Qualliative 'lno:'ginlc Analysls .

2

'  Voleme x density 1000 x 5.56
: [A.gCl(s)'} " molecular weight ~ - 143.34

= 388 mol/dm’ = constant .
Hence, from equation 5.1, you wili gst, .. : '
K. x [AgCI(s)] = [Ag'}[CI]
Smce, the product of K, and [AgCl(s)] will be oonstant we 'can mtroduoe anew

* constant K,P in place.of K, x [AgCl(s)]. Hence,. -

K. x [AgCl(s)] = K,, = [As"] [cr). (Eq.5.2) -
Here, K,P is known as solnbillty product constant or simply solublllty product
In general for any sparingly soluble salt llke AB, whlch may d:ssoc:ate as -

* following: i .
T AR "Ay (ag) + yB"(aq)
The equilibrium constanth L][E s
| [A B,(s)]
or - K.x[AB/s)] = K,, = [A"T* [B‘j" . (E‘,q 53)

- Expressed in words the solubility product constant of a-sparingly soluble salt is

equal to the product of ¢concentrations of ions in its saturated solution with
each concentration raised to the power equal to the number of ions in one

. formula unit of the compound. Solubility product constants of some common

morgamc salts are listed i in Table 5.2.

Table 52: Solubll]ty Product Constnnts at25*C

Nawe of Solid ~ Formula Rsp

Aluminium hydroxide ~ - Al(CH)3 1 9 % 10
' Aluminium phosphate - AlPOy 13 x 10
Antimony sulphide - SbaS; 20%10°°
Barium carbonate BaCO; .- 81x10"
Barium hydroxide . B.a(Oﬁ)z,  50x10°
Barium sulphate ' o Ba.SO4 | Lix10 0
Bismuth sulphide BisSs 20 10'52.
Cadmium sulphide Cdsl 4.0 x. 10"'-29
Calcium carbonate _ CaCOy 4.8 x 10—9

" | Calcium hydroxide o Ca(OH), , 79%10°
Cobalt sulphide (o)’ Cos(a) D o
Copper(Il) sulphide ‘ cus 8.7 x107°
Iron() hydroxide = Fe(OH), 80x 10"
Iron(IT) hydroxide . Fe(OH); €3x10°"
Iron(Il) sulphide FeS 50x 1078
Iron(III) sulphide © T FesSy 10x 107
Lead chloride PbCizh 16x10"




Leadsulphide PbS  8ox107
|' | Magnesium carbonate MgCO; 40x10°
Magnesnlm hydro:nde - Nig(OH); . 15x 10}
Manganese(ll) hydrmude -~ Mn(OH) . = . ' 2.0 x 107"
Manganese(ﬂ) sulphide MnS " 50x 10'15
Mercuty(l) ch]or-ide o HgxClp | X | 11x107°
Mercury(Il) sulphide =~ - HgS R . 30x10™
Nickel hyd'roxide‘ o o Ni(OH); . 20x107"
Nickel sulphide (a ) - NiS(a) ‘3.0 x 107
Silverbromide A sox10™®
Silver.chloride : T agd : .1.8 x 10:10
Silver ioeiide; - - Ad 1;5 x 10
Silver sulphide - AgS _ 70x10™"
Strontium carbonate . 51C03 - 9.4x107°
Strontium hydroside “Sr(OH), 32%107
Strontium sulphate \ " 5180y | 28 %107
Tin{II) sulphide S1S o 80x 1072
Zinc hydroxide Zn(CH); 45 % 15'”
Zinc sulphide o ZnS T 1™

*. When freshly prec:puated from basic solution, the more solyble alpha (o}
forms of CoS and Ni§ are formed.

- Before we discuss the relation between solubility and solubility product, you may
like to attempt SAQ 2 on solubility product constant.

SAQ 2
_ Write solubility product express:ons for- saturated solunons of Ag2CO3 and B:-S3

-........uu.u-.....-....---..--u---.n|.n..u---.....--.----"-.“..u-u...-..--.--.--.".-un-.--...--..-- ..................

'~ 5.3.1 Relation Between Solubility and Solublhty Product

Y ou have studied the concepts of solubility and solubility produét. We will now establish
a relation between the two so that you could find out the one if you know the other.

Let S mol dm be the solubility of the sparingly soluble salt A,B,, then the
‘ correspondmg concentratnons of cations and anions in its saturated solution will be

xS mol dm and ¥S mol dm™> , respectively:

‘ H,0 H;0 y
' T ARG == A By(aq) == xA (aq) + yB (aq)
: x8§ yS

Substituting the values of [ A ]and [ B"' ]in Eq. 5.3, we get,

Detection of the Catlons-I
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DKy = xSTyST | .

o K,=x-y.8" | o (Ea. 54}
Can you apply Eq. 5.4 to find out the relation between the solubrhty and the
solubility product constant t'or AgCl, CaF, and As,S; ?

IncaseongCl X = 1,y = 1, hence from Eq. 5.4
. l+l 2

‘ K (AgCl) = §'*' = 5

. Since the solubility of AgCl at 25° Cis 1.37 x 10° mol dm

¢ K,P(AgCl) - (137::10 ) - 1.88 x 107°
IncaseofCan,wehavex - 1 y =3, hencefromEq 5.4,

K, (CaFy) = 1'.2°.8"% = 45’

‘In case of Aszs_;,, wehavex = 2,y = 3, hence from Eq. 5.4,

K,, (As,S;) = 2°- 3 8% w4278’ = 1088°

Thus, if yoi know the solubitity of a spanngly soluble salt, its solubility product
constant can be easily calculated and vice-versa.

SAQ3 |
* Solubility product constant of CaF, is 4.0 x _10'", can you calculate the solubility of . |
CaF, in water? - ‘ | . ' )

T Ty T T T L L L T T e L P R R T R R R LR LR LN L R L DL LA il bl bbbl

RTTT T T LT L T T T TP TP PP O PP TPY PR L A PETTY TR P I PR T e TP E R R RPN RIS R L L I R L LR L LA EE L LA L

---------------------------------------------------------------------------------------------------------------------------------------

53.2 Useof Solublllty Products i in Comparmg Relative Solubllitlos of
Salts

The value of dissociation constant, K., of an acid, HA, is directly proportional to the
concentration of H,0" jons furnished by the ac:d in solution:
" HA + H,0=— H;0 *(aq) + A (aq)
- _ [HO')[A]
Ki="—4mo
[HA}
You can see that the value of K_ is directly proportional to the concentration of

H;0" in solution or in othcrwords to the strength of the ac1d Thus, by looking at
the following K, values, you can immediately conclude that formic acid is a
stronger acid than acetic acid:

Formic acid (HCOOH), K, = 1.8 x 107

Acetlc acid (CH;COOH), K, = 18 x 107

-Similarly the value of dissociation constant, Kb, of a base B, is dn'cctly proport:onal

to the concentration of OH ions furnished by the base in solution:

B+ HOe=— HB (aq) + OH “(aq)




K;
| ST T
By comparing the dissociation constants of methylamine (K, = 4.8 x 107*) and

ammonia (K, = 1.8 x 10'5), you can immediately say that the former is a stronger
“base than the latter. ’

wa the question arises, can we in the same manner use the solubility product dgta,
to compare the relative solubilities of salts in solution?

 Answer is yes, if the salts produce the same number of cations and anions in )
solution. For example, CuS and NiS produce the same number of cations and

anions in solution and their solubility products are 8.7 x 10~ and 3.0 x 107 )

respectively. For these salts K, = S’ therefore you can immediately conclude that
the solubility of NiS is higher than that of CuS in water.

But, if the salts produce different number of cations and anions on diésolution in
Wwater, you cannot predict their relative solubilities so easily from their solubility
product data. Although the solubility product of CaCO, ( 4.8 x 10 ) is larger than

that of Ag,CO, ( 8.1x 107 ), it will be erroneous to conclude that CaCO, is more
soluble than Ag,CO; in water becauge they do not produce the same number of jons

in solution. In fact CaCO; is Iess soluble (6.9 x 10™ mol dm™) than Ag,CO,
(1.3 x 107 mol dm”) in water. 3

5.4 THE COMMON ION EFFECT

" In preceding section, you studied the relation between solubility and solubility
product of a sparingly soluble salt. In this section, you will study the common ion

" effect which in fact means the effect of common jons on the solubility of a '
sparingly soluble salt.

By a common ion we mean ar jon that is common to iwo substances in the same
solution/mixture. For ¢xample, the common ion in a solution of a mixture of AgCl

and AgNO, is the Ag” ion. Simila:ly the common jon in a solution of a mixture of
AgCl and NaCl is the CI” ion. We will try to find out what will happen to the
's'o'lubility of AgCl, if it is dissolved in a solution containing AgNO; or NaCl ie.s
containing a common ion. . ' . -

A qualliative answer to this question can be easily found on the basis of Le ‘
Chatelier principle. According to this principle, when the concentration of either

. Ag® or Cl" ions is increased, the solubility equilibrium should shift towards Jeft
_ forming more of solid AgCl in order to oppose the cffect of the increase in

‘concentration of either Ag” or CI” jons.

" H0 .
AgCl(s) =—— Ag (aq) + Cl'(aq) .
.This means, there will be a decrease in the solubility of AgCl in presence of a

common ion such as Ag’or CI as cdmparefl to that in pure water. Now let us
derive.an expression that will be useful in calculating the solubility of sparingly
soluble salts in presence of common ions. ' '

v

Solubility of Silver Chloride in Presence of Silver Nitrate

Let us assume that silver chloride is dissolved in a solution containing C mol dm”
of AgNO;. In sdlﬁtion, then, there will be Ag®, CI” and NQj; ions present. The '
CI” and NOj ions are provided by the dissolution of AgCl and AgNO, i~ ‘water,
respectively. However, there are two sources of Ag+ i~ns in soluti- . One is from
UG CHEL 6(124) S . A 25
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drssolutron of AgNO; and the other frorn dissolution of AgCI in water. A solutlon
of AgN03 ot' concenfraticn C mol dm * will fumlsh Cmol dm™ of Ag'ion {and

C rnol dm™> of NOj ions) in solution. if § mol dm” is the solubility of AgCl at

equrlrbnum in presence of AgNO;,then AgCl will furnish S mol dm” of Ag’ ions

+ (and S ol dm” ? of Cl ions) in solutron This phenomenon can be represented as

given below:
| ABCI(S) Ag "(aq) + Cl'(aq)
'Initiel concentration : CM | oM
_ Eéluilibrirlm concentra;ion . - (C+S)M SM
o : N

S : (fror|1 (from
o B : AgNOj) AgCl)

Substituting the values of [Ag (aq)] and [C] (aq)] in solubility product expressron
of AgCl we get

K,y (AgCl) = [Ag']( ay
= (C+S)(S)

6r. S‘==-£‘P—

C+S

In pure watcr, the solubility _ef-AgCl is 1.37 x 10~ mol dm™. In a solution of
AgNO,, we expect it to be even smaller. It is, therefore, quite reasonable to expect

that the Ag+ *on concentration from dissolution of AgCl, S, will be much smailer as

compared to the Ag'ion ooncentratron from dlssolutron cf AgNO;ji.e., C>>8.
Hence, :

K
S = c
. ) ° :,'_ . - .
The K, of AgCl is 1.88 x 10 ** and if the concentration of AgNO; solution, C; is
1.0 mol dm's, then the solubility of AgCl, S, at equilibrium in this solution will be

K, 1.88x107"

S =2 = Tl - 188 10" mol dm™

If you compare the solubility of AgCl in 1.0 mol dm™ solution of AgNO; with that |
of AgCl in pure water, you will find that'the solubrhty of AgCl in former is roughly
100,000 times less than that in the latter.

Solubility of AgCl in 1.0'mol dm™ AgNO, solution
Solubility of AgCl in pure water — '

1.88 x 10™° mol dm™

1.37 x 10° mol dm™

137x 107,

This decre& 4in the squblllty of AgClina solul'on of AgNG; is due to ihe

common ion effect. We can srmrlarly show that the sslubility of, AgCl S,ina 7'
solution conlammg C mol dm ?of NaCl wrll be as follows AN

o= e P
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Thus, we can say that the solubility o[‘sparlngly soluble salts such as AgCl is
further decreased due to the common ion effect.

We derwed an expression for the solubxllty of AgCl in a solution 6f AgNog and
NaCl of concentrat:on Cmol dm™. Can you now find out the soh.bllny of CaF, in i)
pure water and ii) 0.10 mol dm™ NaF 2. The K of CaF;is 4.0 x 107

i) Let us assume that the solubility of CaF, in pure water is S. Accordmg to Eq.

5.4,
Ky = %0y -8
. p
For CaFp, X = landy = 2
Henke, K, = 1.2°.58""% = 48’
or T 40x10™M 48
g L A 107
- =T
L 8 = (1.0x107)"

= Q.Z x 107 mol dm™,

i) Let Sbethe solubility of CaF, at equilibrium in a solution of NaF of
concentration 0.10 mol dm_". According to the solubility equilibrium

expression,
CaFy(s) == Ca™(aq) + 2F (aq)
Initial concentration oM 0.10 M (from NaF)
Equilibrium concentration SM (28 +0. 10) M
. P

(fr\om‘ CaF2) (from NaF)
#_, of CaF, =. [Ca”]] [F i

or 40x 107 - (8) 25 +0.10)*
:mce Sis very $mall in companson to 0 10, hence

40x10™ = §(0 +0.10)"

or - S = M = 4.0 x 107 mol dm™.
(. 10)

You can agam see that the solub1hty of CaFyin a solutlon of 0.10 M:NaF is

5.5 x 10" times smaller than that in pure water.

Now that we have seen how the presence of common ion affects ,thc equilibrium of

—— g
paringly soluble salt, we come to the f~llowing conclusions: Jonie proguct oLa compaundis

equal to the product of the

. ; ' " concentrations of the constitueni -

' Ina saturated solution, the solubility product, K, is equal to the prodict of the ions, cach raiscd to the power that
concentrations of the constituent ions raised to suitable powers, i.e., the ionic corresponds to e f“l';:l“c’;;:’lf;“l’::.'"
product, Q. .

Kﬁp = Q.

' When the ionic product is less than the sblubility product, i.e.,, Q < K, the

solution is ursaturated and the concensration of the ions can be increased by
dissolvr'r nze Sithe salt : _
27
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° When the concentration of eithér-of the two ions of a sparingly soluble salt in
solution is increased by the addition of a soluble salt containing a common ion,
the ionic product increases i.e., Q > Kj,. The equilibrium responds in sucha -
way that the valie of K,, is preserved. As a result, the solubility of sparingly
soluble salt decreases and it precipitales out from the solution.

TR

5.5 COMPLEX FORMATION

'In the preceding section you sludled the concept of common ion effect and its effect

on the sglubility of sparingly soluble salts. In this section you will study the concept

- of complex formation which finds extensive application in qualitative analysis. -

You might have studied in the CHE-02 course that an ion or a compound, in. which
a central metal ion/z -cm is attached to a group of ions and/or molecules such that

a the normai valency »f the metal is exceeded, is known asa complex ion or a

compl =x compound. [Ag(NH,),]" , [Cu( NH3)4] , [Cd(CN)4] and [HgCI.,] are
some of the examples of complex ions. In'complex ions/compounds, the
ions/molecules attached to the central metal ion/atom are called as ligands.

NH3, CN” and CI” are the examples of ligands. Each ligand is bonded to the central

- metal ion/atom by donation of atleast ¢ ne pair of electrons.

When the Cu”* ion combines with the ammonia molecules in aqueous solution,a
. 2
A- ep biue complex ion, [Cu{NH;),] ", *, is formed:

o’ (3Q)+4NH3(aQ)I = [CU(NH3)4] (aq)

To.deal with the complex ion equilibria quantltauvely, we use the equ:llbr:um
constant for the complexation reaction. The equilibrium constant for the

_complexation reaction is known as the formation constant, K;. The formation

constant for the above complexation reaction can be represented as follows:

[[C“ NH3)4] ]
[Cu™) [NH,)'
Formation constants-of some complex ions are listed in Table 5.5. The higher is the

value of the formation constant, the greater is lhe slablhly of the complex ion in
solution.

" Table 5.5 : Formation Copstants of Some Complex lons

Complex ion Equilibriom reaction K,
- — — 5
[AgCl) . Ag 20 == [AgQly) 1.1x 107
[AgNHz))" Ag’ + 2NH; —= [Ag(NH3),]" 16x 10"
- [AZCNY] Ag'+ 20N == [Ag(ON);] 56x 10"
3- 3
[Ag(S;03),] Ag +28,05 =={Ag(S,09;] S LTx10
‘ ‘2+l 2+ l 13
) [Cu(NH;)4] v +4NH;— {CU(NH3)4] 1.1x10
2~ + - 2~ 27
[Cu(eN);] o’ + 30N === [Cu(CN);] 2.0 x 10
a_ ' - ’ ] .-
rcacly’ cd™ + 40" === [cacly® 63%10°
2 2 - '
[C(CN)Q) Cd” +aCN = [cdeN) T - - 71x10®
: 2 2 N ' . '
[ColNH,)¢™* Co™" +6NBy == ColNHy)gl" . 13x10°




('l'omplex ion ._ Equilibrivm reaction | i K, 7

ININHg)g”" © Nio* +6NH; e===[Ni(NHa)g] " o ssx10°
[Zn(NHz))®" Zn' +4NHyme [Zn(NH3) - 2010
[Fe(CN)g ™. Fe' 4 6CN™ —— [Fe(CN)g] ™ 10 x 10°
[Fe(CN).s]s; : Ee3+ +6CN =— [FC(CN)ﬁf_ 10x 10%
[HgClg” H™ + 40 — [HgCl 12 x10%
ooy Rt eacT={pocl)” | 40°

Sometimes complex ion equilibria are written for the dissociation of a complex ion
that is, the reverse of the formation reaction. In this case, the equilibriura constant is
called the dissociation constant, K;, or instability constant, K, Thus for the
reactlon '

[Cu(NH3)4]2+(aq) — Cu”(aq) + 4NHy(aq)

2+
K, < o lefmet

[[OCu(NH3)4)?]

