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Ii,>", VOLUMETRIC ANALYSIS 

Volumetric <lnalysisj§JLIll~thod oLquantitative anal}'Sis_~lt ... _chemically equivalent is termed equivalence--.point -OI'---~~ 
involves the measurement of the volume of a known solution stoichiometric end point or simply end point. 
required to bring about the completion of the reaction with a (vi) Indicator: It is the auxiliary substance used for 
measured volume of the unknown solution whose concentration physical (visual) detection of the completion of titration or 
or strength is to be determined. By knowing the volume of the detection of end point is termed as indicator. Indicators show 
known solution, the concentration of the solution lllHlcr change in colour or turbidity at the stage of completion of 
investigation can be calculated. Volumetric analysis is also titration. 
termed as titrimetric analysis. 

14.1 IMPORTANT TERMED USED IN 
VOLUMETRIC ANAL YSrS 

(i) Titration: The process of addition of the known solution 
from the burette to the measurcd volume of solution of the 
substance to be estimated until the reaction between the two is 
just complete, is termed as titration. Thus, a titration involves 
two solutions: 

. (a) Unknown solution and lb) Known solution or standard 
solution. 

(ii) Titrant: The reagent or substance whose solution is 
employed to estimate the concentration of unknown solution is 
termed titrant. There are two types of reagents or titrants: 

(a) Primary titrants: These reagents can be accurately 
weighed and their solutions are not to be standardised before use. 
Oxalic acid, potassium dichromate, silver nitrate, copper 
sulphate, ferrous ammonium sulphate, sodium thiosulphates, etc., 
are the examples of primary titrants. 

(b) Secondary titral1ts: These reagents cannot accurately 
weighed and their solutions are to be standardised before use. 
Sodium hydroxide, potassium hydroxide, hydrochloric acid, 

: sulphuric acid, iodine, potassium permanganate, etc., are the 
. ~xamples of secondary titrants. . 

(iii) Standard solution: The solution of exactly known 
concentration of the titrant is called the standard solution. 

(iv) Titrate: The solution consisting the substance to be 
estimated is termed unknown solution. The substance is termed 
titrate. 

(v) Equivalence point: Th~ point at which the reagent 
(titrant) and the substance (titrate) under investigation are 

14.2 CONCENTRATION REPRESENTATION 
OF SOLUTION 

I. Concentration Representation in Physical Units 

(a) Strength of solution: Number of grams of solute 
dissolved per litre of solution is called strength of solution. 

(b) Parts Per Million (ppm): Number of grams of solute 
dissolved per 106 grams of solvent is called concentration of 
solution in the unit of Parts Per Million (ppm). This unit is used to 
represent. hardness of water and concentration of very dilute 
solutions. 

(c) Percentage by mass: Number of grams of solute 
dissolved per 100 grams of solution is called percentage by mass. 

(d) Percentage by volume: N lm1b,~r of miJlilitres of solute 
per \00 mL of solution jo; calkd p~rc,:nt;lgc by volume. 

For example, if 25 mL ethyl alcohol is diluted with water to 
make 100 mL solution then the solution thus ublaincd is 25% 
ethyl alcohol by volume. 

(e) Percentage mass by volume: :<llll1bcr 0(. grams of 
solute present per 100 mL of solutiull is calkod l'('rcentage mass 
by volume. 

For example, let 15 g glucose i:; liiso;olved in water to make 
100 mL solution then the solution is 25% glucose mass by 
volume. 

2. Concentration.Representation in Chemical Units 

(a) Normality: Number of gram equivalents of solute 
dissolved per litre of solution is calIed the normality of the 
solution. It is denoted by N and it can be calculated as, 

x 1000 
N=--=.---

E8 xV 
... (i) 



. , .. :.: .... -.' 

VOLUMETRIC ANALYSIS 901 

where, W B = mass of solute in grams 

E B = gram equivalent mass of solute 

v = volume of solution in mL 

Another relation for calculation of normality is 

N=xxdxlO 

EB 

where, d = density of solution is g/mL 

x = percentage by mass of solute 

... (ii) 

Symbol Normality i . Pbysical significance 
.------r-- --------

WB X 1000 
m=----"'----

mB xWA 

where, W B = mass of solute in grams 

mB = gram molecular mass of solute 

--- ;-;':l,~ of solvent in grams 

Principle of Volumetric Analysis 

Volumetric analysis is based on the principle of equivalence. 
According to this principle, substances combine together in the 
ratio of their equivalent masses. 

Let x g ofa compound 'A' completely react with yg of another 
compound 'B'. 

Then, 
x 

_-___ 01.N!..!.-_____ 'Normal solution, 
i.e., Normality = I -

i I g...equivalent of solut~ ___ _ 
~per litre of solution 

Equivalent mass of 'A' 

Equivalent mass of 'B' y 

( .. ) N 
11 0.1 Nor- -Decinormal solution, 

i.e., Normality = 0.1 
fO.1 g equivalent of sol
-ute per litre of solution 10 

(iii) 0.01 Nor~ Centinormal solution; :0.01 g equivalent of 
i.e., Normality = 0.0 I :solute per litre of solu

:tion 

100 

(iv\ 0.001 Nor~Miliinormal solution, :0.001 g equivalent of 
1000 :i.e., Normality.= 0.001 !solute per htre of solu

'tion 
N 

(v)0.5Nor-
2 

.Seminormal solution, 
i.e., Normality = 0.5 

;0.5 g equivalent of sol
'ute per litre of solution 

----------- .'-

Note: Ifnormality-ofa solution is given then number of equivalents of 
solute in a definite volume of solution may be calculated easily. 

Number of equivalents of solute = N x V 
1000 

where, V = volume of solution in mL. 

(b) Molarity: Number of moles of solute dissolved per litre 
of solution is called molarity. It is denoted by 'M'. It may be 
calculated using the following relations: 

M= WB xlOOO ... (i) 
- mB xV 

or 

where, W B = mass of solute in grams 

mB = gram molecular mass of solute' 

x = percentage by mass of solute 

d = density of solution in g mL-1 

... (ii) 

In the problems of volumetric analysis, concept of molarity is 
very useful. Let llS c<?nsider an equation of the following type : 

nlA +n2B ~mIC+m2D 
Let molar of A and Bare M 1 and M 2 respectively, then 

M1V1 (A)= M 2V2 (B) 
n l n2 

(c) Molality: Number Of moles of solute dissolved per 
1000 g (per kg) of solvent is called molality of solution. It is 
denoted by om'. It can be calculated as, 

x y 

Equivalent mass of 'A' Equivalent mass of 'B' 

Number of gram equivalents of 'A' = Number of gram 
equivalents of 'B' 

Thus, one gram equivalent of a substance 'A' completely 
reacts with one gram equivalent of another "ubstance ' B'. 

According to the prinCiple of equivalence, 
Number of gram equivalents of A 

= No. of gram equivalents of B 

. NA xVA Number of gram equivalents of A = --'''----''''-
1000 

where,VA = volume of A in mL 

Number of gram equivalents of B = NB X Vn ; 
1000 

where, VB = volume of B in mL 

NB xVn 
1000 

NA x~ =NB xVn 
- The above equation is called normality equation and it is very 

useful in numerical calculations ofvolumetric analysis . 

14~3 CLASSIFICATION OF REACTIONS 
INVOLVED IN VOLUMETRIC ANALYSIS 

1. Neutralisation Reactions 

The reaction in which acids and bases react to form salt is 
called neutralisation. 
e.g., Hel + NaOH ~ NaCl + H20 

H(acid) + OH(base) ~ H2 ° (feebly ionised) 

The titration based on neutralisation is called acidimetry or 
alkalimetry. 

2. Oxidation-Reduction Reactions 

The reactions involving simultaneous loss and gain of 
electrons among the reacting species are called 
oxidation-reduction or redox reactions, e.g., let us consider 
oxidation of ferrous sulphate (Fe 2+ ion) by potassium 
permanganate (Mn04 ion) in acidic medium. 

I 
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MnO;j +8H+ +5e- ~Mn2+ +4H20 (Gainofelectrons 

or reduction) 
5x [Fe 2+ ~ Fe 3+ + e - ] (Loss of electrons 

or oxidation) 

In the given reaction, MnO; acts as oxidising agent and 

acts as reducing agent. . 
The titrations involving redox reactions are called redox 

titrations. These titrations are also called according to the reagent 
used in the titration, e.g., iodometric, iodimetric, cen-etric, 
permanganometric and dichromometric titrations. 

3. Precipitation Reaction, 

AgN03 + NaCI ~ AgCI + N~03 
(White precipitate) 

The titrations involving precipitation reactions are called 
precipitation titrations. 

4. Complex Formation Reactions 

These are ion combination reactions in which a soluble 
,slightly dissociated complex ion or compound is formed. 
Complex compounds retain their identity in the solution and have 
the properties of the constituent ions and molecules. 

e.g., CuS04 +4NH3 ~[CU(NH3)4]S04 
(Complex compound) 

AgN03 + 2KCN ~ K[Ag(CN)2] + KN03 
(Complex compound) 

2CuS04 + K4 [Fe(CN)6] ~ Cu 2[Fe(CN)d + 2K2S04 
(Complex compound) 

, The titrations involving complex formation reactions are called 
complexometric titrations. 

, , 

14.4 CALCULATION OF EQUIVALENT MASS 
OF DIFFERENT SUBSTANCES 

The equivalent mass of a substance is defined as the number of 
parts by mass of it which combine with or displace 1.0078 parts 
by mass of hydrogen, 8 parts by mass of oxygen and 35.5 parts by 
mass of chlorine. .. 

The equivalent mass of a substance expressed in grams is 
called gram equivalent mass. 

The equivalent mass of a substance is not constant. It depends 
upon the reaction in which the substance is participating. A 
compound may have different equivalent mass in different 
chemical reactions and under different experimental conditions. 

(A) Equivalent Mass of an Acid , ' 

It is the mass of an acid in grams which contains 1.0078 g of 

replaceable H+ ions or it is the mass of acid which contains one 
mole of replaceable H+ ions. It may be calculated as: 

E . If' 'd Molecular mass of acid qUiva ent mass 0 act :;: ~--------
, Basicity of acid 

Basicity of acid number of replaceable hydrogen atoms 
present in one molecule of acid 

Acid Basicity M~lei:ular mass Equivalent mass 

63 

HCI 36.5 

60 

J hh 

2 98 

COOH 
1 ·2H20 2 126 
COOH 

2 82 

Note: .Phosphoric acid may act as monobasic Dr dibasic or trib~sic acid, 
e.g., . 
(i) H3P04 + NaOH ~ NaH2P04 + H20 

Here, phosphoric acid iicts as tnonobasic acid. 
. ' Molecular mass 98 

.. EqUIvalent mass ofH3P04 = , . = - = 98 
BaSICIty I 

(ii) H3P04 + 2NaOH ~ Na2HP04 + 2H20 

Here, Basicity ofH3P04 2 
. Molecular mass 

EqUivalent mass of H3PO 4 = . . 
BasICity 

= 98::= 49 
2 

(iii) H3P04 + 3NaOH ~ Na3P04 + 3H20 

Here, Basicity of H3PO 4 = 3 
. Molecular mass 

EqUivalent mass ofH3P04 = . , 

(B) Equivalent Mass of a Base 

BaSICIty 

= 98 = 32.66 
3 

It is the mass of the base which contains one mole of 
replaceable OH- ions in a molecule. 

E . al fb Molecular mass of base 
qlllV ent mass 0 ase::::. ---------

Acidity of the base 

Acidity of base = Number of replaceable OH- ions 

present in one molecule of the base 
or, 

It is the mass of a base which completely reacts with one gram 
equivalent mass of an acid, 
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e.g., Ca(OH)2 +2HCI~CaCI2 +2H20 
74g 73g 

2 g equivalent of HCI 

2 gram equivalent ofHCI reacts with 74 g Ca(OHh 
.. 1 gram equivalent of HCI will react with 37 g Ca(OHlz 

Thus, equivalent mass ofCa(OH}z ::: 37 

Base Acidity Mol~ular mass Equivalent mass 

NaOH I ' 40 40/1 =40 

1\OH I 56 56/1 = 56 

Ca(OHh 2 74 74/2 = 37 

NH40H . I 35 35/1 35 

which can be used for oxidation) is called the equivalent mass of 
oxidising agent. 

Examples: 
(i) K2Cr207 + 4HzS04 ~ K 2S04 + Cr2(S04h 

294.2g 

+4H20+ 3[0] 
3 x 16g 
=48g 

Equivalent mass of K2 Cr2 07 = 2~~2 x 8 49.03 

(ii) Equivalent mass of KMn04 : Potassium permanganate 

, is' a powerful.oxidising agent in acid; base and in neutral medium. 
(1) Acid medium: 
2KMn04+3H2S04 ~ K 2S04+ 2MnS04 +3H20+ 5[0] 