Effect of Complex Formation on Solubility

In the preceding unit, you studied that a white precipitate of silver chloride
dissolves when a moderately concentrate soluuon of ammonia js added to the
pr° sipitate:

Y

AgCI(s) + 2NHy(aq) —  [Ag(NH:)]'(aq) + CI'(aq)

The Ag" ions from AgCl combine with NH; to form the complex ion [Ag(NH,),]".
As the complex compound [Ag(NH,),] Ci is soluble in water, AgCl dissolves in
water in presence of NH; molecules. The dissolution of AgCl in'aqueous NHj; can
be better explained, if we consider that the above complexation reaction involves
two ethbna simuitaneously:

AgCl(s) = Ag'(aq) + Cl “(aq), KSP = 18x107° O
Ag'(aq) + 2NHy(aq) == [Ag(NHs)J'(aq), K¢ = 16x 107 (i)

The value of the formation constant, K, of [Ag(NH,),]" is quite large, it suggests
that the equilibrium in complexation reaction is shifted far to the right. The
equilibriurr concentration of Ag’(aq) bécomes so low that the ionic product -

[Ag"] [CI] does not exceed the solubility product of AgCl and it dissolves. To
apprec:1atc the effect of complex formation on solubility, let us now calculatg the
solubility of AgCl in aqueous 1 M NH3 solutlon .

As you know from the above, the overall reaction for the dlssoluuon of
AgCl in aqueous anrinonia can be written as following, the equilibrium
constant, K, for the overall reaction is lhe proiuct of K, for AgCl and

K for [Ag(NHa)z]
AgCl(s) < 2NHy(aq) —— [Ag(MH;),]( (2q) + Cl(ag), K = 29% 107

If 1he solubility of AgC. is x mol dm™ accordmg to the above equation the
concentration of [Ag(NHa)q] and CI ions are also expected to be x mol dm

30 (s) + 2NH3 (aq) T—=

[Ag(NH3),] (aq) + i (aq)

i A
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initial ©1.0M oM - - oM

concentration , ‘
Equilibrium (1-2x)M xM- XM
concentration | ' 2 S ‘
[[AS(NHS)zl Jicr].
[NH;]
or 29 107 . EX
. (1-2x 3
on taking square root of both sides, we get,
_ : X
5.4 x 10 = 1= %
or o © 54x Iohz(lfﬁx) - X
o . 5.4x10°-0.108x = x
oo -54%107 = 1.108x.
| . 54x10°
Hencc, - 1.108 u49x10 ’M.

Thus the solubility. ongCl in aqucous 1 M NH3 is4.9 x 10 ? mol dm™> whlch is

- much greater than that in puré water.

Advantage of this higher solubilily of AgClin aqueous ammonia solution is taken
in the separation of AgCl(s) from HgZClz(s) in the analysxs of the cations of
analytical Group L. As */as™ Sb /Sb and Sn°*/Sn* form soluble complexes
on reaction with disulphide ion, Sz . This fact is utilised in the separation of the
cations of analytical Group IIA from those of Group IIB. In the following

sections and in Unit 6, you will learn more about the application of complex
formation in qualitative analysns

L g [ i ) e T monre

5. 6 THE SEPARATION OF CATIONS INTO
| ANALYTICAL GROUPS

In the precedmg two secuons you learnt the concepts of the solubility producl,
common ion effect and complex formation. Let us now discuss the scheme of
separation of cations mto analyt:cal groups which is based mairly on these
concepts .

561 Precipntatmn of Catlons of Analytical Group I
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Solublhty products of AgCl Hg,Cl, andPbCl, are very small in comparison to those
of the other metal chilorides. Toa solution containing various cations, if enough

hydrochloric acid is added to raisé the Ci~ concentration to 0.2 M, the solubility
products of only AgCl Hg,Cl, and PbClg are exceeded. As a result most of the

- Ag', ng and Pb ions precipitate from the solution as their chlorides whereas all -

other cations remain m solation.

Let us calculate the residual Ag” jon concemratlon ina solutlon when the Cl ion
concentratlon 15 0.20 M. This we can do with the help of solubility product '

- expression.

We know that the Ko of AgClis 1 8 x 10‘“'
t K, - [Ag][Cl] - 18x10™

T g re—
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It féé substitute the value of {CI'] in this expression we get, Detectlon of the Catlons-I

[Ag'](0.2) = 1.8x107°

.-
- .

o . -10 .
" Heénce, | [Ag'] = -L—SS;L -90x10°M

Thus the residual Ag” jon concentraiion in a solution of CI ions of concentration
0.2 M is extremely small and we can say that Ag’ ions are completely precjpitated
from the solution. If you calculafe you will find that the residuang%" ion

concentration is even smaller than that of Ag” ion.
The residual Pb‘2 ion concentration in a solution of CI” ions of concentration
02Mis4x 10 *Mas shown below: -

K,P(PbClz) = [Pb "licr ] = 1.6 x 10

: N 2 16x10°  16x10° o
Hence, : [Pb™] = “[CT = 02%02 = 40x10" M

You can see that the residual lead ion concentration is mversely proporhonal to the

.- square of chloride ion concentration. Theoretically the residual Po>

concentration should decrease on increasing the CI” ion concentration by adding

' concentrated HCI. But if we increase the CI™ ion concenlranon too much,
precipitate of PbCl, and AgCl starts redlssolvmg due to the formation of solublé

complex ions with the CI ions: _
PbCls) — Pb™(aq) + 2CI(aq), K,P = 1.6x10°
| Pb*(aq)) + 4CI (aq) — [PbCl " (aq), K; = 40
- AgCl(s)- — Ag‘(aq)'a- Cl'(aq) K, = 1.8 107°
(aq) +2CI (aq) — [AgClz} (aq) K; = 1.1%10°

One consequence of chloro complex tormallon is that the Ag and Pb** fons remain
in solution and do not precipitate as their: chlorides. Auother ¢ consequence of

addition of too much Cl  ions is that stable chloro complexes of other cations also,
. 2+ 3+ B
e.g.,Cd" and B’ may be formed: o
Cd**(aq) + 4ClTaq) = icac14]2‘(aq) K = 63 x 10°
Bi*(aq) +4Cl(aq) —= [BiCl] (aq) = 4% 10°

' Due 10 the formation of stable chloro complexes, the concentranon of Cd™ (aq) and
Bt *(aq) is reduced and these ions then may not precipitate on passing H,S gas. The

quahtatlvc analy51s scheme thus represents a delicate balance between many such .
compeiing processes. You should follow it carefu]ly lo avoid errors in analysis.

S.6. 2 The Separatlon of Group II Cations from ‘Group 1V Cations

Cauous of both Group Il ( Po** Hg Cu Cd ,Bi*", sb™, sp™ As ,As”, Sn’
Sn } and Group \Y ( Zn® ) Mn® , Co’ Nl ) prec1p1tate as their sulphldes on
passing H,S gas in thelr solution. The cauons of Group II precipitate on passing
H5S gas in their solution in HCl medium. The cations of Group IV on the other

" hand precipitate when H,S is passed in their solution in the presence of NH,OH: The

key to separate the cations of Group II from those of Group IVisthe large dlffercnce
between the solubility product constants of thclr sulphu»es hsted in Table 5.5
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Table 5.5 : Solubility Product Constants and Molar Solubilities of Sulph:d&;
of Group ]I and Group IV at 25 C

. ‘Group II : . Group IV _
|Sulphide - Ksp Molar Sulphide Ksp ~ Molar
7 so!ubllity ‘ 7 : solubility

ISbySy  20x1070  11x20°M. Coms k10t 3ax0liM
|Bis;  20x10” 18 W Nis 10%10% 55 107 M

HgS. 310x10°° . ssx107M  Cos o 60x107 T 78x 1067 M

Cus 87x10% 30x10°M  wMns  sox10” 74x100 M |

cas 40w 6.3x10 M

$nS © 80x107  gox10M

PbS . | 80x10%  28x10™ M

You can see from the data in Table 5.5 that PbS is the most soluble of the Group g

* sulphides and ZnS8 is the least soluble of the Group IV sulphides. If we could

separate PbS from ZnS, then we would have no difficulty in separating the other
cations of Group II from those of Group IV: This is because the differences in
solubilitiesin case of other sulphides ar: even larger than that of PbS and ZnS.

Wou know that a sparingly soluble salt precipitates out from its solution on’ 1ddmon
of common ion sc that the sclubtlity. product of the salt is exceeded. If we could
find out the sulph;de ion concentration such that the sotubility product of only PbS |

s exceeded, in that c:ce only PbS will precipitate from the solution whereas ZnS

will remain‘in Solu*ion and we will be able to separate PbS from ZnS:

" Let us calculate the S* ion concentration 1o separa'e Pb’ from Zn " if both cations -

have a concenlrauon of 0.02 M.

We calculate the §° 1011 concentratlon at wh:ch ZnS _}ust slarts to prempltate from a

0.02.M solunon of Zn. ions. We know that
KZn$) = [zn”] ("]

Substltutmg the value of K, and Zn®* in the above expression we can get the

concentratlon of S ions at which ZnS just starts to precipitate.
-2

1ix107 = 0.02x[S ']
. : YL
2- 1.1x 10 20
Hence, ‘[S 1= 002 5.5x%10 M

Thusata $* ion concentration of 5.5 x 107 M Zns _]ust begms to precipitate, If
we keep the sulphide ion concentration beIow 55x% 10" M no ZnS precnpltatcs

Now we fmd out what happens to Pb>" ions when the S " concentration is’
5.5 x 107" M. The ionic product of PbS undcr these conditions

Q = (][s™]
= 002x55x10% = 1.1x 102
Fence, Q>K5p

Asthei 1omc sreduct of PbS is greater lhan thé sohlblhfy product of PFS, whlch is
8.0 107 PbS will precipitate from the solution.

Let us now calculate what fraction of the-Pb** ions wili remain in solution when the

L
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S “fon concentratlon is maintained at 5.5 x. 107 M. We know o Detection of the Catlons-I
K,, (PbS) = [Pb™][5]
Substituting the values of K, and s ", we get,
© 80x 107 = [Pb]x 55 x 10'2°
Hence, [Pb%] = Mo—z 14x10°M
R 55x 10 |
You can see that out of 0.02 M Pb” ions, only 1.4 x 10™° M Pb”" jons remain in
solution, rest of the Pl:)2+ jons precipitate as PbS. We can also say that only
14 x10° M.
002M | "
precipitation of PbS is nearly complete. Thus we can conclude that if the S ion

concentration is maintained at’5.5x 107 M , we can separate-the cations of the ' L o
Group II from those of the Group IV by precipitation as their sulphides. '

x 100%. = 0.00007% Pb”" ions remain in solution, i.e., the

Adjusting the Concentration of Sulphide Ions in Solutmn . . ) R

We have calculatcd that if the sulphide ion concenlrauon is kept beIow
35X 107 M, Pb ions can be separated from Zn™ ions in solution contammg 0.02
M of each cation. Now two questlons arise: :
Ql. What is the concentratior of S° ions in a satutated solution of H,S ? .
Q2. How to adjust the concentration of S™ ions to a given value? L

Let us first find out the answer 1o the question 1. A saturated solution of H,S has a
concentration of 0.1 M. Hydrogen 'sulphide is a weak dibasic acid as is indicated. by -
_lhevaluesole(l(}xlO )andK2(13x10 ) ' '

HS+HO — HO +HS(2q), K = 1.0x 107
HS+HO == I-I3O + 8 “(aq), Kz = 13x107°

Letx mol dm™> of .S ionise in the first ste.p "Hence the concentration of umomsed
I-I;S in solution wili be (0.1 —x } mol dm™ as deplcted below:

HS+H0 = H,0 +HS(aq), K, = 1.0x107

Initial . 0.1M" O0M  OM

concentration , o
© Adfter : (01-x)M . xM xM
first ionisation
o HO[HS]
L =
- [HeS]
' =7 X-X
or 1.0x 10 = 01l-x

As HS is a very weak acid, the amount of H,;S that ionises in the first step, M,
will be very small and can be dlsregarded in the denommatur of the above

expression.
- 2
) - . : -7 S
choe,. 1.0 x IQ‘ ~ 01-0
or o %X = 1.0% 107" - o
=10x10"*'M

or o X
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Hence, -  [H0] = 1.0x 107°M = [HS]
Inthe second step, HS produced in the first step ionises to give H30 and s¥. Let

Yy mol dm" be the ooncentrauon of HS” which ionises in this step to give

' ..ymol dm” of H;O andS each:

34

HS(aq) + 0= H;0'(aq)+ S™(aq)

Initial, 10, 10%M 10 10-‘4 M oM

concentration o ‘ .
. After second :
ionisation (1 0 x 10 C—-y)M (1.0x 107 -y)M yM
| -[H30*1 [s]
©UomsT
o -1.3x'10f {L0x10, ”’)"y :
S - ' 10x 100 -y - :

Value of Kz (1.3 x 10 ) is small Wthh suggests that the value of y will be very
“small. Hen-e we can assume that 1.0 x 10 +y = 1.0x 10° and 1.0 x 10 -y

= 1, 0 x 10 Therefore, the above expressxon changes to

13>¢10 10x10
_ 0:-:—10

.

.or g E . y = 13x 107 M-S 10nconcentrat10n

Thus our assumptron that y is very small is correct. But it does give us the
equilibrium concentration of S ions in solution. The concentrat:on of dlfferenl

" species present in a saturated solution of HzS will be as follong

[HZS]-(Ol X)M = 0.1~ 1.0 x 107 M-DIM

(8w y = 13x107" M. - B
[HST = 1.0x 107 -y = 1.0x107* - 13 x 107° « 10“10 M

[H3O]-10x10 +y-10x10 ‘+13x10" -10>c10 M.

In the precedmg section we learnt that PbS (and obv10usly‘the other sulphrde.. of

Group I is completely precrprtated and ZnS just begins to precrpltate ats”
concentration of 5.5 x 10™ M. Thus in 4 saturated solution of HSS, though the S

. ion concentration is small, but it is large enough to precipitate the sulphides of

cations of both Group I and Group IV. Hence to effect separation of the cations of
the Group II from those of the Group IV, we need to adjust the concentration of the

. 2e
- 8" ions.

Now we shall try to f'md out the_ answer to 'second question i.e., how'to adjust the

concentration of 8” ions in a saturated solution of H,S.

As discussed above, a saturated solution of H,S in water has a concentration of -

- 0.1M, in which the concentration of S” ions is 1.3 x 107> M. In  aqueous solution,

H,S dissociates in a stepwise manner as shown below '

HzS(aq) + HzO(I.) ": Hgo (aq) + HS (aCI), Kl w 1.0x 10

HS'(aq)+H20(l) — HO (a_q)+S "(aq),K; = 1.3x10™°

By addmg the above two equahons, we get the equanon for the overall dlssocrauon

of H,S into s* 1ons

[}
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I'-l;S(aq) + 2H20(l) —_— 2H30+(aq) + Sz“(aq)" . Detection ol':the Caﬂ&ﬁé-l

The eqml:bnum constant expression for the overall reaction is equal to the product
of the equilibrium constant cxpressnons for the individual steps:

g . [HOT "] [HaO][HS] [H;0' 5]
{HS) . [HS] [HST]
[H:0' 7' [s™] |
[HS]

. O8]
K- TEs
Hehce, [s7] - 12 107 2]
' [H30]

A saturated solutlon of H;S has an initial concentration of 0 1 M. As HZS is a very
weak acid, we can safely assume that the concentration of H,S at equilibrium is
approximately equal-to its initial concentration.

or- . K = = K; xK,

or . = 10x107x13x 10" = 1.3x 102

.20 .
Hence, ) [Sz-] - 1.3 x_.10 +1:0.1
' _ [H0']
or o [Sz-] - !‘M__ .
_ moT

Thus in a saturated aquedus solution of HS, the concentration of S fons is -

inversely proportional to the square of hydrogen ion concentration. By

adjuslmg the hydrogen ion concentration of a solution of I-IZS the concentrat:on of

S” ions can be suitably adjusted The variation of the S ion concentration in 4
saturated solution of H,S with the pH of the solution is given in Table 5.6.

Table 5. 6 Vanauon of the $* ion concentmtmn in a saturated
solution of HS with the pH of the solution

pH .‘ ‘ B [Szj mol dm™

1 ‘ 1.3 x 10

3 13x107° - . L
5 13% 107!

7 _ 13%10

0 o 013

In the preceding sub-sectlon, we concluded that if the s lon concentratlon is

maintained at 5,5 x 107 M itis possﬂ:le to separate the cations of the Group It
from those of the Group IV by precxpltataon as their sulphldes Let us calculate the

hydrogén i mn concentration necessary to adjust the S*~ion concentrauon to this
valu* '

13x 1072

IS
_13x 1072

55%x 1072 S - ' -

[H0'] =

,-.-2;4><10'2 L
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Qualitative Inorganlc Analysis Hence, [H0"] = 015 M

Thus, the concentration of H;0" must be at 1eas§ 0.15 M to prevent the precipitation

- ofZnS with the Group Il sulphides. The concentsation of H;0" is maintained at 0.3

M to provide some margin of safety. However, when H,S gas is passed into a
solution of cations of Group IV, which has been buffered with aqueous

NH; and NH,CI, a very high concentration of sulphide ions is provided. This is
because the acid (H,S) and the base (NH;) react to form a salt (NH4_)ZS._ O

‘2NHy(aq) + HS(aq) = 2NH((aq) + S™(aq)

The sulphide ion concentration is suffiqiénuyrlargc SO that thé's_olubility products of
'ZnS, NiS, CoS and MnS are exceeded and these sulphides precipitate from the
“ solution. '. . ' ‘

6.63 'The Precipitation of Group 111 Cations

Group III consists of Al™, Fe™* and Cr’ The precipitating reagent f‘or'lhesé.‘calions

~ is ammonium hydroxide in the presence of a high concentration of ammonium

chloride. To explain Why only Ala',' Fe* and o™ precipitate as their hydro;cidcs on
addition of the group reagent, let us consider the solubility product constants of the
hydroxides of the cations of Group III, IV, V and VI, whicki are giveq in Table 5.7.