(C) Equivalent Mass of Salt 2 x 158 g 5 x 16 g 

~~~-~~~Let~~~id~r !lsaltof ..yea~ acid (H2e0
3

) and strong baSe'-'~-{}-g~oxygen~ed-by-3l6-g-KMne4-~~"""'~ 
(NaOH). This salt undergoes hydrolysis in water to form basic .' . :.8 g oxygen lsfuntlshed by 31.6 g KMnO,i~~~ ~~----
solution. i. e. ,equivalent mass of KMn04 in acidic medium is 31.6. 

Na
2
C0

3 
+ 2H20~ H2C0

3 
+ 2Na + + 20Ir (2) Neutral medium: 

Such salts react with mineral acids like HCI 

Na2C03" +2HCI~"2NaCI.+.H20.+C02~"" 

In the above, reaction one mole of Na2C03 reacts with 2 
equivalents ofHCI ' 

E . I fN CO Molecular mass of Na2C03 
.. qUlva ent mass 0 a2 3 :::--------=--=-

:::: 106:::: 53 
2 

2 

Thus, mass of the salt which reacts with one gram equivalent of 
acid or base is called its equivalent mass, e.g., 

(i) NH4CI + NaOH ~ NH3 + NaCI + H20 
1 mol I g eqUivalent 

E . I fNHCI _M_o_lec_ul_ar_m_as_s_m_NH_~4C_1 qUiva ent mass 0 4 = 
1 

(ii) AgN03 + HCI ~ AgCl + HN03 
I mol . 1 g equivalent 

E . I' fA NO Molecular mass of AgN03 qUiva ent mass 0 g 3 = ---------.:=----=-
1 

Alternatively, 

E 
. I t f I Molecular mass of salt 

qUlva en mass 0 sa t = ~----------:---
Total positive or negative'valency 

Salt Valency Equivalent mass 

NaCI molecular mass/l 

CaCl2 2 molecular mass/2 

Ca3(P04h 6 molecular mass/6 

AICl3 3 molecular massl3 

(D) Equivalent Mass of an Oxidising Agent 

(a) Available oxygen concept: The mass of oxidising 
agent which contains 8 g of available oxygen (i. e., the oxygen 

2KMn04 + H20~ 2Mn02 + 2KOH+ 3[0] 
2x158g '316 3x16g 

Equivalent mass of KMn04 ':= -' - x8= 52.66 
48 . 

(3) Alkaline medium: 

2KMn04 + 2KOH ~ 2K2Mn04 + H20 + [0] 

2x IS8gKMn04 =16g'0' 

EquivalentmassofKMn04 = 316 x8 158 
16 

(b) Electrop concept: 
Equivalent mass of oxidising agent . ' 

Molecular mass of oxidising agent 

Number of electrons gained by one molecule 

Examples:' (i) Equivalent mass of potassium dichromate:' 

Cr20~- + 14H+ + 6e-~ 2Cr 3+ + 7H20 

. ' . Molecular mass 294 
EqUIvalent mass ofK2Cr20 7 == = ~:= 49 

6 6 

(ii) Equivalent mass ofKMn04 in acid medium: 

MnO:; +8H+ +5e- ~Mn2+ +4H20 

. Molecular mass 158 
EqUIvalent mass of KMn04 = '= = 31.6 

, 5 5· 

Similarly, equivalent mass of KMn04 in neutral and alkalin.e 
medium can be calculated. 

MoO:; + e-~ MnO~- (Neun:al medium) 

MnO:; + 2H20 + 3e-~ Ml\Oz + 40W (Alkaline medium) 

(c) Oxidation number,concept: 
Equivalent mass of oxidising agent 

_ Molecular mass of oxidising agent 

Total change in oxidation number 
. per molecule of oxidising agent 
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Examples: 
(i) Equivalent mass ofK2Cr207: 

+2 +12 14 +6 6 

K2 Cr z 07 + 4HzS04 -? K 2S04 + Cr 2 (S04 h + 4H20+ 3[0] 

. Change in oxidation number of chromium = 12 ~ 6 = 6 

. . Molecular mass 294 
EqUivaientmassofK2Cr207 = 6 =6=49 

(ii) Equivalent mass ofKMn04 in acid medium: 

+1 +7 - 8 + 2 -2 
2KMn 04 + 3H2S04.----7 K 2S04 + 2Mn S04 + 3HzO + 5[0] 

Change in oxidation number of manganese =: 7 - 2 = 5 
. Equivalent mass of KMn04 

Molecular mass 

(c) Oxidation number concept: 

E 
. I . Molecular mass 

qUiva ent mass = =---::--:------,---:-:--:----::--
. Total change in oxidation number 

of the oxidised element per molecule 

The oxidation number of iron in ferrous salt is +2 while the 
oxidation num'ber of iron in ferric salt is +3. The change in 
oxidation number per atom of iron is 1, i. e. , one unit. 
:. Equivalent mass of ferrous ammonium sulphate 

= Molecular mass :=: 392 == 392 
I 1 

:: ::::I_SOME SOLVED EXAMPLES\I:::.:::', 
Example 1. Whe.1l hydrogen gas was passed over 8.08g of 

heated metal oxide, it was completely reduced alld 1.8 g of water 

___ .... __ ... _~ .... ____ .... ~5 __ ~ __ ... _. 

(E) Equival~nt Mass of a Reducing Agent 

·-------:Tar-wnat IS weIgh/of oxygen Tiitnemetal 6xIifeT-----. - .... -

(b) Wh(ll is the equivalent mass of the metal? 

(a) Available oxygen concept: The amount of reducing 
agent in gram which reacts with 8 g of available oxygen is called 
gram equivalent mass of reducing agent. 

Examples: 
(i) Oxalic acid: 

COOH 

I ·2H20+[0]----72C02 +3H20 
COOH 

I mol (126 g) 
16g 

Equivalent mass of oxalic acid = 126 x 8 =: 63 
16 

(ii) Ferrous sulphate: 

2FeS04 + H2S04 + [0]----7 Fe2(S04h + H20 
2 mol (2x152gl 16g 

. 2 x 152 
EqUivalent mass of ferrous sulphate =: ----- x 8 152 

16 

Similarly, equivalent mass of Mohr salt can be determined. 

2 mol FeS04(NH4)2 S04' 6HzO= 1 gram atom of oxygen 

. W2x2x8 
.',Equlvalent mass of Mohr salt = =: 392 

16 

(b) Electron loss concept: 
Equivalent mass of a reducing agent 

Molecular mass 
=-------~--------

Number of electrons lost by one molecule 

Example: Ferrous ammonium sulphate (Mohr salt). 
Oxidation of Mohr salt involves the following ionic reaction: 

Fe 2+ ----7 Fe3+ + e-

Equivalent mass Molecular mass 

Solution: (a) When hot metal oxide is treated with 
hydrogen, 1.8 g water is formed. 

18 g H20 contains 16 g oxygen. 
Thus; 1.8 g H20 will-contain 1.6-goxygen: 
(b) Equivalent mass may be defined as weight of the metal 

that combines with 8 parts of oxygen to form its oxide. 
Mass of metal in its oxide = 8.08 - 1.6 

= 6.48 g 
.,' 1.6 g oxygen combines with 6.48 g of metal 

:.8 g oxygen will combine with = 6.48 x 8 g of metal 
. 1.6 

32.4 g 
Thus, equivalent mass of metal = 32.4 

Example 2. SOz is oxidised to SOJ- ill acid medium, 

Calculate equivalent mass 0(S02' 
1-4 +2 ';-6-8 

Solution: S02(g)+ 2H20----7 Hz S04 + 2H' + 2e-

Change in oxidation nurilber of sulphur == 6 4 == 2 

, Molecular mass 64 
EqUivalent mass of S02 = = = 32 

2 2 

Example 3~ What is the equivalent mass of" 
(a) H 3P04 when neutralised to HPOJ-

(b) HCl0
4 

(c) Nal03 when reduced to r 
(d) NaIO) when reduced to 12 
(e) AI(OHh, 
Solution: (a) Molecular mass of H3P04 == (3 + 31 + 64) 

== 98 g. H3P04 w.hen neutralised to HPO~-, two H+ ions have 

been replaced. 
Mol. mass 

Thus, eq. mass = ------------------
No. of replaceable hydrogen atoms 
98 
2 49.0g 
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(b) HCI04 molecule contains one replaceable hydrogen atom. 

Th Mol. mass. = 100.5 '" 100.5 us, eq. mass 
I I 

(c) 

Oxidation no. +5 -I 

Change in oxidation number 6 

Mol. mass of NaI03 ::: (23+ 127 + 48)::: 198 g 

Mol. mass 198 
Eq. mass of NaIO} ::: ::::: - 33.0 

. Change in 0. N. 6 

E . I (E) Molecular mass . . qUiva ent mass 1 = -------'-'-
2 

+3 +3 -6 ":3 +3 

H3 P03 ~ PH) 

Change in oxidation number of' P' =: + 3 (-3) + 6 
. Molecular mass 

EquI\cllent mass (E, ) = -------=--
- 6 

Cl',(;ral! equivalent mass EI + E2 
M M 4M 2M' 

=-+ = 
2 6 6 3 

(d) H-C===.C H + 2Na ~ NaC=CNa + Hz 

Basicity of acetylene = 2 . 

E . I (' E) Molecular mass (M) 
NaIO, ~I2 .. . qUlva ent mass 2 

Oxidation no. +5 0 . . .... .. . '. __ .... __ ~ 

(d) 

... ~-~--.---.--- changei;~oxidation ~umber--5-~-~~------~-.----r;xampleo..-~lJetermine-tfie-number o} g equivalerits C?f 
--... -~. - .... ----..... ···--198····--:~· ~ .. ----- so!utiT7n(iiJTmfmL0j5N Het (b) 25ffiiiI:(jfO.1N Na

2
C0

3
• 

Eq. mass of NaI03 ::: 5 39.6 Solution: We know tha~ 

(c) The acidity of AI(OHh is 3. 

Mol. mass 78 
Eq. mass of AI(OH) = = = 26.0 g 

. 3 Acidity 3 

Example 4, Calculate the number of mil/;moles and 
~i!liequimlljJ1lS o(O'lOi- ions in acid medium when 100mL of 

.;(\ I M C'/'20~- is reduced to Cr3+ by 

Solution: Cr10~- + 14W + 6e-~ 2Cr3
+ + 7H20 

I-mol 611101 

Number ofmillimoles M x V = aOI x 100 I 
Number of milliequivalents = N x V = 0.06 xl 00 = 6 

Example 5, Give the relatioll between molecular mass 
(M) IIlId equivalellt mass (E) of the ullderlined species in the 
fh/l(lll'illg reactions: 

(0) H3P04, +Ca(OH)2 ~CaHP04+2HP 

(h) +;\/110; ~AlI12+ +0, +H20 

(e) 4H"FO, ~ 3Hl POJ, + PH 3 

(d) HC===.CH+2Na~NaC=CNa+H2 

Solution: (a) H,lPOJ, + Ca(OH)2 

Basicity of H 3 PO" = 2 

(b) 

Molecular mass 

2 

Change in oxidation number ofH20 2 2 
." . Molecular mass (M) 

.. EqUivalent mass ot H?O, (E) = -------.:.--=-
- - 2 

t 3 + 3 -6 +3 +5 -8 
(c) H3 P03 ~H3 P04 

Change in oxidation number of 'P' = 2 

Number of gequivalents Normality x Vol. of solution (litres) 

(a) Number of g equivalents of HCl = 5 x 100 = 0.5 , •. ~-
.' 1000. 

(b) Number of g equivalents of N a;1 CO, 0.1 x 250 
1000 

. = 0.025 

Example 7, What volumes ofl2 N HCl and 3 N HCI must 
be mixed toform one litre 6N HCl? 

Solution: Let x mL of 12 N HCI and y mL of 3 N HCl be 

mixed to form one Iiire 6 N HC!. ' 

So, . x+ Y 1000 ... (i) 
Applying the formula NI VI + N 2V2 N 3V3' 

NI = 12 NYl x, N 2 = 3 N, V1 = y, N 3 =: 6NY3 1000 

So, l2x+3y=6x1000 ... (ii) 

Putting the value of y =(\ 000 x) from eq. (i) in eq. (ii), 

12x ,j- 3(1000.,. x) =: 6000 . 

or 12'(-'1'(+ 3000 6000 

or 

So, 

9x 3000 

30()O '33' L x= =.) • .)111 
9 

Y (1000 x)= (1000 333.3) 666.7mL 

i.e, ,333.3 mL 12 NHCl and 666.7 mL 3 NHCl are mixed. 

Example 8, (a) What is the normality of a 96 per cent 
solution of H 2 SO 4 of specific gravity \.84? 

(b) How many mL of 96 per cent sulphuric acid solutiolJ is 
necessalY to prepare one litre 0.1 N H 2S04 ? 

(c) 10 what voilime should lOmL of 96 per cent H 2S04 be 
diluted to prepare 2 N solution? ' 

Solution: Mass of I litre of Hz S04 solution 

= Vol. x Density 
1000 x 1.84 = 1840 g 

Mass of H 2S04 present in one litre 96% H2S04 solution 
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96 . 
::: - X 1840= 1766.4 g 

100 

Strength of H2S04 solution = 1766.4 gil 

(a) Normality = Strength = 1766.4 36.05 it 
Eq.mass 49 

(b) Let the volume taken be VI mL 

Applying N\V! = N iV2 

N 
NI 36.05N, VI =?, N2 10' V2 

So, 

1 
36.05 X VI = - x 1000 
. 10 

1000 
V1.=---- mL 

1000mL 

_ i.e., 2.77 rriCofH2 S04 is diluted toone htre. 

(c) NBVB NAVA 
Before dilution After dilution 

lOx 36.05=VA x2 

VA = 180.25 inL 

i. e., 10 mL of given H 2S04 is diluted to 180.25 mL. 

EJample 9. 250 mL of x M solution and 500 mL of y M 
solution of a solute A are mixed and diluted to 2 litre to produce a. 
final concentration of 1.6 M. . 

If x: y::: 5 : 4, calculate x and y. 

Solution: We know that, 

M j V1 +M2~2 =MR (VI +V2 ) 

X x 250 + y x 500= 1.6 (2000) 

~+2y=1.6x8 

x+2y 12.8 

~+2 
y 

12.8 

y 

.2. + 2= 12.8 
4 y 

13 12~8' 
-= 
4 Y 

y 
12.8x 4 

13 

Similarly, x 4.92 

3.94 

Example 10. 268 x 10-3 mol of a solution containing an 

. ion A n+ required 1.6 x 10-3 mol ofMnO;' for oxidation of A n+ to 

AO}" ion in acid medium. What is the value ofn? 

Solution: A n
+ is oxidised·to AO; . 

Change in oxidation number 5(in AO; ) - n(in A 11+ ) 

5 n ... (i) 
2.68 x 10-3 mol of A n+ ion react with 1.6 x 10-3 mol of MnO; 
ions 

I f n+' '11 . h 1.6 X 10-
3 

I fM 0- . :.1 mo 0 A Ion WI react Wit mo 0 n 4 Ions 
2.68x 

0.579 mol of MnO:; ions 
+7 +2 

2KMn 04 + 3H2 S04 ---t K 2S04 + 2Mn S04 + 3H20+ 5[0] 

Number of equivalents of MnO; used in oxidation of A n+ to 
AO") 0.597 x 5 = 2.985'" 3 

Thus, from equation (i), 5 - n = 3 

n=2 

l. 

2. 

3. 

4. 

OFOB)ECTIYE QUEmONS 

An 'element X having equivalent mass E forms a general 
oxide X mOil' its atomic mass should be: 

(a) 2En (b) 2mEn (c) E (d) ME 
'm_ ··_m~~· __ mm.mm ..... m ... _._m._ .. _ .. _.mmm .. mnmm.-.~m_ .. __ "--znm._ .. _m. 

[AilS. (a)] ------------~ ............. -_. 

. [Hint: Amount of X that combines with 8 g of oxygen, 

i.e., 
E m X Atomic inass 

nx2 

A
, . . 2En] 

. tomlC mass =~. -
m 

In the reaction, 

FeS2 + KMn04 + H+ ---t Fe3+ + S02 + Mn2
+ + H20 

the equivalent mass of FeS2 would be equal to: 
molar mass 

(a) molar mass (b)' 
10 

(c) molar mass 
II 

[Ans. (c)] 

(d) molar mass 
13 

[Hint: . Fe2+ ~Fe3+ + em; S~m ~ 2S4+ + iOe-

FeS2 ~ 2S4+ + Fe3+ + ll[ 
'. .' Molar mass 

EqUIvalent mass of FeS2 = ----
11 

The equivalent mass of H3B03 in its reaction with NaOH to 

form Na2B:i07 is equal to: 
(a) molar mass/4 
(c) !no lar mass/2 
[Ans. (d)] 

(b) molar mass/3 
(d) molar mass 

[Hint: Boric acid is a monobasic acid. 
Hence, Equivalent mass = Molar mass] 
For the reaction, N2 (g) + 3H2(g) ~ 2NH3(g), if 

molecular masses of NH3 and N2 are Ml and M 2 • their 
equivalent masses are E\ and E2, then (E1 - E2 ) is: 

. (a) 2M, -M2 (b)Mj -M2 
6 

(c) 3M, - M2 (d)M, - 3M2 

[Ans. (a)] 

[Hint: Equivalent mass ofN2, i.e., E2 = M2 
6 

Equivalent mass of NH3, i.e., E, '" ~I 

Then, 
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5. 

6. 

x g metal gave Y g of its oxide. Hence, equivalent mass of 
the metal is: 

l X \ 
(a) ~-Ix s 

Y -X) 

(c)IY+X)xs 
\ X 

[Ans. (a)] 

(b) IY - X x S 
\ X 

X· 
(d) - x 8 

Y 

[Hint: Mass of oxygen in the oxide = (Y X) 

:, 8 g oxygen will combine with ~ x 8 g metal. 
Y-X 

( X J E l-- x8] Y-X 

14.5. ACID-BASE TITRATIONS' 

. The determination of concentration of bases by titration with a 
standard acid is called acidimetry and the determination of . 
concentration of acids by titration with a standard base is called 
alkalimetry. 

The substances which give different colours with acids and 
bases are called acid-base indicators. These indicators are used in 
the visual detection of the equivalence point in acid-base 
titrations. The acid-base indicators are also called pH indicators 
because their colour change according to pH of the solqtion. 

pH Range of Indicators 

Indicators 
Colour of indicator 

pH range . :.. D. _ •• ... .. 
water as 

---...... --- .. ~---.~.--....... .. ... --~ ...... C"""""--~.~ 
SC2 0 4- + 2MnO;; + 16H+ ~ lOC02 .,. 2Mn + + 8H20 

hi! ~,'U"5V 3.1 4.4- ~v","""- "Orange-. -

7. 

8. 

What is the equivalent weight ofKMn04? fCET (J&K) 2006}' 
(a) 158 (b) 31.6 (c) 39.5 (d) 79 
[Aris; (b)] 