Table 5..7 : Sol'ubih'tjl( Product Co;:sl.ants of the Hydroxides of Cations of

. Group IiL, IV, V and VI at 25’ C .
"Formula _‘ ' Ksp )
Fe(OH); 63x10°° |
AI(OH); _ 19 10~ |
- Cr{OH); - 70x107"

' Zn(OH), 45x107
Co(OH), 2.0x io'm
Ni(OH), 20x1067%
Mn(OHJ, | 20x10 "
Mg(OH); 150!
Ca(OH), 79 x ‘10'.6

'_é:(oa)z 32 x 10"
. BalOH) 50x107

In the dresence of a high-concentation of ammonium chloride, the dissociaion of

- the ammonium hydroxide is suppressed. As a result the concentration of hydroxide”
 lons is reduced so much that the solubility products of only less soluble

Al(OH);, Cr(OH); and Fe{(OH); are exceeded and they are precipitated from the
solution. In the first place, the above scems to be a plausible explanation. Bui the.
following discussion shows that this is not the whole truth, and some other factors

as well must be at work to prevent the precipitation of Ni(OH),, Co(OH), and

Zn(OH),. Let us consider that the initjal concentration of ammonjum hydroxide is

iy B
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0.1 M and x inol dm” of it dissociates into NHy and OH' ions at equilibrium: ~ .Detection of the Cations-T

NH,OH==—= NH, + OH"

Initial concentration 1M 0 0

At equilibrium- . 01-xM xM  xM

[NHi] {OH']

o ~5
INHOH] " K(NH,0H) = 18 x 10

From the Law.of Mass Action,

Substituting the values in the above expression, we get,
X.X

-5
oi-x " 1.8x 10

As NH,OH is a very weak electrolyte, value of x will be very small and it can be
ignared in the denominator. Hence, :

2

'O—i"-s 18x10
or _ o '2==18x10
or : ' ’=134x10 *M

Thus the concentration of OH isns in a solution of 0.1 M NH,OH is 1.34 x 10 M.

As you know that the ionic proaucts of divalent and trivalent metal hydroxndes can
be written as

IM¥][OH]* = Q for M(OH), and-
[M*][OHT = Q for M(OH),.

Assummg that the concentration of metal ions, {M +] or [M3+] is 0.1 M, the ionic
products Q, of M(OH), and M{(OH), in presence of 0.1 M NH,OH -vill be

(0.1) % (1.34 x 107 ) = 179 x 107 tor M(C'—I;-. and

(01)x(134x10) = 24x107 for M(OH)

As you can see that the ionic products of Zn(OH), Co(OH)z, NI(OH)Z, Mn(OH),, - -
Mg(OH),, Fe(OH);, Al(OH); and Cr(OH); are higher than their solublhty

prodr-'s. Hence, all the above should precipitate from the solution. The ionic

rroducts of Ca(OH),, Sr(OH), and Ba(OH), are lower than their solubility products

and therefore, these should remain in solution. These will reqalre a higher OH ion
coneentrauon for thelr precipitation. .

Le‘ rs now find out, what happens to OH jon concentration and jonic products of
M(OH), and M(OH); in a solution of 0.1 M NH40H in the presence of a high

concentration of ammonium chloride.

' In the presence of a high concentration of ammonium chloride- the concentration of

the NH} i ion is ra:eed toabout 1.5 M, since NH,Cl is a strong electrolyte and'is

completely dissociated into ions in solution:

‘ NH,Cl(aq)== NHj(aq) + Cl'(aq)

1SM = ‘15M 15M
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Hence, [NH:] = 15 M, since the NH: ions from the ammonium hydroxide can be
neglected as compared with tho_sé from the sl'rong’clectrolyte NH,CI. But-

]

[NH;] [0 ]

[NH,OH] ~ X(NHOH) |
h e B : | 1.5 x fOH~ -5
‘or 01 - 1.8x.10 .

Hence, [OH] = 12 10°% mol dm>, 7
Thys 4 the ;:uése;'c:e of a high concentration of NI-L_CI, the concentration of QH"
Acus in a solution of NH,OH of concentration of 0.1 Misreduced to 1.2 x 10™° M,

Assuming that the concenitation of metal ions, [M2+] or [Ma"} is 0.1 M, the ionic
products, Q, of M(OH), ans: %i{OH); in presence of 0.1 M NH,OH and 1.5 M

- NHClwillbe

O (121307 = 1.45%10™ for M(OH), and
0D % (123207 = 17107 for M(OH),

Ycu can see from the above that even in the presence of a high concentration of
NH,Cl, the ionic products of Zn(OH),, Co{OH),, Ni(OH),, Fe(OH);, AI{QH);,

apd Cz(OH); ars higher than their solubility products. Hence, all these should
precipitate from :5¢ zolition even in the presence of 1.5 M NH,CI. Then why only"

Fe(OR),, Al(QH 1, and Cr(OR); precipitate from the solution, whereas Zn(OH);;

- Co{OH); #nd Ni(GH), semain in the solution?

The answer 1o this conflict between experimental fact (that only Fe(OH),, Al(OH);
and Cr(OH); are precipitated) and theoretical prediction based upon the solubility
product concept almost certainly lies in the formation of soluble complex ions with
ammonia molecuies, Ammonia molecules are in plenty in ammonium hydroxide =
solution. Actualiy the concentration of free arimonia molectles in ammonia
solution far exceeds the concentration of ammonium hydroxids molecules,

Zn"(aq) + ANHy(aq) o  [Zn(NHL), *(aq), K; = 2.9 x 16°
qj + 4NHy(aq !

Co’(aq) + 6NHy(aq) = [Co(NH;)s)*'(aq), K; = 1.3 x 10°

Ni"(16) + 6NH(aq) e [N(NHG)["(aq), K, = 5.5 10

As aresult of the formation of soluble complex ions, the concentration of metal N
cations, i.e., Zn2+, C02+, and Ni** is so reduced that the solubility products of their
hydroxides are not exceeded in the presence of ammonium chioride and they
remain in solution. However, the solubility producis of ZnS, Co8, NiS and also
MnS are much lower than those of their hydroxides and are easily exceeded on_
passing H,S gas in presence of NH,OH. Therefore, ZnS, CoS, NiS and Mns
precipifate from the solution and constitute Group IV of the scheme of qualitative
-analysis. ‘ C ' : o

5.64 The Precipitation of Gfoup V Cations

3 2 2 . L
Ba'’, 81" and Cs™" constitute ihe analytical Group V. These are referred to as

-the insoluble carbonate group because they a%e precipitated as carbonates

from a buffered solution of aqueous ammizsia by the addition of ammonivm
carbonate. ' '

n

It is important to note that these cations are derived from the metals of the same




'group of the periodic table, their properties are s:mnlar Therefore, separations of .

individual i 1ons are more difficult than most separations in the earlier groups of

cations. Mg icns are not Jrecipitated in the group because MgCQ; has a much
higher solubility product than those of BaCO,, SrCO; and CaCO; (Table 5.8) and
the a-ueous ammonia solution is Luffered to prevent the precipitation of
Mg{OH);.

- Table 5.8 : Solublhty Products and Molar Salubilitics of Croup v

Cerbonates and MgCOz
Compound ‘ Fogp : iMolar Selubility
MgCO3 T 4D T 06X%107°M
BaCO3 8.1x107 9.0x10° M
CaCO3  4ex10” 69%107°M
31005 9.4% 107 3.1 x 1005 M

The precipitating reagent of Group V, 1 M ammonium carbonate, contams the
cation of 2 weak base and the anion of a weak dibasic acid. Both these hydrolysc in
aqueaus solution, but cerbonate fon hydrolysés to a much greater extent than the
ammonicr ion & their dicsociation constants show:

“NHi(aq) + 5,0() == NEi(ag) + H;0"(aq), K, = 5.6x107°
CO%(aq) + B,0() == HCO3(aq) + OH (aq), K, = 2.1x 10

Therefore, solutions of {NH,),CO5 do not contain sufficiently high concentrations

2 . i ey g
of CO; ions to precipitate the Group V carbonates completely. Precipitation of the
cations of Group V s, *herefore, carried out in a buffered aqueous ammonia
(ammonium hydroxide) solution:

HH;(aq) + HO() == . NH,(aq) + OH (aq) |
NH,Cllag) = NHjaq) + Cl(dq)

The OH. ion: from aqueous ammonia suppress the hydrolysis of CO? ions. Thus,

- 2- . 2 L2 : .
there arc erough COi ions to precipitate Ca *,8r" and Ba>". The reactions by
whxch the Group V cations zre precipitzted can be represented as following:

Ra’ (aq) +CO3 faq) — BaCOx(s)
Ca™(ag) + CO; (ag) — CaCOxfs)
s”/(aq) + C0% (ag) — SICOS(5)

These carbonaies precipitate as white, dense, c:ysialiine compounds, so there
appears to be rela:ivcl'y Iess amcurt of the precipitate.

57 THE DISSOLUTION OF PRECIPITATES

After prrcmztazxon of cations of an anal 'llC°| group; the: next step in the aralysis is
the separation of individual cations. Separaiion of cations is achirred Dy selective
dissolutici of the p1cc.pxtdu, ')xssolut:on of a precipitates is a.eg.omphshed by
reducing ihe concentrations of £ e constituent ions so that K, isno 1cnger

Detection of the Cations-] -
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Qualitative Inorganlc Am,]ym exceeded, ie., Q < K. The dlssolutlon of precipitates is based npon the following

40

type of reactions.

5.7.1 By Convertmg Anion into a Weak Electrolyte

- When anion parl of the precnpltatc is converted into a weak elcctrolyte the ionic
- product becomes lesser than the solubility product of the compound resultm ginto

the dissdlution of the precipitate. A few Lyplcal examples are:

.a) Acidification of insoluble AI{OH); in contact with its saturaied solution

corverts OH ions to the weak electrolyte water. This shifts the solubility -
" equilibrium ¢o the Tight until [A13+] [OH']3 < K,;, and dissolution occurs:

Al(OH)y(s) == AI’"(aq) + 30H (aq)

30H(aq) + 3H'(aq) — 3H,0()

Al(OH)y(aq) + 35°{aq) — AF'(aq) + 3H,0(1)

b). Treatment of Mg(OH), with NH;, ions from a salt, such as NH,Cl, converts OH~

ions ({from saturated solution of Mg(OH)2 ) to the weak elecr.rolytes NH; and

Hzo Asa result [Mg ] [OH ] < Ksp and Mg(OH)2 dissolves.

Mg(OH)z(S) —= Mg”(aq) + 20H (ag)

20H"(aq) + 2NH,(z<) — 2NH(aq) + 2H;0(!)

Mg(OH),(s) + 2NHj(aq) — Mg™(aq) + 2NHy(aq) + 2:,0(1)

~€) Acidification of some metal sulphides such as ZnS and MnS, ccnverts S* ions
o .(t'rom saturated solution of MS) into H,S, a weak electrolyte. As a resull

[M ][S ] < K, and the sulphidc dissolves.
VMS(s) = M (aq)+S (aq)_

5" (aq) + 2H'(aq) — H,S(g)
MS(s) + 2H'(2q) — M**(aq) + H;S(g)

.Highly insoluble sulphides, such as Cus, CdS PbS, CoS, NiS, etc., do not

‘produce sufficiently high concentrations of S” ions in their saturated solutions
to react with even the strongest non-oxidising acids. They requlre oxldauon of

S ions for their dissolution.

5.7.2 By Converting Anion inte Another Specles by Redox Reaction

,nghly msoluble metal sulphldes such a5 those mentmned abdve, can be dissolved
' in hot nitric acid because the N03 ions oxidise the S~ ions to elemental sulphur,

thereby removing s ions from- -solution:
TCuss) = Cu™(ag) + S (aq)} x 3
35" (aq) + 2NO5(aq) + 8H'(aq) — 35(s) + 2NO(g) + 4H,0())

SCuS(s) + 2NOj(aq) + 8H'(aq) — 3Cu *“(aq) + 3S(s) + ZNO(g) + 4H20(l)

5.7.3 By Complex Toni Formatloh

Many insoluble compounds can be dissolved by converting them into soluble
complex ions. For example, when a precipitate of AgCl and Hg,Cl, is treated with
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* aqueous ammonia solution, AgCI passes into solution due to the formation of the N Detection of the Cations.
. . o ’ . .
complex ion, [Ag(NH;},] :

AgCi(s) —= Ag'(aq)+ él_(aq) -
Ag'(aq) + 2NHy(aq) — [Ag(NH,),]"(aq)
AgCl(s) + 2NHs(aq) — [Ag(NH,),]"(aq) + Cl'(aq)
When a'mi_xlu?e of sulphides of Group II cations is treated with a solution of yellow
ammoniugn selphide, As,S,, Sb,S; and SnS, dissolve due to-the formation of
~ soluble ¢2mpleX ions leaving behind a residue of other metai sulphides:
(NH,);Saq) —= 2NHj(aq) + S} (aq)
2 (3 o
As;S5(s) + 453 (2q) ~ 2[AsS,]" (aq) + 5} (aq)
Tetrathioarsenate('V) ion
SuSi(s) + S; (aq) — [SnS;]"(aq) + S (s).
Trithiostannate(IV) ion
5.8 SUMMARY
‘In this uﬁit‘ you studied solubility, solubility product constant and the relation
between the two. You also studied the common ion effect, complex formation and
the classification of cations into analytical groups. You studied how the cations of
an analytical group are separated from those of the other analytical groups by
selective precipitation. The cations of an analytical group are then separated from
each other by selective dissolution of their precipitate. ' '

59 ANSWERS .

To Seli-Assessment Que;tiqhs -

1. Cu* and Cozf are precipitated as their sulphides on reaction with H,S in acidic
and basic medium, respectively. Therefore, they belong tc two different
analytical groups.

2. ARQOys] — 2Ag'(aq)+COj(ag) -

; - +q2 2
- Ky(Ag;c05) = [Ag'T[CO]
BijSiaq) ——= . 2Bi(aq) + 357 (aq)
K,(Bi;S;) = [Bi']°[s°T. |

3. Forasalt of A,B, type, the solubility product K,, = x* . y' .8 where Sis

solubility of the salt. , '
ForCaF,, x = 1andy = 2
Hence, Ky = 1'.2%. 82
of 40x107" = 4s°
=11
ors® = i'o—"41—°— = 1.0x10™
- a1
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Hence, solubility of CaFyis 2.15 x 10™* mol dm™.

~ar

UGCHE-L6(138) . |

* Qualliative Tnorganic Abalysis  Hence,S = ( 10 x 10 )*° = 2.15 x 10" mol dm™
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UNIT 6 DETECTION OF THE CATIONS-II "

Structure
6.1 Introduction’

. Objectives .
. 6.2 Preliminary Investigation of the Sample
6.3 Preparation of Solution for the Analysis of Cations
6.,4' Separation of thc-Catlions into Analytic' - wis
6.5  Analysis of the Cations of Analytical Group I
~erattunand Identification of the Cations of Analytical Group1

6.6  Anaysis of the Cations of Analytical Group II
Separation of Analytical Group Il into Group IA and Group IIB
Separation of the Cations of Group ILA .

Separation of the Cations of Group 1IB
Identification of the Cations of Group Il

6.7  Analysis of the Cations of Analytical Group III
Séparation and Idefitification of the Cations of Analytical Group HI

6.8 Analysis of the Cations of Analytical Group IV _
Separation and Identification of the Cations of Analytical Group [V

6.9  Analysis of the Cations of Ana!yﬁéal Group V
Separation and Identification of ihe Cations of Analytical Group V

6.10 Analysis of the Cation of Analytical Group VI
6.11 Analysis of the Cations of Analytical Group Zero
6.12 Summary

6.13 Further Reading

61 INTRODUCTION

In the preceding unit, you studied the concepts of solubility, solubility product, the
common ion effect and complex formation. You aiso studied that the cations sre .
classified into seven analytical groups on the basis of similarities in the solubility
behaviour of their sparingly solubie salts and also on the basis. of siilarities in their
chemical behaviour. Also that the cations of each analytical group are separated

from those of others by selective precipitation. The cations of individual groups are

then separated from each other by selective dissolution of their precipitates and are
‘identified by specific confirmatory tests. In this unit, you will study the details of
the scheme of analysis and the chemistry of separation and identification of cations
present in a mixture. ' '

Objectives 7 _

Aftér studyiné this unit, you should be able to:

e classify the cations.into analyﬁcal groups,:

e list the cations of each analyticel group,

¢ separate catiop~ into-analytical groups by zelective precipitation,

o identify the c:’_tldhs presen. > a mixture by performing the systematic tests for
cations, ‘ S . :

e discuss the chemistry of analysis of cations,
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Qualitattive Inorganic Analysis

Aqua regia consists of 3 paris of
concenirated hydrochloric acid for
every 1 part of conccnlrmd

nitric acid.

.44

¢ write down the colour and the chemical formulae of the precipitate formed by

each cation on reaction with group reagent, and

¢ if possible, perform the flame tests for certain cations present in the mixture.

6.2 PRELIMINARY INVESTIGATION OF THE
SAMPLE

Observe the colour of ‘.He sample and the solution. It may provide a clue to the
identity of cations and may help in performing subsequent successful analysis of the
sample. The colours of some of the cations are listed below.

. 2+ ‘ .

Cu blue green

Niﬂ o éreen _
Mn”  faint pink (above 0.5 M)
Co® - pink-red |

o violetpurple

Fe** pale green

Fe©'  yellow

The solition may acquire purple ( MnO; ), pale green (CXG: ) or orange ( Cr,05 )
colour due 1o the presence of anions listed in the parenthesis. -

Sometimes the colour of the solution may not represent the true identity of the ions
because of the presence of more than cne species. The corcentration of the ion in

solution is also very important. For example, an agqueous solution of Mn”" salts may
appear almost colourless unless present in a concentration above 0.5 M. Incidentally
cobalt(II) salts are also pink. The presence of a complexing anion has also an
important influence on the colour of the cations in solution. In the presence of high
concentration of chloride ions, a cobalt sa't in solution may appear deep biue in
colour. Likewise, nickél(II) and copper(Il) salts may appear either blue or green
depending on the anion present. Iron(1l) sal's though generally pale green may
appear almost colourless in aqueous solutior. The observations with regard to the
presence of coloured cations, ‘therefore ‘may zot be conclusive.

6.3 PREPARATION OF SOLUTION FOR THE
ANALYSIS OF CATIONS

Cations are separated into analytical groups by selective precipitation as sparingly
soluble salts from aqueous solution. Therefcre, first of all the solid mixture should
be brought into solution. Place 100 mg of the finely powdered material in a glass
test tube and add the solvents in the following order:

i) distilled water

ii) dilute HCl (6 M)

iii) concentrated HCI (12M)

iv) dilute nitric acid (6 M)

v) concentrated nitric acid (16 M)

vi) aqua regia A- : | .

Treat (he sample first with distilled water. If the substance does-not dlssolve
completely, keep in a boiling water bath fornearly 10 minutes and stir periodically.
If the sample dissolves completely stop adding distilled water. If the substance does
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not dissolve completely, treat the residue with dilute hydrochloric acid and heat Detection of the Citions-11

gently. If a solid still remains, try dissolution in concentrated hydrochlonc acid and L
proceed as before. :

fa re51due still remains, try dissolution in dilute nitric acid and then concentrated
nitric acid. If the sample dissolves in any of the solvents, there is no need to test
' ¥ith the other.solvents.

If the substance still does not dissolve in any of the solvents completely, add aqua
regia and heat to near dryness in a china dish. Note the colour change, odour and
colour of the gases evolved. This may sometimes be quite useful in the analysis of
ions present in the substance

Always dnvc off the volatllc acid and carefully evaporate the solution to nearly

0.5-1.0 cm . Do not evaporate the solution to dryness as insoluble oxides may
form, which are subsequently difficult to dissolve. Extract with a smail volume of
distilled water and add dilute hydrochloric acid before proceeding for cation
analysis.

Use 500 mg to 1.0 g of the sample in a china dish or sma]i beaker after makmg a
proper choice of the solvent and proceed in the renner as described above for
complete dissolution of the sample.

‘Water is a preferred solvent for most of the ionic substances. Many inorganic
compounds which contain anions of weak acids are insoluble in water. These
compounds are soluble in dilute strong acids like hydrachloric acid (6 M).
Carbonates, sulphites, oxalates, borates, thiosulphates are soluble in dilute solutions
of strong acids. -

A concentrated solution of a non-oxidising strong acid such as hydrochloric acid
(12 M) often provides a rich source of hydronium ions. Such a treatment may be
necessary when the anion is derived from a strong acid.

Oxidising acid, Tike nitric-acid attacks substances when hot and oxidises them.
Finally wh=n every otlier acid fails, aqua regia generally dissolves conipounds
‘because of its oxidising action or die 1o the formation of chloro complexes. All
sulphides are soluble in aqua regia. Hot diluté nitric acid dissolves all the sulphidcs
cxcept HgS.

If still a residue rfemains, consult your Counsellor.

6.4 SEPARATION OF THE. CATIONS INTO
'ANALYTICAL GROUPS

The cations of each successive group are precipitated as sparingly soluble
compounds with anions supplied by the group reagents. The precipitate containing g
cations of one group is separated either by filtration or centrifugation. The -~
centrifugate or solulion remaining after filtration is similarly converted into a’
sparingly soluble precipitate by another group reagent. However, carc must be
taken that precipitation is complete before proceeding for the next group. Always
add a slight excess of the prcclpnaung agent (o ensure complete precipitation.

The major classification of the analytlcal graups is as follows:
Cotions of Analytical Groug 7: sz+ Agz+ :ind Hg:+

These zre precir itaicd as chlor-dr’s sinc:the chlorides of Ag(T), Hg(I) and Ph(11} |
caly are insoluble in the prasérce of 1.2 M JICI snlution, other cations remain in
lation sit.~» th= chlorides of other cau-.".."_bem__ soluble.

Cls"?’.')ns of Analyticz™ '"\up LEFA sz“ Bi:*, Cuz",‘ ca™ As™, As™,

‘ Ay Sb , Sn*
These are prec’- “ated as sulphidcs f . a soluuon of lower pH made 0.3 M in §i:
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and saturatmg the solution wrth st or usrng H,S water. These cations precrprtate

-as sulphrdes from soluuon of high H jon concentranon and require a low

concenlrauon of 8* “ions because the sulphldes of these cations have very low

~ solubility, i.e., the sulphldes of the group are those with the smallest K, values,
‘Therefore, they precipitate in the presence of sulphide ion concentration that is kept
- low enough to avoid precipitation of the more soluble sulphides of the cations of
_ Group IV, The solution should, however, be diluted atleast 100 times and hydrogen

- sulphides should be passed before proceedmg to the next group otherwise cd™
likely to be missed. This group 1s t'urther separaled into subgroups by usmg yellow

ammomumsu]phrde e L e

ACations of Analytlcal Group lll Fe, Cr¥ LAl

After.boiling off HZS, and oxidation of Fe* R these cations are precipilated as

_ hydroxrdes by controlling the concentration of OH {ions by addition of NH40H in_
: the presence of NH4CI All olher cations remain in solutlon.

“ Cations ofAnalytlcal GroupV : Go¥, Nt %", Mn?, Zn®*

The sulphrdes of cations of this group are more soluble than the sulphldes of the
cations of Group II The cations of this group obviously require a higher

- concentration of 8 ions, which is achieved by raising the pH in the presence of
: NI-LC]—N]-L,OH buffer solution, for precipitation to occur. All other cations of
“higher groups remain in solution.

.Catlons ofAnalytlcal Group V: Ba’* S, Ca2+

' ‘ T 1256 ~2tjons are precipitated after boiling off H,S and precrprtaung with

_ammonium’ carbonate in the presence of NH,Cl and NH,OH. Other cations remain
- in solution. This group is someurnes referred to as the msoluble carbonate group’.

Catron of Analytical Gmup VI: Mgz*

Mg belongs to this group which is precipitated as Mg( NIPL,)P‘CJ4 by *he addruon of
(NH., )ZHPO., in buffered aqueous ammonia solution.

- ACatior-'s ofAnal’ytlcel Group Zero; NH}, K" and Nez*

Sa]ts of Na' NH4 and K are soluble in water. Therefore, these cations are

‘sometimes referred to as cations belonging to the soluble group. They are generally
- analysed before proceeding for the analysis of cations of Group I and therefore are
_known-as the catrons of Group zero also, .

_This procedure divides the cations present in orrgmal mixture into various groups '
- Each group is then separated into individual jons, which are subj ected to

confmnatory. tests.

" The separation of cations mto dlfferent analylrca-l groups along with the group
" reagents, formulae and colours of the precipitates ’s given in Table 6.1. The

procedure for- separatmg the cations into analytlcal groups 15 summansed in Flow

o Chart61

6.5 ANALYSIS OF THE CATION_S OF

ANALYTICAL GROUP |

. The catrons of Group I are Pb™* ,Ag and ng The Group I catlons are precrprlated

" - as chlorides. The I(,,P values for AgCl and Hg,Cl, are very ‘small, while lhe K, for

: PbClz is rather large. If enough hydrochlorrc acrd is added 10 the aqueous solution .
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Table 6.1 Separation of Cations into Analytical Groups,

Analytical | group Group teagént- Jon Product -
I B 0.2 M HC] Pb{Il) PbCl, - (white)
) AgD) " AgCl gwhite;
. . ‘ Hg(I) Hg,Cl; (white
Im- 03 MHC, Hg(ll) HgS  (black) .
+H8 Pb(IL) PbS deep brown)
Bi(I) 7 B;.zS;l.r (black)
Cufl) - - CuS. (black)
cd < CdS "?'el_low; ‘
As{HIl) A8y (yellow)
, AS(V) . AsSg (yellow) -
Sh(II) SbyS3 -(orange) .
Sb(V) SbySs (orange) .
‘ 7 . -Sn(IV) SnSz - (yellow) . -
|m NH,OH/NH,Cl Fe(IIT) Fe(OH);3 (brown) _
' : Al(TIT) "Al(OH); (white) -
o - Cr{OH)3(gray blue)
v ..NH,OH/NH,C], H,S - Co(Il) . CoS  (black)
: il NiS | gbl_ack)'
; Ma)  MuS | (pink) -
R o . &n(Ih) ZnS  (white)
\% ... NHOH/NH(, Ba(ll). BaCO; (white) *
o ‘ (NH4)2CO5 - ST - SrC0; “(white)-
: Ca(t) CaCO; (white)
VI (NEL,);HPO,, | Mg(n> Mg(NH)PO, (white)
‘ NH,4OH/NH,CI . . ' *
Zero . None . NH4 KNt T ‘
- Flow Chart 6.1 : Separation of Cations into Analytlcal Groups
. Solution contalnl.t-g cations of Grpups I-VI |
l “Precipiiate
O'ZMLHCI : Ftiter Chilorides of Gmuplcatnons
" PbCly, AgCl, Hg2Ql
— Filtrate o A8, TR
Catlons of Groups II-VI - :
b Filter Preciphate
0.3M HCIl, 3% H20;, HaS r . Suiphides of Group Il cations |
I HgS, PbS, BizS3, CuS, CdS, -
Filtrate . , - As2S3,AsySs, SnSz, -,
Cations of Groups [i[-V1’ : . Sb2S3, SbeSs
Boil off HzS. Add - ' i
: ‘ Pmclpltal‘.e - :
HzOz/HNQa, NH“C]'NH“OH _ Filter . Hydroxides of Group1IT cations *
"} . Fe(OH)s, Al(OH)3, Cr(OH)3 .
Fﬂtrate L— ' =
Cations oEGroups IV—V] o P
. . l-’ret_:ipitnte ]
Add NH4Cl, thOH.Pas_s HzS'_ .Fllt;ar'- . Sulphides of Group IV cations
' b - . ZnS, MnS, NiS, CoS .
Filtrate
Cations of Groups V=VI
Concentrate, _ - .
add (NHe)2COs, R
NH"OWNH‘G‘ & . Filter ot Ca'rbonatesomeuchzubns
TTFEab BaC0s, SrC0s, CaCOs
3 Cauon of ¢ Giobup VI _ ) : .
= T - ~ ‘Precipitate
. AddNH4G, NH;OHend ———-FHteC_ Mg(NHJPOs - ™ -
| (NHs2HPOs solution } L

" Détection of the Catlons-I1- .
A ‘:
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of these ions so asto raise the [C] ] to 0.2 M, very few Ag’or I-Igg+ ions will remain
¢ insolution. The presence of hydrogen ion prevents the precipitation of the bismuth and
the antunony oxychlondes, which would form in the absence of these ions: -

P’ (aq) +2Cl(aq) — PbClys)
 Ag'(aq) + Cl(ag) — AgCI(s)
Hg;'ag) + 2 (aq) = HgClfs)
) Bl (aq) + Cl “(aq) + HO() == BlOCl(s‘ +2H. “(aq) -
Sb (aq)+ + Cl (aq) + H,0(l) 4SbOCl(s) +2H (aq)

A very large excess of the acld will contain an equally large excess of chloride ions.
Silver and lead ehlondes form soluble chloro complexes in the presence of a large
excess of chloride ions. One consequence of chloro complex formation is that
excess-of chioride ions will cause this group precipitate to redissolve. Mercury(I)
chloride does not dissolve because the chloro complexes of mercury(l) are unstable.

Ag(aq) +2CI(aq) == [AgCl,](aq)
Pb* *(aq) +4Cl "(aq) ==[PbCl,) fam

A second consequence can be the formation of stable chloro complexes of some.
other cations, such as [CdCl4] . Since PbCl, is several times more soluble than .
AgClor HgZCIZ, it is impossible tg avoid carrying some of Pb(Il) into the solution

_after separauon of AgCland Hg2C12 Consequently Group II of cauon analysis
always contams some Fu(Il) ions.

Separatlen_and Identification of Cations of Al‘lalytieal,‘-Gr'oup I

Once the cations of this group are [:lrecipitated as chlorides, we need to separate the ions
so that individual tests can be performed for the identification of individual jons.

Separation of [ead(II) from other members is rather sasy because the solubility of
lead(IT) chloride in hot water is'several times greater than that at room temperature.
This fact is made use of in the separatlon of lead from other cations of this group.
[Solubility of PbCl, : 9.9gdm™ ?at room temperature and 33.4 g dm™ at 100°C).
Though the solubilities of chlorides of silver(I) and mercury (I) also increase with
temperature, but the solubllmes are so low that their ions are not delected by the

method of qualitative analys:s [Solubility of AgCl: 0 089 mg dm” at 20°C and 0. 21

' mg dm at 100°C; solublllty of Hg2C12 0.2l mg dm™ at 20°Cand 1.0 mgdm™ at
45°C.]

The precipitate of Group I chlorides is boiled with water and f:ltered The lead

chloride passes into solution, whereas the silver chloride and mercury(I) chloride
remain as solid.

hot water

‘PbClz() ';:e Pb° (aq)+2Cl (aq)

The hot filtrate dep051ts lead chioride on cooling. Consequently, the hot f!ltrate is
used for confirmation of lead(II). '

The precipitate of silver(I) and mercury(l) chlor:des is thoroughly washed with '
hot water before addition of aqueous ammonia, otherwise a gray precipitate °
consisting of a mixturé of basic lead(II) chioride, Pb(OH)CI and lead(I)
hydroxide, Pb{OH), coats the preelpllate of mercury(II) amido chloride,
HgNHZCl :

PeClz(s) + NH;(aq) + .‘.-IZO(l) —-7 Pb(OH)Cl(s)-+ I-;l)_(OH)z(s)+ NHZ(aq') +2Cl (aq)

(. Lok byt e e e
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Aqueous ammonia reacts with silver(I) chloride to form & colourless soluble Detection of the Cations-11

ammine ¢complex, [Ag(NH3)2]‘ while mercury(I)-chloride undergoes
disproportionation in the presence of éxcess ammonia solution to produce finely
divided metallic mercury (black) and mercury(II) amldochlonde (white) which
stays as a precipitate. .

He,Cly(s) + 2NHy(aq) — Hg(l) + HgNH,CI(s) + NHi(aq) + Cl'faq)
The black precipitate confirms that Hg(1) ions are presen.
[entification of Lead(il)

Divide the hot solunon of lead chloride into three parls and perform confirmatory
tests for the presence of Pb(II).

i) Add potassxurn chromate when insolubls yellow 1"-’bCrO4 is prec:pmled - ' o

©Pb "(aq) + CrOd {aq) — PbCrOd(s)

The precipitate of PbCrO, dissolves ot addition. of l’waOd producing hjfdrogen
plumbate(11) ion, HPbOS. Lead chromate is reprecipitaied when the so]ixtion' is

acidified with acetic acid as the excess hydromde ion is neutrallzed and the
+equilibrium shifts to the left -

. PbCrQ,(s) + 3OH (aq) — '-IPbOa(aq) + Cr04 (aq) + HO(l)

"if) Add potassium iodide, when a yellow preapltate of Pb12 forms. When this is -

'warrned the soluuc‘n on coolmg,deposns crystals of PbIras golden shmmg
- needles. : :

Pb’ (aq)+21 (aq) - Pb[o(S)

- iii) Add dilute sulphunc acid to the solution when a white precipilate of PbSO, is

obtained. PbSO, dissolves in excess of acetate ions due to the formation of
- tetraacetatoplumtate(1I) comﬁlex ion. '

P’ (aQ) + 504 (3(1) - PbSO4(S)

L

| PUSO(s) + 4CH;CO0(ag) —s [Pb(CH3COO)4] (aq + 807 (aq)

Lead sulphate is also soluble in excess of alkali hydroxlde when colourless
[Pb(OH)4] is formed. '

: PbSO4(s) + 40H (aq) = [Pb(OH)4] (aq) + SO4 (aq)

) Furlher confirmation can be obtained by acidification with acetic acid and
adding K2CrO4 solution when a yellaw precipitate of PbCrO4 is formed.

[Pb(OH)4]2'(aq) +4H'(aq) == Pb2+(aq') + 4H,0(1)
Pt’ (aq;+CrO., (aq) —= PbCrO4{.)

Identlﬁcatmn cf Snlver(l)

The presence of Ag ions in the colourless solt. ioa is co.lflrmed by the acidification
wnh dilute mtnc acid when a white precipitate. of s1lver(I) chlorlde is formed.

[Ag(NH3)2] (aq) + C \dq) +2H" (aq) — AgC!(s) + ZNH.,(aq)

’[’he 'umc amd converts NH;toT THy ¢« Preby deslroymg the complex ion. ThlS
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6.6 ANALYSIS OF THE CATIONS OF . =

- solution saturated with H,S. The sulphidss of this group are the ones with the'
- smallest K,, values. At low pH, "[SQ']'is very low and only those cations which

.. of other groups with relatively large K, values will not precipitate under these -

~ conditions. The key to the separation of cations of Grou« if and IV, therefore, lies

- in the difference between the K., values of sulphides of the cations of these groups. . . 1
 The real problem lies with the precipitation of CdS which has an intermediate K, '

increases the concentration of free silver ions in the solution resulting into . L i
- reprecipitation of AgCl. The procedure of analysis of the cations of Group Iis
summarised in Flow Chart 6.2. '

Flow Chart 6.2 ; Separation and Ideatification of Group I Caﬁons ‘

. Precipilate - o e

PbCIa, AgQ Hp(l2 ‘ L N . - A

: .Addhpl]wale_l; : S . . ?

Precipitate . | - - CoL [+ Fitate . E

AsGHpCQz - . . Pb%(aq)

Precipltate - -~ “Flitrate_ ' o Préecipltate i

Hg+HgNHAQ | . | [Ag(NH3»)aq) | .. PHCr04 yellow - f

. my B ) | ". o ‘| . . . o ) . i 4
Hl_!(D .0 . HNO; . NaOH(aq). -

“Freapiiate [ Solutien o

: oA .  HPbi(aq), - IR

oo whe T COfeg)

. . T Agld . T — o

| CHsCOOHGg) . .

Pr:pitate | e
_Yellow L

- Pb(ll)_ .