[Hint: MnO:; 

. "(b~x{d'atl0n'number (Oxidati,on number-- -~ -
of Mn = + 7) of Mn = + 2) . 

. Molecular mass 
EqUIvalent mass ofKMn04 = ---------

. Change in oxidation number 

=158=31.6] 
5 

The formula mass of,Mohr's salt is 392. The iron present in it 
is oxidised by KMn04 in acid medium, The equivalent mass 
of Mohr's salt is: 
(a) 392 (b) 31.6 (c) 278 (d) 156 
[Ans. (a)] 

[Hint:' Formula of Mohr's salt: FeSClA :(NH4 h S04 ·6H20 

Oxidation of Fe2+ ions take place as: r 
5Fe2+ + MnO:; + 8H+ 5Fe3+ + Mn2+ + 4H20 

Change in oxidation number of Fe + 3 (+2) = + I 
. ' . Molecular mass 

EquIvalent mass of Mohr's salt 
. Change in oxidation number 

. =392=392] 
1 

In a redox reaction, dichromate ion (Ci:20~-) is reduced to 

"r3+ '.,n, the equivalenfmass ofK2Crz07 in this reaction is: 

molecular 
{a)----

3 

(EAMCET 2007) 
. (b) molecular mass 

6 
molecular mass 

(c)----
molecular mass 

(d)----
1 

[Ans. (b)] 
[Hint: Cr20~- + 14H+ + 6e-

Change in oxidation number 6 
. . Molecular mass 

:. EqUIvalent mass = -----
6 

2 

Bromo phenol blue 3 4.6 Yellow Blue 
Methyl ted 4.2 6.3. Red Yellow 
Litmus 5-8 Red Blue 
Bromo-thymol blue 6-7.6 Yellow Blue 
Phenol red 8.3 - 10 Colourless Pink 
Thymol pnthaleIii '8:3 ~ 10.5 - ---"-"'-'-- _.". -.--- ' .. 

Colourless Blue 

In the selection of indicator for a titration, following two 
informations are taken· into' consideration: 

(i) pH range of indiCator. 
(ii) pH change near the equivalence point in the titration. 
Theindh::ator whose pH range is included in t~ pH change of 

the solution ·near the equivalence point, is taken' as suitable 
indicator for the titration. 

(i) Strong acid-strong base titration: In the titration. of 
HCI with NaOH, the equiValence point lies inthe pH change of 
4 -10. Thus, methyl orange, methyl red and phenolphthalein will 
be suitable indicatOl:S. 

(ii) . Weak acid-strong base titration: In the titration of 
CH3COOH with NaOH the equivalence point lies between 7.5 
and 10. ·flence, phenolphthalein (8..3-10) will be the'suitable 
indicator. . 

(iii) Weak base:-strong acid titration: In the titration of 
NH4 0H (weak base) against HCl (strong acid), the pH at 
equivalence point is about 6.5 and 4. Thus, methyl orange 
(3.1-4.4) 01' methyl red (4.2-6.3) will be suitable indicators. 

(iv) Weak acid-weak base titration: In the titration of a 
weak acid (CH3COOH) with weak base (NH40H)the pH at the 
equivalence point is about 7, i. e., lies between 6.5 and 7.5 but no 
sharp change in pH is observed in these titrations. Thus, no 
simple indicator can be employed for the detection of the 
equivalence point. 

(v) Titration of a salt of a weak acid and a strong base 
with strong acid: 

. H2C03 + 2NaOH --7 Na zC03 + 2H20 
Weak acid Strong base . 

Na zC03 when titrated with HCl, the following two stages are 
involved: 

Na2C03 + HCI--7 NaHCOi + NaCl (First stage) 
pH = 8.3, near equivalence point 
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NaHC03 + HCI----t NaCI + H2C03 (Second stage) 
pH 4, near equivalence point 

For first stage, phenolphthalein and for second stage, methyl 
orange will be the suitable indicator. 

14.6 TITRATION OF MIXTURE OF NaOH, 
Na2C03 AND NaHC03 BY STRONG 
ACID LIKE HCI .. 

In this titration the following indicators are mainly used: 
(i) Phenolphthalein (weak organic acid): It shows colour 

change in the pH range (8-10). 
(ii) Methyl orange (weak organic base): It shows colour 

change in the pH range (3.1- 4.4). Due to lower pH range, it 
_____ -~te~Cill1lpJete lleutralis.atiQlLQLwlmk.Q.Uhe base, 

. 1 .: - ; 

. S.No~ I Base. iPbenolpbtbaleht-----Metbyl orange 
I , 

1. iNaOH 
I 

1 

2. iNa2C03 
! 
I 
! 

3. I NaHCO] I . 

!Shows complete l'ShoWS complete 
! neutralisation, neutralisati~n, 
! NaOH + HCI -? NaOH + HCI -? 
! NaCl + H20 I NaCI + H20 

I Shows half I Shows complete 
I neutralisation due to l neutralisation, 
I following reaction: INa2C03 + 2HCI -? 
I Na2C03 + HCI-? I 2NaCI + H20 + CO2 
i NaHC03 + NaCI I 
! I 

I Shows no reaction I Show complete reaction, 
I lNaHC03 + HCl -? 

I i 1 NaCl + H,O + coo 
Let for complete neutralisation of Na2C03' NaHCO] and 

NaOH, x, yand z mL of standard HCI are required. The titration of 
the mixture be carried two methods as summarised below: 

Mixture Phenol- Methyl Methyl orange 
: phthalein: orange after first end 
i from I from point 
i beginning! ~~~~~~~~L .. ___ -=~-~ ____ _ 

-1: NaOH ~!~ + (xl2)- ;(x + z) 
+ NaZCO} : 

2. NaOH :z+O l(z+y) 
+ NaHC03 : 

3. Na2C03 
+ NaHC03 

+0 + y) 

: : : ::::_SOME SOLVED EXAMPLES\ ::::: : : 

Example 11. What is the strength in g per litre of a 
soluti~n of sulphuric add, 12 mL of which neutralise 15 mL of 
N II 0 sodium hydroxide solution? 

Solution: Applying N,V,' N 2V2 
(NaOH) (H2S04) 

I 
-xI5=N 7 x12 
10 -

15 
N2 =--=0.125 

lOx 12 

Normality x Eq. mass = Strength (gIL) 
. Strength = O. 125 x 49 = 6,125 gl L 

Example 12. 4.9 g of H 2S04 is present in 100 mL of the 
solution. What is the molarity of the solution? Calculate its 
normality also. 

Soluti~n; Strength (giL) ofH? S04 = 4.9 x 1000 = 49 
- 100 

M I . - Strength - 49 - 0 5· M o anty - -- - . 
MoL mass 98 

. --~-Normality-=-n-x-Molarity- -_. 

n = Mol. rna5S _ 98 2 
Eq, mass 49 

Normality = 2 x 0.5 = 1.0 

Hence, the H2S04 solution is 1 N. 

----Eumple 13 .. 25 mL of N/IO caustic soda solution.exaetly 
neutralises 20 mL of an add solution containing 7.875 g of acid 
per litre. Calculate the equivalent mass of the acid. 

Solution: N,V, =N 2V2 
(NaOH) (Acid) 

I 
- X 25=N 2 x20 
10 

25 
N? =--=0.125 

- JOx 20 

Strength = Normality x Eg. mass 

Eq. mass of the acid = 7.875 = 63.00 
0,125 

Example 14. 150. mL 0/ N/IO HCl is required to react 
completeZv with 1.0 g of a· sample of limestone. c;alculate the 
percentage purity of calcium carbonate. 

. N N 
Solution: 150 mL - HCI == 150 mL CaC03 10. ·10 

CaCO, + 2HCI 
Mol. ma~s 2g eq. 

Eq. mass of CaC03 
40+12+48 

2 
100 =50 

2 
Mass ofCaC03 present in 150 mLNllO solution, 

[ V] 1 150 NxEx~- =50x-x 0,75g 
. 1000 10 1000 

P ' 0.75 100 75°/0 unty =--x II 

1 

Example 15. 0.63 g of dibasic add was dissolved in water. 
The volume of the solution was made 100 mL. 20 mL of this acid 

solution required 10mL N NaOH solution. What is the equivalent 
5 

mass and molecular mass of the acid? 
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Solution: 

N t X20
l

XIO 
5 
I 10 

N
J

:::= x-
. 5 20 10 

Strength ofthe acid solution Eq. mass of the acid x Normality 

I E 
Ex =- giL 

10 10 

Mass of acid in 100 fnL of the solution =!i x 100 E 
10 1000 100 

Mass of acid in 100 mL of the solution :::= 0.63 g (given) 

So, E :::= 0.63 or E :::= 63 

NaOH solution used by NH4Cl 

= (100-1 1.72)mL of 0.8 NNaOH 

= 88.28 mL of 0.8 N NaOH 

== 88.28 mL of 0.8 N NH4 CI 