ANALYTICAL GROUP I~ -~ =~ -

The cations of this gtoup are Hg™", I'I’bz*;-Bi"",__Cﬁz‘”, Cc_12+, As™ As."’f, sb*>, _
sb™, Sn*. Thesé catjons of Group II are precipitated s sulphides from 0.3 M HCl

produce sparingly soluble sulphides with a very small K,p will precipitate. Catins

value. Dilution of the solution decreases the concentration of H+ ibx_:s and also o
releases Cd”* from the [CdC;] complex. The slight increase in pH is enough to-
givea [Sz'] sufficient to precipitate cadmium; 5} Hydrogen. perdxide is added to the
solution to ensure oxidation of Sn(1l) to Sn(IV) so that the much less soluble e e
sulphide SnS; isproduced. -~ oo e

C T P"Eg)+HS(q) ~ PoS(s)+2H'ag) T

o "ng"(aq) + st(aq) — HgS(s) + Zm(aq) _ .
- "2Bi"(aq) + 3H,S(aq) ~ Bi;Si(s) +6H (aq)"
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Cu*(aq) + HyS(aq) — CuS + 2H'(aq)
Cd™(aq} + H,S(aq) — CdS(s) + 2H"(aq) -
2A5¥(aq) + 3H;5(aq) — As;Sy(s) + 6H'(aq)
ZSb""(af_x_) +,SHZS(aq) —» Sb,S.(s) + _10H+(aq)
sn*(aq) +2H28faq) — SnS,+ 4H'(aq)
Sn’ *(aq) +H202(aq) +2H (aq) — Sn’ *(aq) + 2H20(l)

6.6. 1 Separation of Analytlcal Group I1 mto Group IIA and
: Group.IIB

After precipitation the cations of Group II are separated into Group ILA and Group
IIB by selective dissolution of the precipitate. The sulphides of arsenic, antimony

e ’“zmd }in are separated from other members ot' the group by dissolving them in ye]low

” ammmnum sulphlde
Aszs3(s)_+482 (aq) === 2[AsS,] (aq)+S_7, (aq-)
| A%Sy(s) +657(aq) —= 2[AsS,[(aq) + 35 (ad) _
Sb7S(5) + 457 (aq) > 2[SHS,1"(aq) + $3(aq)
SbiSy(s) +657(aq) == 2[SbS,]"(aq) + 35} (aq)
S88y(s) + 27 (aq) e—= [Snsslz'(aq)+S§‘(aq) |

The cations Asa+, Ass", -Sb3+, $b™ and sn’ consutute the Group IIB of the scheme.

The sulphides of Hg™, Pb®, Bi**, Cu® and Cd* do not dissolve in yellow
"ammonium sulphide and are left behind. These constitute the Group IIA of the .
. scheme, The procedure for precxpﬂatlon of Group Il ‘cations and their separation
.into Group ILA and Group IIB is summansed in Flow Chart 6.3.

Flow Chart 6.3 : Precnpltauon of Group II Cations and Separatlon into Group ITA and
. = GrouwpIIB -

Solution of cations of Groups 1I-VI

A ‘ | 03MHC], 3%H202, HzS
[T — 1

Precipitate ‘ : ) Filtrate -
Sulphides of Group Il cations | Cations of Groups III-¥1 |.
HgS PbS BizS3, CuS, CdS, As2S3, As2Ss, Sb2S3, SbaSs, SnSv : :
(NHq}zsz(aq)
I . Precipitate - - Filirate
Sulphides of Group IIA cations| o Thioanicns of Group IIB: rcations -
- Hgs, PhS, BizSs, Cus, CdS - i AsS3(aq), SbS%’(aq sns¥(aq)
N ‘. - o T HO @)
" , - + »
- : . Precipitate
‘ Sulphides Group II B Catioris
As2Ss, SnSz, sz;u:, szS° :

'6 6.2 Sepal:atlon of . Cat:ons of Group A -

The separauon of. HgS fiom ‘other memt ,rs of thr‘ gro: 'p lsbased on the solublhty
- .-of PbS, BizS3, CuS and CdS in d;hite YTNO3 while HgS rgmains insoluble.

3PbS(c; + 8H'(aq) + 2NOY(Aq) — 3Pb™(ag)+ 2NO(g) + 4H,0(1) '+ 35(s)

Detection o\f the Cations-II
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. Qualitattive Inorganic Analysis

3CuS(s) + 8H'(aq) + 2NO3(aq) — 3Cu™(aq) + 2NO(g) + 4H,0(1) + 35(s)
Bi2S3(s) +4H'(aq) + 2NOj(aq) ~ 2Bi**(aq) + 2NO(g} + 2H,0(1) + 35(s) -

3CdS(s) +8H" (aq) + 2NO3(aq) — 3Cd’ *(aq) + 2NO(g) + 4H,0(1) + SS(s)

Mercury(ll) sulphlde dissolves in aqua reg:a due to the combined effect of very o
high oxidising action and complexing ability of aqua regia. This results in'the .~ -

-

formanon of stable tetrachloromercurate(ll) complex 1on,[HgC]4]
3HgS(s) + SH (aq) +12CI{aq) + 2NO3(aq) - 3[H0Cl4] (aq)
: + 2NO(g) + 4H,0(1) + 3S(s)
Lead(II) is separatcd from other members ie. Cu(II), Cd(1I), and Bl(III) by

pretipitation as PbSO,. Nitric acid must be- completely removed from the solution

by fuming with concentrated H,SO, smc&)’-’bSO4 is squble in HNO3 The.
evaporanon must be carried out in a hood since the vapours of HNO,, oxides of .
mtrogen and sulphur are-extreinely corrosnve and toxlc The SOlllthll is diluted to

repreapxtate PbSO,.

Pb*>* (aq)+SO4 ag, — l-'-NO.,(s)

Bismuth(IiI) is separaled from the rnmammg members of the group, i.e. Cu(II) and
. Cd(II), by precpitation as Bi(OH), by adding aqueous ammonia soluuon '

Copper(1l) and cadmium(Il) stay in solution because they form [elraammme
complexes, copper complex being deep blue in colour.

Bi’ (a'q)+3NH3(aq) +3H,0(1) — Bi(OH)y(s) + 3NH}{(aq)-
O N (a) m - [CO(NHG) P a)

‘ Cd2+(a_q_) + 4NHy(aq) s=—> [Cd(NH3)4]2;(3CI)

The blue colour of the solution is a preliminary indication of the presence of Cu*ion

663 Separation of Cations of Group IIB
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The solutlon containing thicanions of arsemc antimony and tin is acidified with.
dilute HCI. The sulphides of thcse cations are agaln prec1pllated a]ong with sulphur
in'the collmdal form:
2[A554] (aq + 6H (aQ) - A-’zss(s) + 3H25(g)
_:‘Z[SbS_,,] (aq +6H *(aq) — .‘Sb2SS(s) + 3H,S(s)
' Sb,Ss(s) — Sb,S5(s) + S(s)
. [Snsalz'.(aq) + ZH*(aq) — SnSy(s) + HyS(g)
8 (aq) + 2H (aq) — HyS(g) +S(s).

The separatxon of As,S; from other members of this group is based on the
dissolution of Sb,S; and SnS, in concentrated HCI, due to the formation of
tetrachloroanllmonate(lll) and hexachlorostannate(TV) ions: -

A

szsa(s) +6H (aq +8Cl “(aq) — 2[SbCL] (aq) + 3H,S(g)

SnSé(s) +4H'(aq) + 6Cl (aq) =5 [SnClﬁjz'(aq) + 2ﬁ2S(g)

Ty,
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The solution is boiled to ex‘,-:el H,S and used 1o confirm the presence of antimony Detection of the Cations-Il

" and tin ions int solution. The insoluble As,S; is treated with aqueous ammonia and -

H,O, or with nitric acid and the solution evaporated 1o near dryness. As a result
arsenate ions are produced. Confirmation of arsenic is done using this solution.

As;Sq(s) + 16NHy(aq) + 20H,0,(aq) ~ 2As0} (aq) + 16NH;(aq)
: _ - 45507 (aq) + 12H0(1)
3As;Ss(s) + 10H (aq) + 10NOj(aq) + 4H0() — 6H,As0,(aq)
+ 10NO(g) + 155(s)
. The procedure for precipitation and separation of cations of Group II is summarised
in Flow Chart 6.3. o _ .
6.6.4 Identification of the Cations of Group II '

~ After separation of individual cations either by selective precipitaﬁon or by
selective dissolution as discussed above, their presence is further confirmed by
means of identification tests for each cation.

B Identification of Mercury(Il)
The precipitate of mcréury(ll-) sulphidé is black. Dissolve the precipitate in aqua

regia and evaporate to near dryness. Add 1cm’ conc. HCl and heat again. Dilute
with water and divide into three parts. ) :

i) Adda few drops of SnCl; solution to onc part, appearance of a white precipitate
which tumns gray confirms mercury(Il):
- 2Hg™(aq) + 2CI(ag) + Sn**(aq) — HE,C'y(8) +Sn” (aq)
Hg,Cly(s) + Snz'(aq) - 2Hg°(l) + Sn“(a_q) +2Cl (aq) '

i) Adda few drops of Kl solution to another part. A yellow éteéipitate of Hg12 is
formed. The precipitate dissolves on adding excess K1 due to the formation of
tetraiodomercurate(I), [Hgl, ], complexion:

Hg"'(aq) + 20 (aq) —> Hgl(s)

Hely(s) + 20 (aq) — [HgL]"(aa)

iii) Add asmall piece of copper wire to the third part, when a shining deposit of
meércury is obtained on the copper wire and the solution turns greenish blue. 7 -

Hg®(aq) + Cu’s) — Hg"(1) + Cu™(aq)

Identification of Lead(Il) _
The precipitate of lead sulphate is whitc. Dividc the precipitate into two parts and
perform the following tests :

i) Heat one part of the precipitaié with excess of ammonium acetate solution. The
precipitate will dissolve due to the formation of tetraacetatoplumbate(Il)
complex jon: .

PbSO,(s) + 4CH,CO0 ™ aq) s——= [Pb(CH,CO0),]" (aq) + SO (aq)

i) Heat the nther part of the lead sulphate precipitate with excess of-sodium -
hydroxide. The precipitate will dissolve to give a colonrless solution due to the
formation ~f tetrahydroxoplvmbate(ll) ion: ' '
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Qualitattive Inorganic Analfsls ' i

PbSO,(s) + 40H (aq) == intOH)t]z-(aq) + SOi-(alq) -

_Acidify the solution with acetic acid and add potassium chromate solutlon A
yellow precipitate of lead chromate will be formed

[Pb(OH)4] (aq) + 4H" (aq) = Pb (3CI)+4H20(1)
Pb™'(aq) + CrO3(aq) — PbCrOLs)
Identification of Bismuth(III)

The precipitate of Bi(OH)_-, is transparent and gelatinous. Confirm bismuth(III) by

addition of a freslily prepared sodium tetrahydroxostannate(II) reagent (sodium
stannite) to Bi(OH); when black metallic bismuth prec1p1tatcs

2Bi{OH)y(s} +3[Sn(OH) 4] aq) - 2B| °(s) + 3[Sn(0H)5] (aq
Alternauvely, diSSOlVG BI(OH)3 in dilute HCI and divide mlo two parts:
BI(OH)3(S) +3H'(aq) — Bi’ (aq) + 3H20(I) ' H |
i) Add dlsulled water to one part when white bismuth oxychloride preclpltates.
Bl (aq) + Cl(aq) + HO0(l) — BiOCI(s) + 2H" (aq)

ii) Add potassium iodide reagent_ dropwise to the second part when a b_Iagk e
precipitaté of Bil, is obtained. The precipitate dissolves readily in excess .
reagemt when orange coloured tetraiodobismuthate jons are formed.

Bi’ “(aq) + 31" (aq) — B113(s)

Bily(s) +1 (39) [BiL,} (aq)
Identif' cation of Copper(Il) ’ '

- The prcsence of copper is confirmed by making the solutlon aCldlC with acetic ac1d

and adding potassium hexacyanoferrate(Il) when are ddlSh brown precipitate of

Cn, Fe(CN )s] forms.

[Cu(NH3 4] (cq +4H'(aq) — Cuz+(aq )+ 4NH:(aq)

:,Cu (aq)+ [Fe(CN)ﬁ] (aq) = Cu,[Fe(CN) ](s)
Cadmium ions under similar conditions produce a white precipitate.

204" (aq) + [Fe(CN),] aa == C,[Fe(CN)(s)

When both copper(IT) and cadniiufn(II) are present, copper ions are separated by

reduction of the ammine complex with Na,S,0, (sodium dithionite). Under these
conditions cadmium ions are not reduced and so after separation of metallic copper,
the solution is saturated with H,S when yellow CdS precipitates. :

[Cu(NH),J*(aq) + 5,02 (aq) + 2H,0(1) — Cu’(s) + 2503‘(aq) + 4NH,(aq) -
{Cd(NH3)4]2‘(aq +87(aq) — CdS(s) + 4NH,(aq)

All.,rnatwely, acndlfy the solution containing Cu(II) and Cd(II} ions with dilute
HCI and pass H,S. Only black Cu$ precipitates. Separate the precipitate. Dilute
the solution atleast 100 umes and pass H,S, a yellow precipitate of CdS w1ll be
formed: - » ) '

_ [Cu(NH;)4]27(aq) +4H'(ag) — Cuz+(aq) + 4NHj(aq)
Cu™(aq) + H;S(aq) — CuS(s)+2H'(aq) #
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[Cd(NH3)4]2’(aq + 4H'(aq) + 4CI (aq) = [CACL]"(aq) +4NH4(aq) ‘
[CdCld] (aq) == Cd *(aq) + 4Cl(aq)
Cd*(aq) +.HZS(aq)-—..=.—l_\ CdS(s) + 2H _(aq)

.Dissolve copper sulphide by treating with diute HNO, and evaporating to near .
dryncss Extract with water and neutralise with aqueous a.mmoma and confirim
copper(II) by using Kq[Fe(CN)s] reagent :

Use of KCN to separate Cu(II) and Cd(II)

Solunon containing [Cu(NH3)4] and [Cd(NH3)4] is treated with an excess of

KCN pnor to saturation with-H,S. cu®is reduced to Cu'* and a very stable complex :

[Cu(CN)_-.,] is produced ( K¢ = 2.0 x 10° )

2[Cu(NHy )} (ag) + BCN(ag) =t 2[OW(CN);[*(a9) + (CN)g) + NH(aq)
Consequently, concentration of Cu(l) ions in equilibrium with the complex is very
low and K, of Cu,S is not exceeded when the solution is saturated with H,S.
Cadmium(II) iors form tetracyanocadmate(II) complex ions in the presence of
cyanide ions. But the tetracyanocadmate(II) ions are much less stable

(K = 7.1x 10" )than the tricyanocuprate{]) ions, and they react with sulphide ions
to form a yellow precnpnate of cadmium sulphide:
"[CA(NHS3) 4] “(aq) + 4CN (aq)—ﬁ {Cd(CN)4] (aq) + 4NH3(aq)

* [CA(CN),]" (aq) + S (aq) ~> CdS(s) + 4CN(aq)
The separation and identification of the cations of Group I1A is summansed in
- Flow Chart 6.4.
Wlow Chart 6.4 : Separation and Identification of Group I1A Cations

Hgs, PbS, BizS3, CuS, CdS

- - HNO3 (3M)
. HNO3(3M}
Precipitate  |. B Filtrate
.Black (HgS : ) L
fack (HgS) Pb2*(aq), B13*(aq), Cu*(aq), Cd¥*(aq)
, . H2S04 -
Aqua regia Jconc. :
. V- _ ' o
" Solution Precipitate Filtrate .
s PbSO 3 e 2
[HgCla)(aq) (while) Bi (ag), Cu (aq), Cd" (aq)
Divide into twa parls ‘ CH3CQONH‘J
. Solutic'ﬁla
, _ [Pb{CH3CO0)4)" (aq)
8nCiz (aq) KI (aq)
' { K2Cr04 (aq)
Precipitate - s
Precipitate . Precipitate
HezClo + Hg Hal2 PbCrO4
Hg(D) -BrcessKi(aq) - [ NaGH (6M)
o SpIuTtio?l' . Solution -
Ka[Hgi Kaq) bC (ag), CrOF" (aq)| - - \
He(l) | CHCOOH =
' Precipitate
PbCrO4
Pb(Il) -

Detection of the Catlons-If

Potassium cyanide is a deadly
poison. You may n<: have
access lo this chemical for
performing lhe separation of
copper and cadmium.
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Flow Chal_-t 6.4 continued

Qualitaftive iﬁorgantc Analysls

Filirate
Bi**(aq), Cu™*(aq), Cd**(aq)
NH3 (ag)
Precipitate - ' Solution _
Bi(OH)3 . [Cu(NH3)4}%* (aq) blue,
o “J - [Cd(NH3)4)>* (aq) colourless
Divide into two parts S Divide intp two parts ._
f . |‘. — ’ - —
. [Sn(CH)* . HCl .CH3000H (aq) NazSz0) (s)
: : I o l : K4[F¢((1N)6](BQ) ,

) ' o ) .
Precipitate Solution Precipitate | | Precipitate Filtrate
BI (black) BiCl3 (aq) Cuz[Fe(CN)g]| | *Cu Red Cd**(aq)

S : Redishbrown :
BI(IID) Divide imfl two parts Ca(l) Cu(n, Hzé(aq)
: ' Preclpllale .
l KI (af) CdS yetlow
Precipllale Precipitate - Cdan
BiOCl, white _Bil3,b1aCk : -
Bi(lll) . Bi(lll)
. Allernale Procedure for Separanon of Cu(ID) and Cd(ll)
‘ solution i
Cu(NH3)4>*, [CA(NHa)]*
' [ BOGM), HaStaq)
Pml;"itpte' - Filhlatg
; CuS black Cd2+-(aq)
HNOQs3 (3M) Dilute with water
_ (1:100). Pass HaS
Solution
Cu”* (aq)

' Precipitate
NHi(aq) Cds yellow
Solution Cdan

Cu(NHz)4]**(aq) blue (L |
CH3COOH (sq)
] Ka[Fe(CN)g](aq)
Precipitate : )
Cuz[Fe(CN)g]
Cu(l)

Ide‘ntiﬂcntion_ of Arsenic(V)

Arsenate jon behaves very much like phosphate ion in iis reactions. For example,
when a solution. of ammonium molybdate and nitric acid are added to a solution of

arsenate ions, a yellow precipitate is formed:
A

AsO; (aq) + 12MoO2 (aq) + 3NH,(aq) + 24H’(aq) —
' (NH,)3[As(M03040),](s) + 12H,0(1)

?
When magnesia mixture is added in the presence of ammoma white insoluble
magnesnum ammonium arsenate precipitates : :

ASO4 (aq) + NH4(aq) + Mg *(aq) + 6H20(l) — MgNH,As0;. 6H10(s)
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Furtker confirmation of arsenic(V) involves dissolution of the precipitate in acetic '- Detection of the Cations-II
acid and addition of AgNO; solution in the présence of ammonia(aq) when '

red-brow1 Ag;AsQO, precipitates:

MgNH,AsO,.6H,0(s) + 2CH,COOH(aq) — |
Mg2+(aq) + NH:(aq) + H,As0,(aq) + 2CH,;COC (aq) + 6H,0(1)

H,AsO4(aq) + 3Ag" (aq) + ZNHa(aq) — AgsAsOy(s) + 2NH;(aq)

Identification of Tin(IV) and Atimony(XIY)

Sn(IV) and Sb(IIl} ions react with oxalic acid lo. form soluble complex compounds:
[SnClg] " (aq) + 3H,C,04(s) — [n(C,0.):] (aq) + 6CI (aq) + 6H'(aq)}
[SbCL] (aq) + 3H,CGO(s) — [Sb(‘CZO,;)';]}(aq) + 6H'{aq) + 4CI (aq)

For confirmation of tin(IV) in presence of antimony, add a piece of iron to the
solution and heat on a water bath for 5 minutes. This reduces Sb(III) io Sb° and
Sn(IV)to Sn(Il). Filter the black deposit of anhmony and add a few drops of HgCl,
solution and wajt, A white precipitate of Hg,Cl, separates which turns gray on
standing. If elementa’ iron is not ava:lable a picce-of aluminium wire may be
substituted in the test.