· Mass of NH4 CI present in 88.28 mL of 0.8 N NH4 Cl solution 

N x I; x V :::= O.8'x 53.5 x 88.i8:::= 3.7783 
1000 1000· g 

[Eq. mass of NH4 CI = 53.5] 

· . Example 18. A sample of Na2C03 . H 20 weighing 0.62 g 
is added to 100 mL of 0.1 N sulphw:ic acid. Will the resulting 
sollltiol1 be acidic. basic or neut;'al? (At. mass H:::= 1. C 12, 
0:::=16. Na:::=23.S:=32) . 

Solution: Mass ofNa2C03 ·H2 0 0.62 g 

.------ .. -- .. -~-.----.. -.. --- .- .... -----..... -... -· .. ~ .. ;-~---.. ----· .. MasS'----·&.6'2---~ .. --··- ._-.... - .. --_. 
. No. of g eqUivalents = . = -~ ::: 0.0 I . Mot mas~·Bas:i:city~~Eq·.·-mass .. ----... ~~--... ~--.---~~-... ~~~ .. -~ ... -~~_Eq.~ mass "o~·~·. --;--. ---.. ~ .---~--... --

:::= 2x 63;" 126 . 124 
[Eq. mass ofNa2C03 ·H20= - = 62] 

Example 16. 10.875 g of a mixture ofNaCI and Na zC03 
was dissolved in water and the volume made up to 250mL, 20 mL 

of this solution required 75.5 111L of N H zS04 . Find out the 
. '. 10 

percentage composition of the mixture. 
Solution: Only Na2 C03 will react with H2S04 , 

Applying NtV, == N 2V2 
(NU2 CO) (H 28°4) 

I 
N, x 20= 75.5 x 

10 

N
J 

75.5 = 0.3775 
20x 10 

Na 2C03 + H2S04 ~Na2S04 +H20+COZ 
I mol. mass 2g eq. 

106 
Eq. mass of Na ZC03 ::: =53 

2 

Mass ofNa 2C03 present in 250 mL 0.3775 N solution 

N x E x V 0.3775 x 53 x 250 
---- = ------

1000 1000 

5.0018 g 

Mass?f NaCI = (10.875 5.0018) = 5.8732 g 

Na CO == 5.0018 x 100 45.99% 
2 3 10.875 

NaCl::: 5.8732 x 100 =54.0% 
10.875 

Example 17. A quantity of ammonium chloride \Vas 
heated with 100 mL of 0.8 N NaOH solution till the reaction was 
complete. The excess of NaOH was neutralised with 12.5 JIlL of 
0.75N H 2S04 , Calculate the quantity of ammonium chloride. 

Solution: 
12.5 mLofO.75 NH2S04 12.5 mLofO.75 NNaOH 
12.5 mLofO.75 NNaOH =' 11.72 mLofO.8 NNaOH 

. 2 

No. of g equivalents ofHzS04 in 100 mL::= ~ X 100 
1000 

0.1 
0.01 = 

10 

Both the substances are present in same equivalent; they will 
completely neutralise each other and hence, the resulting solution 
will be neutral. 

· Example 19. A solution containing 4.2 g of KOH and 
Ca(OHh is neutralised by an acid. If it consumes 0.1 g 
equivalents of the acid. calculate the composition of the sample. 

Solution: Let mass of KOH be present in mixture = a g 

and Mass of Ca(OH) 2 (4.2 a) g 

or 

or 

Eq. mass of KOH = 56; Eq. mass of Ca(OH) 2 

g equivalent ofKOH + g equivalent ofCa(OHh 

74 =37 
2 

g equivalent of the acid 
~ + (4.2- a) = 0.1 
56 37 

37a- 56a = 0.1 x 56x 37 4.2x 56 

19a = 28 
28 

a= 1.47 
19 

Mass of KOH in the sample = 1.47 g 

Percentage of KOH = 35 

and Percentage of Ca(OHh 100 - 35 = 65 

Example 20. 40 mL of HC! is exactly neutralised by 20 mL 
ofNaO/-! solution. The resulting neutral solution is evaporated to 
dITI1('S\ and the residue is found to have a mass of 0.117 g. 
Calculate the normality of the HC! alld NaOH. 

Solution: . HCI + NaOH ~ NaCI + H20 
40 58.5 

eq. 
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Mass of NaCI obtained = 0.117 g 

~q. mass of NaCl:::: 58.5 

No. of g equivalents of NaCl:::: 0.117 :::: 0.002 
. 58.5 

.. Thus, 0.002 g eq. ofHCl will react with 0.002 g eq. ofNaOH 
to form 0.002 geq~ NaCI. 

Normality of HCl = 0.002 x 1000 :::: 0.05 N 
40 

Normality of NaOH = 0.002 x 1000 = 0.1 0 N 
20 

250 mL of the sodium carbonate solution contains:::: 1.325 g 
1000 mL of the sodium carbonate solution contains 

Normality ofNa 2C03 solution 

---==- X 1000 5.300 g 
250 

Strength (giL) 

Eq. mass 

= 5.30= J.. N 

Applying NI~ == N 2V2 
(Na2C03) (H2 S04) 

1 . 
X 25=N2 X 20 

10 

53 10 

Examph.i21. 1.03 g mixture of sodium carbonate and 
calcium carbonate require 20 mL N HCI for complete 

. neutralisation. Calculate the percentage of sodium carbonate N 2 = ~ = l 
~- --and(Jaldum-Gar-honate-in-the-given-mixtu1'e.~-------.... -... ..-.- ______ ._____. ___ 1O_x2D~_8 _______ .. ____ ......... ~. ___ . _ ..... __ 

----Soluttcnr:NJ:l.2C~Cl ~2NaCl+ H2~""'--Applying""'-'N V········· ==~N V·····------ ----
. . 106 2 x 36 5.· . .. B B.. A A 

. (Before dilution) (After dilution) 

53 36.5 " Eq. mass 
19 eq. 1 g eq. 

Caco3 + 2HCl ~ CaCl 2 + H20 + CO2 
100 2 x 36.5 

Eq. mass 50 36.5 

1 g eq. 1 g eq. 

At equivalence point, 
No. of g equivalents of CaC03 + No. of g equivalents of 

Na 2C03 = No, of gram equivalents ofHCl 

x 1.03 - x 1 
-+---
50 53 50 

or x= 0.50 

CaC03 = 0.50 g, % CaC03 :::: 0.50 x 100 = 48.54 
1.03 

Na2 C03 = n.53 g , % Na 2C03 = 0.53 x 100 51.46 
1.03 

Example 22. 1.325 g of anhydrous sodium carbonate are 
dissolved in water and the solution made up to 250 mL. On 
titration 25 mL of this solution neutralise 20 mL of a solution of 
sulphuriC acid. How much water should be added to 450 mL of 
this acid solution to make it exactly N112? 

MoL mass 106 
Solution: Eq. mass ofNa 2C03 = 2 ::::~ =53 

1 1 
- x450=- xVA 8 12 

V A 
450x 12 = 675 mL 

8 

Water to be added for dilution = (675 450) 225 mL 

Example 23. A sample of sodium carbonate contains 
sodium sulphate also. 1.5 g of the sample is dissolved in water 
and volume raised to 250 mL. 25 mL of this solution requires 20 

mL .of N H 2 SO 4 solution for neutralisation. Calculate the 
10 .. 

percentage of sodium carbonate in the sample. 
Solution: Only Na 2C03 will react with H2S04 , 

Applying NIV, = N 2V2 . 

(Na2C03) (H 2S04 ) 

I 
NI x 25= 20x 

. 10 

0.08 

." .. . . Mol. mass 106 
Eq. mass of Na2C03 :::: :::: = 53 
·22 

Mass ofNa 2C03 present in 250mL 0.08N solution 

N x V 0.08 x 53 x 250 
= 1.06g 

1000 1000 

Percentage of Na 2 C03 in the mixture:::: 1.06 x 100 70.67 
1.50 

Example 24. In a sample of sodium carbonate some 
sodium sulphate is also mixed. 1.25 g of this sample is dissolved 
and the volume made up to 250 mL. 25 mL of this ~olution 

neutralises 20 mL of N sulphuriC acid. Calculate the percentage 
10 . 

of sodium carbonate in the sample. 
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Solution: 25 mL of sample solution neutralises 
N 

20mL- H2 S04 
10 

250 mL of sample solution will neutralise 

N 
200mL H2S04 

10 

200 mL N H2S04 = 200 mL N Na2C03 solution 
10 10" 

ExNxV 
Amount of Na 2C03 present = ---

WOO 

= 53x 200 = 1.06 
lOx 1000 

% of Na2CO} in the sample = ~ 100 = 84.8 
"~-~".""~~"~~~~ 

NxExV Ix"{90+18x)x25 

1000 15 x 2 x 1000 

(90+ 18x) 
= 1200 g 

(90+ 18x) 
Actually " g oxalic acid is present in 16.68 mL 

1200 
solution. 

250 mL of the solution contains oxalic acid 

(90+ 18x)x250::1.575( iven) 
1200x 16.68 g 

or 90+ 18x 
1.575 x 1200x 16.68 

250 
126 

.\,>"_:Exampl.e-15-.--1~g-of-a-metat--cnlbonate is mixed wilJc-----~ -" ~--x="2~-- ~-"""---""--"--"""-. 

300mL ofN HC/. lOmL of N sodium hydroxide were required to" ·-Example.27. "25 mL of a mixture of NaOH and Na2C03 