2[SbCl,]"(aq) + 3Fe(s) — 2Sb°s) + 3Fe**(aq) + 8CI(aq) |

[SnClgJ (aq) + Fe(s) — [snc14]2'(uq)+Fe2*(aq)+201'(aq) | - _
rRnCL;] (aq) + 2HgCly(aq) ¥—> [SnClﬁlz—(aq),+ Hg,Cla(s) -
[SnC1]"(aq) + He,Cly($) — [SaCl]* (aq) + 2Hg ()

H;S mterferes with the test and must be boiled off before performing this test. High -
concenlratlon of HCl should be avoided as it leads to the formation of stable .

. [HeCly ] which reduces the concentration of Hg ions in solution. The separation
‘and 1dent1ficaiion of the cations of Group IIB is summarised in Flow Chart 6. 5.

6.7 ANALYSIS OF THE CATIONS OF
ANALYTICAL GROUP 11X

After the separation of cat:ons of Group II, the [iltrate from Grouﬁ Il is heated in a
china dish to boil off H,$ gas. 5-6 drops of conc. HNO; are added aad the solution
' agam heated so as to oxidise iron(Il) to iron(Ill), and H,S, if any, to free sulphur

. 3Fe’ *(aq) + 4H (aq) +NQ; — 3Fe (aq) + NO(g) + 2H20(1)
BI-;g_S(aq') + 2H'(aq) + 2NOj ( aq ) > SS(S) + 2NO(g) + 4H,0(1)

The solution is buffered v.itu MH,Cl ~ NH4OH solution. The concnntration of OH™ -

ion is controlled by =dding NH;, fons to the solution as a result of which only the _' '
hydroxmles of B¢ I1), Cr(TII) and AKIII) are precipitated. The only remaining -

cation in the scheme that for:as a prempntable Evdroxide is Mg ion. However, this
hydroxide is.r-ich more soluble and wou!  require a higher concentration of

hydroxide ions Lha 1" available in *he nresance of NHj ions.
NHs(g +1,0() —>° NH(aq) + OH (aq}
Fe*'(aq) + SOH_(éq) - Fe(OH)4(s)
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. Qqnlimiﬁvélnorganchnalysb i Alh(aq) + 30H’(aq) - M(OH);(S)
' | o Crs"(aq),-g-3OH'(aq) — Cr{OH)s(s)
Flow Chart 6.5: Separation and Identifjcation ¢f Group IIB Cations

Precipitate
As2Ss, SnSz, 8baSs

1 HTI(12M)

' : - 1
~ Precipitate . ~ -Filtrate
*AszSs yellow - 136Cl4]™ (aq), [SnClg]* (aq)
Evaporate tolne,a'r dryness ° - = T
with HNOs(16 M), - Boil off HoS .
Extract with water ) o Divide i'nt? two parts
L ' S L pesal NHj(aq), H2C204(s)
. Solution 1o :
HiAsOQs - [ ; 4
Preclpilale Filtrnte : Solutlo?
st (black) Sné* (aq) [Sb(C204)3] '(aq)
| [80(C204)3]*(aq)
| Sb Iy | - 1
o - BgCla(ag) HzS(aq)
(NHA)MoOs(ag) - ‘ |
o ! ‘ ' Precipitate-‘ Precipitate
‘ Precipitate | HgoClz ‘white®| | -SbaSa(orange)
(NHg)s[ As(M: 010)4] orHg (gram :
. yellow _ -
Sn(Iv) . Sb{ID).
As(V) : ,

Identification ofAt‘Senic(V )

Solution
H3AsO4(aq).

NHs(aq)
NH4Cl{aq)
MgS04(aq)

Precipitate . |
. MgNH4AsO4(s) white *

, mgco%)n(_sM)_

Solution -
H3AsO4(aq)

- AgNOs(ag)

. Precipitate
Ag3AsO4(s)_ Brown-red

Separatlon and Identlﬁcation of the Cations of Analytlca‘ Group III

Aluminium and chromium hydroxides are amphotenc and readily dissolve imr
alkaline solution above pH 10.0 with the formation of [AI{OH),(H,0),] (aq)
(colourless) and [Cr(OH)(H,0),] “(aq) (green) complex species. Iron(I1I)

hydroxxde however, does not dissolve in presence of excess alkali. Further the
co"’ p.ex tetrahydroxochromate ion is easily oxidised to yell W chromate ion,

CrO, (aq) by heating with H,0,, which is a strong oxndasmg agentiin alkaline

- solution.
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AI(CH)(s) + OH'(ag) e [AIOH),(H:0):] ad)
Cr(OH)s(s) + OH(aq) —= [CHOH)(H,0)I aq)

2[Crt0H)4(H20 2] (aq) + 20H (aq) + 3H,0,(aq) == 2CrO} (ag) + 12H,0(1)
Hence, separatlon of iron(I11) from AI(III) and Cr(III) can be easily achieved.

. Identification of Iron(III)

‘The brown coloured precipitate of Fe(OH), is dissolved i m dil. HNO; to give a light

yellow solution containing Fe' (aq). The presence of Fe™ is confirmed by the
formation of characteristic colour of Prussian blue KFe[Fe(CN);] or the blood red

thict§natoferrate(Ill) iron, [Fe(NCS) (HgO)s}
_Fe *(aq) + K'(aq) + [Fe(CN)s] (aq) — KFe[Fg(CN).;](s)

[Fe(H,0)¢]"(aq) + NCS(aq — [fe(NCS)(HZO)S]z* aq) + H,0(1)

A large number of complexes exist in solutlon dependmg on the concentration of
thiocyanate. However, these complexes dissociate on.dilution with water.
Therefore, a high concentration of thiocyanate should be mamtamed while
performing this test.

Identification of Alumlmum(lll)
The solution containing dxaquotetrahydroxoalummate(III) [Al{OH),(H,0),], on
careful acndlflcatlon or boiling with NH,Cl reprecnpxtates aluminium hydroxide:

[AI(OH)(H,0)] (2q) + H'aq) — Al(OH)s(s) + 3H,00)

[AI(OH),(H,0),] (4q) + NH (ag) — AI(OH)y(s) + NHy(g) + 3H,)

The presence of aluminium ions in the solunon can be further confirmed by

addition of aluminon, the ammonium salt of aunncmcarboxyhc acid, which gives

~ an insoluble red coloured lake. Blue litmus solution can also be used in place.of
aluminon reagent. :

HNo O o
. C "
|

HO

N C=Q=°tm |
L ' o C—_O' -
o~ b
[ L '

H4NO ~o

In case of blue litn 15 solutien, a blue floating lake is obse »red in the solution when
ammonia is continuously added down the side of the test tube. c‘ﬁmammg an-
acidified solutior of aluminium(III). The dye gets adsorbed on th= precipitate of
.gelatimous aluminizm hycroxide.

. AL (ac +31"H 3(aq) + 3H20(1) - (OH)s(a\ + 3NH4(aq)

Identlﬁcatlon of C- acrmiem (I

f the solutior after oxidaii21 is colourej ye]Iow it shows the p“f‘sence of chromate 7

ions, C‘r04 hl"‘ solution ¢ - '=r‘r 'catlc turns orange dve to the ex15tence ofapH

"

depe" dent ~qilibrium :

Detcction of the Cations-H

?
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2 H {aq >

200, (ag) == Cr,07(aq)
_ OH (aq) ' _

The presence of chromium is confirmed by the acidification of solution containing

Crog_ in the presence of H,0,, when a blue colour appears, which rapidly fades

producing free oxygen. The colour can be stabilised if amyl alcohol or ether is

" added before adding H;0,:
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Cr,07 (aq) + 4H,0(aq) + 2H'(ag) — 2Cr04(aq) + SHO(I)

4CrOy(aq) + 12H'(aq) — 4Cr5+(aq) +70,(g) + 6H,0() ~

Addition of either Pb™ or Ba* to a solution of C‘rQZ— ions made acidic with acetic

acfd produces yellow precipitate of PbCrO, or BaCrOg:
| 'Ba™(ag) + CrO} (aq) == BaCrO,(s)
Pb™(ag) + CrO}(aq) &= PbCrO,(s)
The yellow.precipitate,- however, dissolves in the presence of strong atéid.
2BaCrO,(s) + 2H'(aq) == 2Ba2+(aq)_+ 0203‘(;q) + H,0(1)

The separation and identification of the‘ca;ions of Group III is summarised in
Flow Chart 6.6. :

6.3 ANALYSIS OF THE CATIONS OF

_ ANALYTICAL GROUP 1V

" The filtrate after separation of Groug 11l cations contains ammine complexes of

cobalt(Il), nickel(1l) and zinc(II) and Mn(OH),, which does not precipitate because
the [OH'] is controlled by the NH; ion added as.NH,CI.

1\_1_H3(e:xcess)

n

" NH.(aq . K .
Co”(aq) 2. p(OH),fs) [Co(NH;)J* tan
Ni*(aq) =2V, Ni(OHLs) _Hafexoss) [Ni(NH,)s]"" deep blue
Zn2+(aq) FHJ(aq) Zn(OH)z(s),'! :"H3(exms.) [Zn(NH_:,).,]z'+ colourless ‘

The sulphides of this group have larger K, values than lﬁe sulphides of Group 1
and, therefore, would require higher concentration of S _.iq_ns for precipitation.

H,S produces §° according to the reaction _HéS(aq) = 2H'(aq) + Slz_(aq).‘ In the

preceding unit, you have studied that the 3 jon conceatration can be controlled by

. controlling the H' ion concentration. If the [H"] decreases, then the [Sz'] will -
- increase as a new equilibrium will be established through an increased forward

+ reaction. To produce the desired [S2 ], @ ammonium hydroxide controlled reaction is

used to reduce [H+] by means of the strong forward reaction
H+(aq) +OH (ag) — H,0(l). By decreasing the H' ion concentration still further, -
the S” concentration is increased as the reaction - o

‘H,S(aq) & 2H (aq) + s” (‘aq )shiﬂsrstill further to the right. The cations of

this group are, therefore, precipitated from NH4CI—NH;OH buffered solution as
sulphides by passing H,S: . ' ,

[CO(NH3)6]2+(aq) +5"(ag) = CoS(s) + §NH3:(aq?_

[Sed BN il
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; ) [Ni(NHg)g]h(aQ):"' Sz:(aCI) _, NiS(S)‘+ 6NH3(aq) o Detgctlon ol'.th~e Cations-1i
Mn*(aq) + S*(aq) — MnS(s)
[Zn(NH;).]""(aq) + $*'(aq) — ZnS(s) ¥ 4NHy(aq)

Two forms of cobalt sulphide exist, a-CoS, which is readily soluble in HCI(6 M). -
However, the a-Co$ on standir.g converts spontaneously to 8-CoS, which is
slightly soluble in dilute HCI. Freshly precipitated NiS has a tendency to convert to
colloidal form. Therefore, before filtration, it is desirable to add NH,Cl(s) and warm
the solution in a water bath which not only flocculates the precipitate but also
converts o-CoS to B-CoS.

Flow'Chart 6.6 : Separation and Identification of Cations of Group III

Precipitate
Fe(OHs, Al(_()H)3,..Cr(OH)3
—T
' NaOH(GMI,HzOz(Zi%) ) )
Precipitate - e ' Solution
Fe(QH)s brown | - . [AI{OH)4(H20)2]™ (aq) colourless ,

| . Cro3-(aq) (yellow)
HCI(6M) i | |

__L_l . NHiCl(s) HC  CH:COOH(aq)  HCl
Solution . boil T (CH:COORPb  Ha05(3%)
Fe*(aq) | [ S P (TQ) | Eizo

[ , i Precipitate Solutlon Precipitate - Solution
NH4SCN(aq) Ka[Fe(CN)sl(aq) | Al(OH)3 AP *aq) . PbCrQq CrOs which
) . yellow imparts bluc
colour to- |-
organic layer| .

= Al l Cran) Crin)
Solution Precipi‘ate |- _ Blue - .
. Fe(SCN)3 | | K4[Fe(CN)sl ) litmus(aq)/
bloodred |.|Prussianblus | . Aluminon(aq)
caolour : :
Fe(lD) Fe(lll) C ) l o

AITID

Separation and Identification of the Cations of Analytical Group, IV

The cations of this group zan be separated into nickel-cobalt-and zinc-manganese
.shbgroups Zinc and mahganese sulphidcs readily dissolve in dilute HCI, while
cobalt and nickel suiphides are sparmgly soluble. Therefore, the precipitate of the .
Group 1V cations is treat=d with dil. HCl to separate them into two sub-groups. ZnS
and MnS pass into solution, where:.s CoS and NiS remain as residue which is
'separaled by filiration.

MnS(s) + 2H'(aq) — Ma”'(aq) + H;S(g)
ZnS(s) + #H'(aq) — Zn"aq) + H,S(g}

The soluticn now conta’ns Mn(II) and Zn(II). The sontion is boiled to expel H,S
ahd “n(1I) is separated from Mn(II* by taking advantagg of the amphioteric . *
character of zinc hydroxide, which dissolves in pfeser~e of excess alkali. The
solution, therefore, when boiled with No-DOH converts zinc(Il) to soluble
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tetrnhydroxczmcate(ll), [Zn(OH)4] , leaving a black-brown MnO,. xH,0.

Oxidation of black MnO, by H;0, in nitric acid brings Mn(1l) into solution.

Zn*(aq) + 40 (aq) =  [Zn(OH),[" (aq)
Mn*(aq) + 20H (aq) —> Mn(OH)y(s)
Mn(OH)z +H;0(aq) ~> MnOz(s) + 2H20(l)
MnO,(s) + Hzoz(aq) +2H'(aq) — Mn? *(aq) + 2H20(l) + oz( )

The residue of CoS and NiS$ is then dissolved in aqua regia,

.. CoS(s) + HNOa(aq) + 3HCl(aq) =» Co (aq) +8(s) + NOCl(g + 2Cl (aq) + 2H,0()

NiS(s} + HNO;(aq) + 3HCl(aq) — N1 *(aq) + S(s) + NOCI(g) +2Cl (aq) + 2H20(l)

On longer heating the mixture becomes clear because sulphur gets oxidised to -
sulphate ions: .

S(s) +4N03(aq) ~» S0, (aq) + 4N02(g)

Identiﬂcation of Zinc(II)

" The presence of zinc(Il) can be confitmed either by reprecipitation of zinc sulph:de

or by production of a gray white precipitate of K,Zns[Fe(CN)g], in acidic solution.
Most other ‘hexacyanoferrates are soluble in acidic solution, whereas the- gray-whlte

. prec1p1tatedlssolves in basxcsolutlgn o -

in (aq)+S (aq) == — ZnS(s).

3za¥ag) + 2K (a0) + 2{Fe(CN)y] Tag) ~ KzznalFe(CN)s]z(S)

- KiZngfFe(CN)el(s) +120H (aq)—-zx @) +3[Zn(om4] (sq) 2[Fe(ONy,) aq)
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Identiftcation of Manganese(II) .
When the brown precipitate of manganese(IV) oxide is dissolved in H202 '

.« contain:ng nitric acid and the oxidation effected by a powerful oxidant likz
- sodjum bxsmuthate(V) or lead(IV) oxide, conversion to'purple permanganate

- ion, . 07, takes place This is an excellent conflrmatory test for the detecuon of
-mangar: ';e(II) o

: MnOz(s) + H,,Oz(aq) + 2H*( aq) - Mn? (aq) + Oz(g) + 2H20(l)
2Mn (dq) +14H (aq) +5NaB103(s) - z\dn04(aq) +5B1 (aq) +7H20(I) +5Na (aq)

Identifi:nt*oxof Cobalt(ll)

Cobalt is ldentlt‘ied by the golden yellow colour of potassium
hexan:tntocobaltate(lll) orby the blue colour of thxocyanato complex,

[Co(NCS)4] or by the red*colour of 1xitroso-2;naphtholate complex.