10 2 . " when titrated with N/l0 HCI using phenolphthalein indicator 

neutralise excess of the acid. Calculate the equivalent mass of the required 25 mL HCI. The same volume of mixture when titrated 
metal carbonate. with N /1 0 HCl using methyl orange indicator required 30 mL of 

N HC/. Calculate the amount of Na 2C03 and NaOHin one litre or-·~ 
Solution: 10 mL of 2" NaOH solution this mixture. 

"= 10mL of N HCI solution 
"" 2 

= 50 mL of N HCl solution 
10 

Volume of N HCI used for neutralisation = 300 - 50 250 mL 
10 

250 mL of N HCI = 250 mL of N metal carbonate solution 
10 10 

Let the equivalent mass of metal carbonate be E. 
Mass of metal carbonate present in solution" 

= N x E x V = 1.725 
1000 

= Ix E x 250 = 1.725 
lOx 1000 

= E = 1.725 
40 

E 40x 1.725 69 

F;xample 26. 1.575 g of oxalic acid (COOHh 'xH20 are 
dissolved in water and the volume made up to 250 mL. On 

" N 
titration 16.68 mL 01' this solution requires 25 mL 01' - NaOH 

~"" ~ 15 " 

solution for complete neutralisation. Calculate x. 

Solution: 

25 mL of N NaOH solution 25 mL of N oxalic acid 
15 15 solution 

Mass of oxalic acid present in 25 mL of N oxalic acid 
15 solution 

Solution: When phenolphthalein is the indicator, whole of 
NaOH has been neutralised and carbonate converted into 
bicarbonate, i. e. , 

NaOH + HCI----4 NaCI + H2 0 

Na 2C03 + HCI----4 NaHC03 + NaCI 
" N 

So, 25 mL HCI NaOH + 112 Na 2C03 present "in 25 mL of 
10 

mixture 

In another titration when methyl orange is the indicator, whole 
of NaOH has been neutralised and carbonate converted into 
carbonic acid, i."e. , 

Na 2C03 + 2HCI----4 2NaCI + H1C03 

30mL N HCI15 NaOH+ Na 1C03 presentin25mLofmixture 
10· 

Hence, 

(30- 25)~ N HCI ..!.. Na ZC03 present in 25 mLofmixture 
10 2 

Hence, 

10 mL N HCI N a 2 C03 present in 25 mL of mixture 
10 

== 10 mL N Na 2C03 solution 
10 . 

" 53 x 10 " 
Amount of Na2C03 = = 0.053 g 

10 x 1000 

This amount ofNa2C03 is present in 25 mL of mixture. 

The amount present in one litre of mixture 

0.053 x 1000 = 2.12 g 
25 
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(30 10) mL N HCI = NaOH present in 25 mL mixture 
10 

=20mL N NaOH 
10 

Amount of NaOH in 25 mL of mixture = 40 x 20 == 0.08 g 
lOx 1000 

The amount present in one litre of mixture =0.08 x 1000= 3.20g 
. 25 

Example 28. 25 mL of a mixture of NaOH + Na2C03' 

when titrated with N HCI using phenolphthalein indicator 
10 

required 25 mL HCI to deco10 w'ise phenolphthalein. At this stage 
methyl orange was added and addition of acid was continued. 
,The second end poi)1t was reached after further addiiton of5 mL 

, acid. Calculate the amount and NaOH in one 

Amount ofNa l C03 = 0.053 x 1000= 5.3 giL of mixture 
, ' 10 

Between first and second end points, . 
2.5 mL of 0.2 M H2S04 used 

= 2.5 mL of 0.4 N H 2S04 used 
= 5 mLof 0.2 N H2S04 used 

= ~ NalCO} + NaHC03 present in 10 mL of mixture 

(5 - 2.5) mL 0.2 N H2S04 

= NaHC03 present in \ ° mL of mixture 

2.5 mL 0.2 N NaHC03 

0.2 x 84 x 25 = 0.042 
- 1000 g 

·----.Solutlon: . Between first and second end pomts~--·····--.~tinrof-NattOO3 ==O.~;2 xt()(J(t:;;4.20 giL of mixtme ... ---

NaHC03 + HCl---7 NaCl + H2C03 

5 mL N HCI = 1 Na 2CO, present in 25 rriL ofa mixture 
10 2 ' 

or'1O-mCN 'I1Cli='Na 2'CO,'present'in 25mLofa rili it'ie 
. 10 . 

N ' 
10 mL Na ,C03 = 0.053 g Na, CO, 10 - ~ , 

Amount ofNa2C03 in one litre of mixture ::e 0.053 x 1000 
25 

= 2.12 g 

(25 5) mL N HC! =,NaOH pr~sent in 25 mL of mixture 
10 . 

=25 mL N NaOH 
10 

=0,08 gNaOH 

Amount of NaOH in 'one litre of mixture = 0.08 x 1000 

=3.2g 

Example 29. A solution contains Na2CO] and NaHCO]. 10 
mL of the solution required 2.5 mL of 0.1 M H 2S04 for 
neutralisation using phenolphthalein as indicator. Methyl orange 
is then added when a further 2.5 mL of 0.2 M H 2S04 was 
required. Calculate the amount ofNa1CO} and NaHC03 in one 
litre of the solution. 

Solution: 2.5 mL of 0.1 MH2S04 = 25mL of 0.2 N H2S04 

So, 

1 Na 1 C03 present in 10 mL of mixture 
2 -

5 mL of 0.2 N H2S04 = Na l C03 present in 10 mL of mixture 

5 mL of 0.2 N Na2C03 

0.2 x 53 x 5 0,053g 
1000 

.: .' Example 30. Calculate the normality of a solution. 

obtained by mixing 100mL N H 2S04 , 50mL N HN03 and25mL 
10 2 

N HCI solutions, 
5 

Solution: Let the final normality be N. 

So, 

Total volume (\ 00 + 50 + 25) = 175 mL 

175xN= NtVl +N2V2 +N3V3 
(H 2S04) (HNO)) . (Hel) 

(100X /0)+(50X~J+(25X~J 
(10+25+5)=40 

N=~ 0.2286' 
175 

Hence, normality of solution = 0.2286 N 

Example 31. 0.5 g offuming H 2S04 (oleum) is diluted 
with. watel: This'solution is complete~v neutralised b.v 26.7 tnL of 
0.4 N NaOH. Find the percentage o.ffree SO) in the sample 
solution. 

Solution: Oleum consists ofS03 and H2S04 , 

Let the mass of so.) in the given sample of oleum be = x g 
Mass of H2S04 in the given sample of oleum = (0.5 - x) g 

Eq. mass of S03 80 = 40 
2 

No. of g equivalents of S03 
x 

40 
[2NaOH + S03 ---7 Na2S04 + H2 0 

2NaOH+H2S04 ---7 Na 2S04 +2H20] 
98 

Eq. mass of H2S04 = = 49 
2 

No. of g equivalents of H
O
S0

4 
= (0.5 - x) 

- 49 
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T I 
. f . I x (0.5 - x) 

ota no. 0 g eqUiva ents = - + ------'-
40 49 

26.7 mL of 0.4 N NaOH contain no. of equivalents ofNaOH 

=~x 26.7 
1000 . 

At equivalence pOint, 

So, 

No. of g equivalents of NaOH = ~ + (0.5 - x) 
40 49 

0.4 x 26.7 _ 49x+ (40x 0.5-40x) 

1000 40x 49 

x = 0.9328 = 0.1036 
9 

0.1036 
Hence, % of free S03 = ---- x 100 

_ ... ___ . ____ .. __ .. ____ .. _____ .O_5~ ______ . _.. .._._ .. ____ .. ____ ... ___ ... 

Reaction: 2AI +3H2S04 ~AI2(S04h +3H2 
. 2 x 27 3 x 98 

H2S04 required for dissolving 2.7 g Al 

3 x 98 
=-- x 2.7= 14.7 g 

2x 27 

H2 SO 4 left unreacted = (21.895 - 14.7) g = 7.1595 g 

7.1595 g H2 SO 4 is present in 400 mL 

A t fH·· SO . I' 7.1595 m . 0 2 4 present III one Itre = --.- x 1000 g 
400 

=17.898g 

17.898 
No. of g moles of H?S04 = -- = 0.1826 

._ .. __ ..... __ . __ .. _. __ ._ .. __ . ____ .. _. ___ ~ __ . ____ .215 __ . ____ ._ 
~--------------------~=72frO.7772--------------------~--~H~effin~ee~,----~m~ol~S~O~4~+O~.l~8~2~6~A+I-------------

Example 32. 0.789 g of crystalline barium hydroxide is Example 34.0.50g of a mixture ofK 2C03 and Li2C03 

dissolved in water. For the neutralisation of this solution, 20 mL requires 30 mL of a 0.25 N HCI solution {or neutralisation. What 
N is the percentage composition ()fthe II1L~ture? 

of - HN03 is required. How many molecules of water are 
4 Solution: K2 C03 + 2HCl ~ 2KCl + H2 ° + CO2 

present in one g mole of this base? (Ba = 137.4, ° = 16, iy = 14, 
H= 1) 

Solution: Let the molecular formula beBa(OH)2 ·xH20 

Mol. mass of Ba(OH)2 ·xH20 = 137.4 + (2 x 16) + 2 xl + 18x 

=171.4+18x 

171.4+18x 
Eq. mass of Ba(OH)2 ·xH20 = -------