Add potassium nitrite to the soluuon and acidify with acetic acid when _
hexamtntocobaltate(ll), [Co(N02)5] forms which gets oxidised to T
.hexamtntooobaltate(lll) ion, [Co(NO,)G]

CO (aq)+6N02(aq) ~ [CO(NOz)sl (HQ)
[CO(NO'z.js]f-(?‘q)f. NOz(?fl_HZH (aq) - [CO.(Noz)s] (s) +-N0(8)+ H;0(aq)

ul-
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ThlS in turn reacts with potassmm jons in solution to prcmp:tate golden yellow
pot:{ssmm hexamtr:tocoballate(III)

- -3K'(aq) + + [Co(i 705)s] (aq — K;[Co(NO,) 5](s)
The overz. reaction can be expressed as foll; vs:
| Co’ (aq) +TKNO,(s) + 2H "(aq) = K;[Co(rin,;)(s) + NO(g)+ 4K'(aq) + H;0(1)
Other tests may alsd be performed to ~- ifirm the presence of cobalt in the solutign.
' Add a1yl alcohol or ether and :oiid ammonium thiocyanate, foHowed by concéntrﬁted
hydrochloric acid, Deep blue colour in alcohol or ether layer confirms cobalt(TT).

Co™(aq) + 4SCN(aq) —= [Co(SCN).]™

Tetrathiocyanatocobalta_te(ll), ‘

| 2H'(aq) + [CHSON), T == ,[Co(SCN),]

o® ' Deep blue. colour in amyl ‘éllcohol or ether

Since Fe(TII) forms a:*:#d red coloured complex, [Fe(NCS) (H,0)s]”, which
would interfere wZ'. "¢ *25t for cobalt. Addition of sodium fluoride prevents
-interf--ence of Fe(IIl) gue to I~ ation of stable [FeFﬁ]s" complex jon.

* [Fe(H;0)"(aq) » 6F (aq) - [FeFe]"aq) + 6H,0()

Add 1-notrzso-2-naphthol reagent. An orange red precipitate forms, which is
extractable into ch!sroform. A number of other metal 'ions, like nickel(II), )
copper(Il), irca{Il) etc. also form insoluble precipitates with this reagent, Cobalt
forms a complex, which is inert and is unaffected éven in the presence of
concentrated hydrochleric acid, other comp]exes dlssocmte and go back i into
aqueous phase.

a

R~ Cor3

s Identlﬂcatlon of Mt ckel‘(u)

The presence of nickel :n fhe'solution is conﬁrrred by addition of d:methyI
-glyoxime reagent when » scarlet red cor. ~1sx.is formed, Cobalt(II) also complexes -
with the reagent-but the.compiex does not P :1p1tale and 50 cobalt does not
- interfere in the detection of mckel '

The separation and 1denuflcat10n of the cations of Group IVis summanscd in Flow
Chart 6.7,

' S o 07 o .
o Lot o~ | -
| o H G N: N _-CHs
. H,C—C~N—OH" TN S ™
N r2 ] —e LN L
’ "HyC— Z==N—OH - Hac/ e Nﬁ’ \CH3
‘ o ‘ i | o
0. O

Betectlon of the Catlons.I1

63

[t fete] et 13 o

—IIE T 5

EIERi2) [t vkl LS ) et Y

SS =1 17 P b -t 2 7 e e

|3 P pter] b o g e

no

=3

THIT TUTE D) 40LIET




Qualitattive Inorganic Analys!s
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Flow Chart 6.7 : Separation and Identification of Cations of Group IV

Precipitate
ZnS, MnS, NiS, CoS
' |
\ 4
' . 1 " Filtrate
A . ! 2+ 2+
N Residue . Zn (ag), Mn (ag)
NiS, CoS : . .
] Boil off HaS.
Aqua regia, heat : Add NaOH (6 M)
to dryness. Add and Hz03 (3%)
. NH40H(aq) : : 1
Solution
Co(NHz)s] " (aq) l
|t BT e Precipitate Filtrate
- | [Ni(NH3)s] " (aq) Mn(OH), [Zn(OH)4)%
) : . black (aq)
[ T I '

HCI  CH3COOH ° H2DMG ' | }J
NH4SCN, = KNOZ HNOs (6M) HaS
Acetone 1 1 NaBjOs(s)

1 l
Solution || Presipitate Presipitate Solution Presipitate |

[Co(SCN)s*|K3[Co(NO2)} | Ni(DMG); MnO7 (aq) ZaS
Bluecolour yellow Sca;_let red Purple white
Co(ll) Co(lD) Ni(”)‘ Mn(II)- Zn(lI;

6.9 ANALYSIS OF THE CATIONS OF

ANALYTICAL GROUP Vv

—~ . . - . . 2 2 2+
-he sclution after separation of Group IV cations contains Ba>*, Sr ", Ca”, Mg
and K", besides a very high concentration of NH salts. The solution is acidified

-with HCl and boiled to expel H,S. Ammonium salts can bie decomposed either by

strong heating or heating with concentrated HNO; at elevated temperatures.
C NHQIs) — 1THg) + HCI(g)
NH,NOs(s) — NH(g) + HNO,(g)
NH;(g) +‘H_N03(g) — NO(g) + 2H,0(1)

. The cationé of this group are precipitated as cal'b'onaics by addition of (NH,),CO,

from a NH,Cl ~ NH,OH buffered solution.
' Ba”'(aq) + CO; (ag) — BaCOs(s)
' ' Cza'2+(e1q) + CO;'_(aq)_ — CaCO4(s)
Sr'*(aq) + COT(aq) — SrCO.s)

Separation and Identification of the Cations of Analytical Group V

The sepa"ratien of the cations of this group is achieved by tuking advantage of the
analytically useful difference in the solubilities of chromatsas. Gaicium chromate is

_ soluble. Barium chromate can be precipitated. However, if the concentration of
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o>
tht_e concentration of CrOf' ions and allows only BaCrQ, to precipitate leaving Sr(li)
and Ca(II) in solution. Any possible coprecipitation of SrCrO, is further prevented
by precipitati_qn from hot solution. T

ioﬁs is high, SrCrQ, can coprecipitate. The presence of acetic acid decreases

s gy
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The carbonates of this g-oup are dissolved in acetic acid and banum chromate is Detectlon of the Cations-I1
precipitated by addition of K,CrO,,

BaCOs(s) + 2H'(ag) — Ba’*(aq) + H,0(1) + COy(g)
CaCOa(s) + 2H (aq) —» Ca "(ag) + H,O(1) + C02(g)
SrC03(s) +2H"(ag) — Sr° *(aq) + H,O(1) + CO,(g)
Ba (aq)+CrO4 (aq) — BaCrQ,(s)
2&04 (aq) +2H *(aq) — CrzO-, (aq) + H,0(1}

Even though the Ksp values of Sr80, and CaS0O, are also close to each other, only
. 8180, precipitates when (NH,),S0, is added to the solution. Possibly Ca(II) forms

soluble sulphato complex, [Ca(SO4)2] . So using a moderate concentrauon of SO4 ' ' :
ions, SrSO, can be precipitated leaving C32 in solution:

A P N X T e I e T T T2 E il T oo s

Sr° (aq) + SO4 (agq) — SrSO,(s) .

- Identification of Barium(ll)

"The presence of barium'in solution is conflrmed by the precipitation of yellow - - a T
_ BaCrO, on addition of potassium chromate. Strontium chromate may also

precipitate if the concetration of CrO4 ions is high enough. The presence of acetic
acid decreases the concentration of CrO4 ions so that SrCyO, does not precipitate.
The pH of the solution is-maintained at 7.0 by addition of ammonium acetate.

Ba’ “(aq) + CrO4 “(ag) — BaCrO,(s) -

Further confirmation may be done by converting barium chromate to banum
‘chloride by addition of hydrochloric acid and (1) performmg the flamne test or (i) by -
' precipitating white BaS™..

2BaCrO,(s) + 2H (aq) —~, 2Ba *(aq) + Cr20-, (aq) + HZO(I)
" Ba™(aq) + 504 “(aq) — BaSO4(s)
Barium imparts a grassy. green colour to the non- Iummous flame.

Detecuon of barium can also be done by spotting a drop of solution containing Ba
ions'on a filter paper and by adding a drop of sodium rhodizonate solution.
Appearance of a red-brown spot confirms the presence of barium. The colour
‘remains undffected even on addition of dl[lllf.‘. HCL.

N

O : o
. Oy ONa OO0

Ba(aq) + (aq) —— _Ba(s)+ 2Na (aq)
- - 07 > ~""ONa o” © |

1 0 O

A}

Identiﬁcation cf Strontimm(fl) ‘
Tite presence of sty L,nuum(II-) ions in solution ¥ : confirmed by the addmon of ?‘

saturated (NI¥,),S0, solviten; whan White bl'S(J4 } *ecipitates. Though the K,
vrl: res for £rSO, and - 1SO4 are very close to eazh other, Cao .4 does not

precipitate . )SSlbly e the for=1z Zon of calcate(TI) jon [Ca(SO4 ,,]
Sr (aq) 4 5‘04 (aq) — SrSO4(s)
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. The. prec1p1tatc of SrSO4 is converted to SrCO; by transpos:tlon with sod:um
" carbonate solution.

) SrSO4(s) + COy (aq) + 2Na+(aq) —_ SrCOs(s) + 2Na+(aq) + SOf’ (aq)
' Fmally perform flame test after convertmg Qrcoa to SrClz by addition of

hydrochloric acid.

. SrCO4(s) + 2H (aq) + 2Cl - S *(aq) +2Cl (aq) + COz(g) + H0Q) *

A red or scarlet colour is 1mparted to the flame. The colour is visible through s1ng1e
' cobalt blue glass, but'is not vxslble while seen through multilayers 8t blue glasses
(dlstmct:on from K"). '

Further conflrmauon can be done using neutral solution and spotung on a f1lter

. paper and adding a drop of sodium rhodizonate when a red-brown spot is obtdined,

Strontium rhodizonate is, however, soluble in dllule HCI (distinction from barium)
and lhe colour dlsappears on addition of dll HC]

Identlﬂcatlon ol‘Calcium(lI) : o '

The presence o. i calcium in soluuon is detected by precupllanng calcium oxalate from
neutral or slightly alkaline solution. The, precipitate is insoluble in acetic acid medium.
It, however, precipita‘es slowly and, theref~rz, the concentration of the acid should be

. su:tably dd_] usted by addmon of ammonium hydroxlde to enhance prec1p1tauon

Ca “(aq) + CQO-{ (aq) — CaG0,(s)
Perform flame test after mcsolvmg CaC204 in hydrochlonc acid. A brick-red colour

.is |mparlcd lo lhe flame.

'CaCZO.,(s) + 2H (aq) +2Cl (aq) — Ca’ (aq) + 2CI(aq) + 2H (aq) + C,_O,; (aq)

(_.onﬁrmution of Ba®*, Sr2+ and Caz* by Flame Tests

66

Chioridss of barium, strontium, calcium, sodium, potassium and some other metals,
when fed into a non-luminous Bunsen burner flame, impart a characteristic colour
to the flame. The colour of the tlame is then used to identify the metal chlonde fed
into the flame. This type of test is known as the flame test. -

When the chlorides-of above mentioned metals are fed into the flame, they are

- volatjlised and dissociated into metal an1 the chlorine atoms. The burner flame is

hat Lnough 1o promote electrons-in metal atoms to higher energy levels. As these

‘excited metal atoms move out of the hot rfglon of the flame, electrons drop back to

their ground state energy levels and energy is liberated. When the energy liberated -

-is emitted as visible light, the atom’s impart characleristic colours to the flame

because the differences between energy levels are very specific and correspond to
light of specmc wavelengths in'the visible region, The electronic transitions which

- take place during a flame test can be represented as shown in Fig. 6.1,

b __E2 _I___.Ez ’ ‘ Ez '
Sl absorption of " emission ‘ E = E2-E
, energy from of light = hv
. flame - euergy visible light
. - — . .
) B -l 5
| ‘Blectrenin - Electron in Electron in
ground state excited state ground state

Flg. 6.1: Electmnlc Transltlons in a Flame Test’ ‘
Flame tests are performed with a-piece of platinum wire sealed into the end of a

glass tubmg or stuck into a small cork. Flame tests are very sensitive, therefore, the

‘wire must be perfectly clean before a ﬂame test is performed. The end of lhe wire is

L e 4 ot oy serp ey & g
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.. thefleme (Fig. 6.2).

bentintoa small loop so that, when it is dlpped into a solution, a film of liquid Detection of the Cations-11
covers the loop. The burner flame is adjusted so that it is as hot as possible and"
there is a well defined blue cone with very little colour in the outer partofthe
flame. The wire loop is dipped in dilute HCI (6 M), brought slowly up to the outer’
edge of the blue cone, and held there until the loop is red hot. The hot loop is dipped
in dilute HCi again and the c-:eranon is repeated until the wire 1mparts no colour to

The clean wire is then d—1pped into the soluhon to be flame-tested and brought up to
the outer edge of the blue cone. The cations of Group V and Group zero 1mpart the
following colours to ﬂame

Ba_2+ apple-green
2% :

Sr** . crimson—fed
2 L
Ca”  brick-red
Na“ intense yellow . ' ‘ ‘ oo
. ) : Fig, 6.2 1 Performing a Flame Test
K" violet :

The separation and identification of the cations of Group V is summarised in
Flow Chart 6.8.
Flow Chart 6.8 ; Separatlon and Identification of Catlons of Group v

: Precipitate .
" BaC0g3, SrC03, CaCO3 o .
. White :

' CH;C(%OH (aq) |

| " Solution
' Baz+(nq). Srz"(aq). Caz*(aq)

KZCrO4 (&CJ)
__{ . -' ]
Precipitate ' : ' Solution
BaGiugellow | 7 - | a%g), Coteg)
""‘F"? o o . : -(NH4)§L04 (aq)
. . . . !
- . f_l . )
. Precipitate . l _ Filtrate
- SrS04 white ' Ca“*(aq)
.'Sr(I_I) _ ' (NHd)z(%th(aq') ‘
| Precipitate
CaC204
_ _ ) Ca (I
610 ANALYSIS OF THE CATION OF -
' ANALYTICAL GROUP VI : ' . .

' Magnesmm(ll) is the or.ly catzon ieft in solutiv:a u! '\ng wnth pe.tassivm and NH4 It

s, convement fo zn2.yse NH4 ang ‘X" jons prior .o the analysis of Group I cations.

B agriesium preclpi :sies from ammonical s solution: bx addition of diammonium or
. disodium hydrogen 1,.1osphate as whlse magnes:um nmon um phosphate,

: MSNH4PO4 bdgo

'
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- iy its characteristic odour (do not sniff the vapour directly)

Mg**(aq) + NHj(aq) + Poi'(aq) + 6H0(1) — MgNHPO,.6H,0(s)

The precipitate dissolves readlly in dilute HC1 -

. MgNH4P04 6H20(s) +2H (aq) = Mg (aq) + NI-L,(aq) + H2P04(aq) + GHZO(I)

Identlﬁcatlon of Cation of Group‘VI

Treat the solution containing magnesium ions with magneson-I reagent
(p-nitrobenzeneazoresorcinol) and sodium hydroxide. A blue solid lake containing
the adsorbed dye on the surface of Mg(OH), precipitate forms (the reagent is
orange-red in solution). Identification of magnesmm(ll) is. summarlsed in Flow
Chart 6.9. : -

- E‘Ibw Chart 6.9 ; Identification of Mg(ll) .

- Solu+lio_n
Mg*(aq)

(NH4)2PkPO4(aq) :
. NH1"OH '

Precipitate.
MgNH4PO4.6H20(s)
white’

. R
V HCI (6 M)
: Magneson-I
NaOH (6 M)

I .. ‘Blue lake ‘ |

-6.11 ANALYSIS OF THE CATIONS OF

ANALYTICAL GROUP. ZERO

The cations, Whlf"h are not preupltated as chlorides, hydrox:des, sulphldes
carbonztes ¢: phusphates comprise the members of this group, sometimes called the
‘soluble g.-up’. Sometimes the cations of this group are also referred to as ‘Zero

- Group’ cations, since it is advisable 1o identify these cations prior to the analysis of
*Group I cations. The members of this group include sodium, potassium, rubidium,

caesium and ammonium etc. I-Iere we will dlSCUSS the ldentxflcatlon of NHj and K
ions only. _
Solubility behéviour of NH; and K" salts is almbst similar because of'sirﬁilar jonic |
radii (K+ = 133pm, NH; = 143pm). For this reason removal of NH; ion before
detection of K" ion by precipitation is essential to avoid any possible interference.

Separation of these cations is not necessary since independent tests are available for
‘heir identification. It is, therefore, advisable to perform tests directly with the

original sample or its aqueous extract ralher than with the solution obtained after the
analysis of Group VI cations. : : ' :

. Identlﬁcatlon of‘ Ammonium ion (NH} ) -

Hcaung ammonium salts with a stronger base (OH™ mn) liberates amimonia Wthh
can be detected by the following tests: ‘ :

ii) dense white fumes with HC1




- NH:(i‘CI) + OH-(aq): NHj(aq) + H,0(1)
NHy(aq} == NHi(g)

i'i} the change in.clour of the moist red litmus to blue when exposed to NH,
" vapour.

iv) its reactionr with alkaline Nessler’s reagent which turns brown.

H{(aq) o -
Hg,NI(s) + 71 (aq) + 3NH,(ag)

4NH(g) + 2[Hgl*(aq)

v) formation of a yellow precipitate with sodlum hexamtmocoba]tate(lli)
Nas[Co(NO_)].

2NH4(aq) + Na3[Co(NO,)J(aq) — (NH,);Na[Co(NO,)}s) + 2Na"(aq)

Diammonium sodium hexamtntocobalte(lll)
In the following section, you will learn that potassium ions also gwe a yellow -~
precipitate with Na;[Co(NO,)].

Identification of Potassium (K*)

Potassium is detected in aqueous solution by addition of sodium
kexanitritocobaltate(1IT), Na,{Co(NO,);], when yellow coloured dlpotassmm

sodium hexamtrltocoballate(lll), KzNa[Co(Noz)ﬁ] precipitates:
2K'(aq) + 3Na'(aq) + [Co(NOz),s] *{aq) = K,Na[Co(NO,)s](s) + 2Na*(aq)

The presence of strong acid destroys the nitrite ion. Therefore, sodium nitrite(s)
should invariably be added to the reagent solution before performing this test.
Preferably use a freshly prepared reagent solution. Pres¢nce of oxidising agents and
QW ions changes the composition of the reagent and renders it- ineffective.

3N02(aq) +2H (aq) - 2NO(g) + NO3(aq) + H0(1)

It is convenient to perform the flame test using the yellow precipitate since the
precipitate concentrates K" ions. Potassium iong give a crimson-violet colour when
seen through multilayers of blue cobalt glasses. No other ion interferes even if the
test is performed Wlth the mixture of salts.

Identifi catlon o[‘Potess:um(K*) and Ammonium (NH3) Ions When Present .
' Together )

The presence of NH; ions can be detected by the distinctive reaction resulting in the

evolution 'of ammonia when heated with a strong base. [See test under 1dent1f1cat10n'

of NH; ion. ]

~ Since both the cations give yellow: prec1p|tales With Nas[Co(NO,)s], ammonium
salts must bé destre yea ¢ : sre testing for K ion in the solution. A convenient
method is to heat the »mmonium salis with concentrated nitric acid (5-10 drops) to
dryness, extracting hc_l:ﬂSJ.dJ.l.ﬂ_W.lth wate. and testmg for the absence of ammonium
ions with alkaline Nessler sTeagent.

H+(aq)

NH:(aq; + NO3(aq) N,0(g) + 2H,0(g)

* Once the absence ¢f ’\TH4 ior. is conflrmed in solutidn, K _iors can be detected with
Nag[Co(NOZ)ﬁ] Alterr. ot vely, a flame test may be done up*gg the mixture of sals.

Further con®rrzation £o- i7" iars may be obtamed by addmon of sodium
tetraphenylbor =n reagent, Na[B! Z¢Hs)s], v:en a white prempnate of po.assmm

tetraphenylboror is formed: -

K (aq) + I‘—TP""-"’ "‘51—15)4] — K[B(C5H5)4](s + Na (aq)

—

Kl

B
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6.2 SUMMARY "

RIS ) (T

In this unit you studied the scheme of qualitative analysis of the cations present in,
an inorganie mixture. You studied the separation of the cations into seven analytical
groups by 'selective precipitation, Selective precipitation is performed by the -
addition of the group reagenis in a‘sequential manner. You also leamt the

confirmatory tests for identification of various cations. The procedure for analysis

of the cations is given in Schemes 6.1 10 6.8 in the Appendix. -

613" FURTHER READING

ngel ‘s Qualitative Inorganic Analysis, G. Svehla, Orient Longmah, Sixth edition,
1987, . , ' :
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‘ Detectlon of the Cations-IY
APPENDIX y o
Sci:eme 6.1 : Separation of Cations Into Analyilcal Groups
- Take ongmal solution in a test tube, Add-dilute HCl dropw:se . with stirring. If a preéipitate forms,
allow it to settle. Add more acid and check if prempnanon is complete Filter.
Precipilate' Filtrate: , . ‘ L
(Group 1) Add 3% H,0, and warm in a water bath. Add enough dilute HCI to make the solution acidic.
PbCly, AgCl, Warm the solution and pass H;S. Allow the precipitate to settle and filter. Dilute the filtrate
HgCla. with distilled water (check with only a small portion and dilute 100 times, if no precipitate
Follow forms, there is no need to pass H,S) and pass H3S through the warm solution until precipitation
Scheme 6.2 for iz complete. Fslter ,
analysis of
. L‘;‘:.’;“:ual Precipitate: Fi]lmte'
100 (Group I) Acidify with dil. HC| and boil off HyS. Heat to near dryness. Add 5-10 drops

;ulp bid;g of - of concentrated HNO; and heat. Add 1 cm3 distilled water and remove any
g0, Po(I), sulphur that separates by filtration or centrifugation. Add NH,Cl and make

a((%)’g((gl))’ the solution basic by addition of dilute NH,OH dropwise. Add a few drops
As{V'): Sh ): of NH4OH in excess. Heat in a boiling water bath for 1-2 minutes. Filter.
Sbh(V) & Sn(IV) : :
Follow - precipitate:  Filtrate: '
Schemel6:3-6.5 (GroupIll)  Add1cm of dilute NH;OH and pass H;S. Warm on a
for analysis Fe(OH)a, water bath and allow to stand for 2-3 minates. Filter.
of individuai ACH);, . :
cations. Cr(OH)_:,':

Follow Precipitate; Filtrate:

Scheme 6.6 (Group I'V)  Acidify with'dilute HCl and boil off H,S.
Add 5-10 drops of concentrated !—INO~ and

heat to-dryness. Cool 2nd add 1 cm d..,hued
water. Add NH,Cl and amimonia (6M) till the
solution is basic. Add {INH 4)2CQ3, stir well

for analysis CoS, NiS,

of individual  zns, MnS.

cations. - Follow
Scheme 6.7

of
individual
catfons.

for analysis

and filter.
Preclpitate: Flltrate.
(Group V) Mg , K*, NHi. Refer

BaCOs3, S1C0s,
CaCO3. Follow
Scheme 6.8 for
analysis of
individual cations.

to :Sections 6.9 and ]
“6.10 for analysis of
these cations.
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Scheme 6.2 : Separation and Identification of Group [ Cations

To the solution of the cations add dropwisc and with stirring dilute HCI (0.2 Mj till no more
precipitate is formed, The precipitate may contain PbCly, AgCl, Hg,Cl,. Stir well and filter.
Add a drop.of HCI to check for complete precipitation. Wash the precipitate with cold water
containing a few drops of HCJ and discard the washings. Add boiling water to the precipitate
heat in a boiling water bath for S minutes with periodic stirring. Filter while hot,

Pré_clpitate: - . Filtrate: c .
White (AgCl, Hg,Cly). Thoroughly wash Colourless. Contains Pb°" jons.Lead chloride
with hot water. Treat with ammonia (aq). iy . ling. Divide ) ;
" Stirwell and filter, precipilates on cooling, Divide into three parts
: ‘ and perform confirmatory tests while hot.
initatas - G \ i) Add KyCrQ, solution-a yellow precipitate
Ef::ff&ffg‘: Elrater Contains 3£ PbCrO, solubie in NaOH solution. On

N . - acidification with acetic acid PbCrO,
confirmed. - into two parts. ii) Add Kl solution-a yellow precipitate of
i) »Acidify wilh dilute PLI2. The precipitate dissolves on boiling, On
HNOj till acidic to litmus  cooling deposits golden shining spangles,
paper—a white precipitate  iii)" Add dilule HySO,4~u white precipitate of
of AgCl. PbSO, .
ii) Add K,CrO,solution  Pb(II} confirmed
* —abrick red precipitate of
AgCrO,,
Ag(D) confirmed

‘Scheme 6.3 : Precipitation and Separation of the Cations of Group Il into Group I1A and

GroupIIB - ‘ ‘
The filtrate from Group1 may contain cations belonging to Group H to V1. Acidify with dil. HC

- (0.3 M). Add1 cm’ 3% H,0, and saturate with H,S. Dilute the filtrate and pass-H;S again to
. 2 2 E

ensure complete precipitation of Group II cations. Heat in a bojling water bath for 5 minutes to
coagulate the sulphides. Filter. The precipitate may consist of HgS, PbS, Bi,S;  Cus, Cds,

_ As;Ss Sb,S;, SbySy, SnS,. Wash the precipitate with water. Treat the washed precipitate with

ntinimum volume of yellow ammonium sulphide. Heat in a boiling water bath for 2-3 minutes
and filter. :

- Precipitate: ) . Filtrate:

May contain Hgs, PbS, Bi3Ss, -C"S' Cas. May contain thicanions, AsS, ", SbS-~
Group IIA present. Follow Scheme 6.4. yz- ' TR A
_ . Sn83 . Add dilute HC! 1ill just acidic and

warm pently. A yellow or orange precipitate,
which may containAs;Ss, SbyS;, , SbySs
and SnS,, indicates the presence of Group
1IB. Follow Scheme 6.5 .




Scheme 6.4 ; Separation and Identification of Group HIA Cation§ Detecuon of the Catlons-11

The precipitate may coatain HgS, PbS BizS3, CuS, CdS. Wash the precipitate with water. Treat the precnpnate wuth

* minimum amount of dilute HNQ3(3M) and heat in a water bah for 4-5 minutes. Fiiter.

Precipltate'
Black (HgS). Dissolve in aqua
regia ang evaporate to near

dryness. Add 1 cm3 of conc.
| HCl und heat again. Dilute and
divide into Ihree paris. .

i) Add a few drops of SpCls -
white precipitate turning gray.

i) Add Kl solution - an orange
precipitate of Hgl soluble in

excess of KI.

iif) Add copper wire - a silvery
white depcsit of mercury-on
the wire,

- Hg(il) cpﬁﬁrr_ned

Fullraie

May centain nitrates of Pb Bl ) Cu Cd . Add a few drops of cone,
H,80, and evaporate until a dense whne cloud of 80; is produced show;ng

that HNQj has decomposed. Cool and dilute with water. Filter. .

Precipitate:

White (PbSO,).
Dissolve the
precipitate in hot
ammonium acetate
containing aceatic
acid and divide
into two parts.

i) AddKoCrO, - 2
yellow precipitate
of PbCrOy,,

i) AddKI-a

yellow precipitate
of Pbly, soluble in
hot water. Golden
spangles on
cooling.

. Pb(ll) confirmed

Filtrate:

May contain B: , Cu Cd Add NH,CH dropwise

.till in slight excess. Filter,

Precipitate:
White (Bi(OH)3). Dw:de

the prec:pua!e into three
parts.

i) Add freshly prepared

_sodivm stannite solution

- a black deposil of Bi.

if) Dlssolve the
precipitate in dilute HC
and drop into water—a

hite precipitate of
BiOCI.

iii) Dissolve the
precipitate in acelic acid

- and add KI solution—a
* black precipitate of Bil;

dissolves in excess of KI
producing orange colour.

Bi(II1) confirmed

Filtrate; .

 Blue( [Cu(NH3)412+)-
" colourless ({Cd(NH3)4]2+-)

Divide into three parts.

i) Add acetic acid and

K 4[Fe{CN)s] solution - a
reddish brown precipitate of
CUz[FB(CN)G] ;

Cu(Il) present.

ii) Add Na;8;0,(s). Heal in

a water bath for 1-2 minutes .|

till all the blue colour of
copper is gone.Observe and
filter,

(a) brown red precipitate.
Cu(H) present.

(b) pass H;S through the
filtrate - a yellow
precipitate. Cd(II) present.

i) Acidify, with dilute HCI

and pass H,S. Filter,

" Pricipitate:

Filtrate:
Biack(CuS) May contain
. Cd(I), Dilute
Cu(lD) and pass H,S-
confirmed 5 yellow
preciptate,
Caqan
confirmed

UGCHE-L 6(15.")
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Scheme 6.5 ; Separation and Identification of Groub IIB Cations

concentrated HC) and filter. °

- The precipitate may contain AsgSs, SbS3, szss and SnS2, Wash wuh hot watcr, boil with

Prempntate‘ _' oo

qulow, may contain AsySs.

| Wash with hot water. Dissolve in minimum

amount (5 drops) of concentrated HNO; by
warmning. Dilute and divide the solution into’
lwo parls.

i) Add ammoma (aq) to neutralise H3AsO,.

MgNHAsOy, Dissolve the precipitate in

Add magnesia mixture—a white precnpuate of

Filtrate: _
: Colourless, may contain [SbCly] and
, .[SnCIslz-. Divide into two parts,

i) Add NH,4OH, oxalic acid and pass HyS-
an orange precipitate confirms Sb(lll).

if) Add Fe/Al wire. Filter and add a few -

drops of HgCl,—-a white precipitate tummg e

gray confirms Sn(l V).

— L

acetic acid and add AgNOj solution-a brown
red precipilate of AgzAsOy.

1i) Add ammonium molybdate solution and
warm—a yellow precipitate of

(NH,4 )3A504 12M003
| As(Vy conﬁrmed

Scheme 6.6 ; Analysis of Group ill Cations .
The prec1p1late may contam Fe(OH)3, Cr(OH)a. AI(OH)3 Wash it well wuh a little ammonia

solution {6 M). Tr=at the precxp:tale with 3 cm NaOH solution 2nd icm> 3% H303. Stir well
and allow the reaction to proceed till evolution of Oz ceases. Boil for 2 minutes in a water bath.
' “v"ac( the residue with a little distiHled water and filter;

ST

Preclpltate Filtrate:

 May contain Fe(OH) (3brown) May conlain lAl(OH),,(H-:O];] (colourless) and
" Dissol 0.5-1.0cm” dilut
Hﬁs&fﬁ.}:-,m ina \3;18, ;al:heand Cr04 (yellow). The soluuon, if yellow indicaltes th=
divide the solution into two parts. .  presence of Cr(IIl). Divide the solution into four parts
and perform tests for Al(1II) and Cr(JID).

i} To first part, add "-3 drops of

KSTN sal#ion—a clood red colour, Tests for Al (III) TE‘_S for Cr (111

if} To Se~ond part, add ~ne drop of 1) Add NH,CI (sYand i) Acidify with acetic
K4[F.,\\,N)5] solution - a Prussisn boil-a gelatinous white acid and add BaCly/

blue precipilate. . precipitate of Al(OH); Pb(CH3COO0); solutior.-a
_ reappears. yellow precipitate of
Fe(IID couﬁnned: BaCrO4/PbCrOy,

i) Acidify with dilute _
HCI. Add aluminon i) Acidify with HC, add

' , : reagent (or blue litmus - amyl alcohol (or ether) and
. soblution ), Add di‘ute

3
NH4CH (6M) frorr the 1-2cm” Hp0; (3%) and

side of the test tube—-a shake-~blue colour in
red/(blue) fodting lak=- . nen-aqueous layer.
g:e‘&g%s;;rptmn of dyn _ Cr (HI) confirmed
Al (I'I) confirmed
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Scheme 6.7 ; Analysis of Group IV Cations - - _ Detection of the Caitions-f1
The precip'trte may coritain CoS, NiS, ZnS, MnS, Wash the precipitate with HaS water ’
* containing *% NH4C). Treeat the precipitate with dilute HCL. Stit for a minute and filter,

Precipitate: ' o -Filtrate: =
May conlain NiS, CoS. Dissolve the precipitate  May contain MnClaand ZnCl,. Boit 1o expel
| in aqua regia, followed by heating to near H:S. Add 1 cm3 Hz 0, (3%), 1 cma NeOH
. bR 1]
dryness. Extract with 2cm” walter and make .Solution and warm in'n water bath for 2

basic by addition of dilute NH,OH solution (6 minutes, Dilutc with distilled watet and filter,
M). Divide the solution inlo four patis and ' :

perform tests for Co(ll) and Ni(l1).

Test for Cobalt{lI)  Test for Nickel (D) Preclpitate; Filtrate: ' . - !
) Addaceticatidand  iv) Add 1% alcoholic *MnO,xH,0 (brown). (Za(OH)™
KNO,(s). Waitfor  solution of dimethyl  Dissolve the eoloureas]). Divide
1-2 minutes—a glyoxime-scarlet red precipitate indilute into two paris,
goldeq yellow precipitate. nitricjacid and add " } ‘
precipitate, " lem’H 0, (3%). i) Pass H;S throu, ' _ |
i) Acidify with NI(TI) confirmed Warm ina water g’alh the solution-a dirty : ’
concentrated HC) (if L ' fordz g:iil:r"eBs: c‘(”)l white precipitate. -
lis addedin great . - - ancaddNaBiOss)or .\ e
cxcese. he somp . PoOjs).Stirand ) Acidily with acetlc
may lurn blue due o . allow the solid to K [Fe{CN), 1
the formation of * settle-purple/pink luti 6l "
- . colour in aqueous solution-a grayis
[CoCly)™ ) 1ill just layer,- . white precipitate
acidic, Add 0.5 g : - soluble in NaOH
-NaF(s). Sl(ir apdadd ' : solui, 2. .
SCN (s )and . : , : .
:l:; alcohol. Shake. - Ma(ll) confirmed Za(l) confirmed
Blue-green colour in : . '
amy) alcohol layer.
iii) Add
1-nitroso-2-naphthol
reagen! solution-an , , :
orange red precipitate ' , T
extractable in ‘ . - -
CCly/CHCLy, . _ : _
unafiected by : o
addition of HCI
(12M).

Co(I) confirmed
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'Scheme 6.3 : Analysts of Group V Cations , ,
The precipitate may contain BaCO;, SrCQ,, CaCO, D:ssolve it in minimum volume (1-cm ) of

h -

3
dilute acetic acid. Add KOO, solution and 0.5 to 1 cm ammonium acctate. (Excess K,Cr0O,

~will wuse SrCrO4 to precnpltate ) Stir and filter.

Pmipltate H
BaQ’O4 (yellow). Dissolve in

0.5 cm of concentrated HCIL.

i) Perform ﬂame lest-green ‘
or yellow green flame.

ii)Dilute with water and place
one drop on a strip of
‘Whatman filter paper No. 1’
énd add sodium rhodizonale.

reageni-red o brown spot.

Ba(ll) confirmed

Fﬂtrale.

Sr (aq). Ca (aq), Y0, (aq) Concentrate the solution to 1

cm and add saturated solution of (NH,),SO;. Heat in a
boiling waler bath with stirring. Cool and filter.

Pmnpllale :

. NH,OH. Boil lo expel NH;.

Flitrate

Ca”*(aq): Make basic with .
NH40H and add (NH4)2C204
soluticn. Stir wgorously for 1
minule~-a white prec:pxlate of
CaCy0,,

Dissolve it in 0.5 cm HCI-
(12 M) and perform flame
test-brick red colour is -
imparted to the flame.

SrS0, (white}, Wash the
precipiiale with water
containing { NH,4 );S0,,

Dissolve it in 0.5 cm3 of . .
concentrated HCI.

i) Perform flame test-crimson’
red colour. .

ii) Dilute with water and add CaQll) confirmed’
Place.a drop of neutral

solution on a strip of filter

paper. Add spdium:

. rhodizonate reagent-red

brown spot, disappears on
addition of dilute HC].

Sr{l) confirmed
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