2 

20 rilL N HN03 == 20 mL N Ba(OH)2 .xH?O 
4 4·' -

A t fB (OH) H 0
- (171.4+ 18x) 20 

.moun 0 a 2'X 2 - . x--
2x 4 1000 

171.4 + 18x 
400 g 

Amount of Ba(OH)2·xH20 = 0.789 g 

Hence, 171.4 + 18x =0.789 
400 

or 171.4 + 18x = 0.789x 400 

- 144.2 _ 80 -·8 x------ .1= 
18 

Thus, 8 g moles of water molecules are present in one g mole 
of the base. 

Ex'ample 33. A piece of aluminium weighing 2.7 g is 
heated with 75 mL of H 2S0 4 (Sji. gl~ 1.18, containing 24.7% 
H 2S04 by mass). After the metal is carefitlly dissolved, the 
solution is diluted to 400 mL. Calculate the molarity of the /i-ee 
H 2S04 in the reslliting solution. 

Solution: Mass of H OS04 = 24.7 x 75 x 1.18 
- 100 

= 21.8595 g 

138 2 x 36.5 
Eq.l1)ass· 69 36.5 

Li 2C03 + 2HCI .~ 2LiCI + H20+ CO2 
74 2 x 36.5 

Eq. mass 37 36.5 

Let x g of K2 C03 be present in the mixture. 

Mass of Li 2C03 = (0.50 - x) 

No. of g equivalents of K 2C03 = ~ 
. 69 

No. of g equivalents ofLi oC0
3 

= (0.50- x) 
~ 37 

No. of g equivalents in 30 mL of 0.25 N HCI 

_ Normality x Volume 

1000 

At equivalence point, 

So, 

x (0.50 - x) 3 
-+ =---
69 37 400 

x = 0.48 
K 2C03 = 0.48 g; or 96% 
Li 2C03 = 0.02 g; or 4% 

0.25 x 30 

1000 
3 

400 

Example 35. 5 mL of 8 N nitric acid, 4.8 mL of 5 N 
hydrochloric acid and a certain volume of 17 M sulphuric acid 
are mixed together and made up to 2litres. Thirty /ilL o/this acid 
mixture exactly neutralise 42.9 mL ()f s()diul1l carbonate solution 
containing one gram of Na 2C03 ·IOH20 in 100 mL of wale/: 
Calculate the amount in grams of the sulphate ions in solution. 

Solution: Molecular mass of Na 2C03 ·IOH20 = 286 

E/· I f 286 ttUiva ent mass 0 Na?C03 ·10H?0= - =143 
- - '1 

I 
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100 mL solution of sodium carbonate contains :::= 1 g 
1000 mL solution of sodium carbonate contains 109 

10 
Normality of the solution 

143 
Applying the formula, 
Normality of acid solution x its voluine 

:::= Normality of sodium carbonate solution x its volume, 

N I· f h 'd I' 10 x 42.9 0 1 orma tty 0 t e act so utlOn := := . 
143 x 30 

Let V mL be the volume of H2S04 taken. 

8 x 5 + 4.8 x 5 + 34 x V:::= 0.1 x 2000 

V:::=4mL 

Normality x Eq. mass x Volume 
Amoun~t_~o~f_~~)i_.~:::=~=========~~======~=== __ 

So, 10 mL of acid mixture contains 0.0735 g of H1 SO" 

Amount of NaOH in 16 mL N NaOH solution 
8 

ExNxV 
= 

1000 

:::= 40x 16 = 0.08 
8 x 1000 g 

H2S04 + 2NaOH --7 Na2S04 + 2H20 
98g 2 x 40=80g 

Thus, 98 g of H2S04 require 80 g of NaOH 

0.07. g of H? SO, will require =80 x 0.0735 g of NaOH 
~ _.. 98 

---- .------34XLt8xT--.~- .. ___ ... ___ .. ..Leuhe.aI11ount.oLHCLin.JO-~xtm:e . .be.=.x .. g.-..... ----
---- = 6.528 g 

1000 

Example 36. 2.26 g of an ammonium salt were treated 
with 100 mL of normal NaOH solution lind boiled till no more of 
ammonia gas was given off· The excess of NaOH solution left 
over required 60 mL normal sulphuric acid. Calculate the 
percentage of ammonia in the salt. 

Solution: 60 mL normal H2S04 == 60mL normal NaOH 

Thus, (l 00 ~ 60) mL normal NaOH were consumed by 
ammonium salt. 

So, 40 rnL normal NaOH == 40mL normal NH3 
Amount of NH3 in 40 mL normal NH3 

Eq. mass of NH} x 40 

1000 

= 17x 40 = 0.68 
1000 

So, % of ammonia in the ammonium salt = 0.68 x 100 
2.26 

'= 30.09 

Example 37. I OmL of a solution containing sulphuric acid 

and hydrochloric acid required 16 mL ~ caustic soda solutionfor 

neutralisation. On adding excess of barium chloride to 20 mL of 
the same solution of the mixture of the two acids it gives 0.3501g 
barium sulphate. What is the amount of hydrochloric acid per 
litre in the mixture of acids? (Ba 137.4. S 32,0= 16, 
Cl = 35.5) 

Solution: Mol. mass of BaS04 (137.4 + 32 + 64) = 233.4 

H2S04 + BaCl 2 --7 BaS04 + 2HCI 
98 g 233.4 g 

233.4 g of BaS04 is obtained from 98 g of H) SO .. 
.1 . 98· -

0.3501 g of BaS04 is obtained from = -- x 0.3501 
. 233.4 . 

= 0.147 g of H2S04 

. 20 mL of acid mixture contains O. i47 g of H2S04 

HCI + NaOH 
36.5g 40g 

NaCl + H20 

36.5 g HCl require = 40 g of NaOH 

x g HCl will require = 40 x g of NaOH . . . . ... 36.5·· ................ -. 

1.0958x g of NaOH 

1.0958x + 0.06 0.08 

x = (0.08 0.06) =: 0.01825 
1.0958 g 

Amount of HCI presenfin one litre of the acid solution 

= 0.01825 x 1000 = 1.825 
]0 

Example 38. A small amount of CaC03 completely 
neutralises 525 mL of 0:1 N Hel and no acid is left in the end. 
After converting all calcium chloride to CaS04 • how much 
plaster of Paris can be obtained? (Dhanhad I QQI) 

Solution: 

525 mL of 0.1 N HC1:::: 525 mL of 0.1 N CaCI 2 

525 mL of 0.1 N plaster of Paris 

Molecular mass of plaster of Paris =: CaS04 . ~ H2 ° = 145 

Equivalent mass of plaster of Paris = 145 72.5 
2 

Mass of plaster of Paris in 525 rnL of 0.1 N solution 

N x E x V 0.1 x 72.5 x 525 

1000 1000 

= 3.806 g 

Example 39. 25 mL ~fO.107 M H 3P04 was titrated with 
0.1 15M solution ofNaOH to the end point identified by indicator 
bromocresol greell. This required 23.1 mL. The titration was 
repeated using phenolphthalein as indicatm: This time 25 mL of 
0.107 AI H 3 PO 4 required 46.2 mL of the O. J J 5 M NaOH What is 
the coefficient 'n 'in thefollowingreaction? 

H 3P04 +nOH ---'t[H3 _
II
P04 +nHoO 



VOLUMETRIC ANALYSIS 915 

Solution: Number of milliequivalents of H3 PO 4 

== 25 x 0.107 x n . 
2.675 x n 

In flISt titration: Number of milliequivalents of OH- used 
23.1xO.1l5xl 2.66 

(Acidity ofNaOH = 1) 

In second titration: Number of milliequivalents of OH- used 

46.2 x 0.115 xl == 5.313 

:. In first titration: 2.675 x 11 2.66 

i.e., n==l 

:. In second titration: 2.675 x n = 5.313 

fLLUSTrATlONS OF OB]ECTIVE QUESTIONS 

9 .. How many grams ofNaHC03 are required to neutralise 1 mL 
of 0,0902 Nvinegar? 
(a) 8.4 x 10-3 g (b) 1.5 X 10'-3 g 

(d) 1.07 x 10.-3 g (c) 0.758 X 10-3 g 

[Ans. (c)] 
[Hint: Number of equivalents of NaHCO 3 

= Number of equivalents of acid 
NV xl 

1000 1000 

Mass of NaHC03 
0.0902 x 1 x 84 

-----Example40; 11.2 g carborrrenu1TcTI/sT7"c:7JnTrnpmtlvef7;Lerftly:r-ofwmitfhh-1lK9h.6"'3\----1~. O.7..g--Of.Na2COr~wat~and-the 
litre 02 at NTP The cooled gases are passed through 2 litre 012.5 volume made up to 100 mL, 20 mL of it required 19.8 mL of 

N NaOH solution. Calculate concentration of remaining N({OH N HCl for complete neutralisation. The value of x is: 
and Na2C03in solution. (CO does not react with NaOH under 10. . 
these conditions.) 

Solution: mQlesof 9?rb.on. be convelted into. Co. and y 
moles of carbon be converted into CO2 , 

J .c + 2" 02 ---> CO 
x xl2 

y y 

Total volume of oxygen used 
x 

x 22.4 + Y x 22.4 
2 

== 19.63 

I 1.2 x + 22.4 y == 19.63 

x+ y 11.2; i. e. , 12x + 12 y ,,,d 1.2 
12 

Solving eqs. (i) and (ii), we get 

x 0.11, y 0.82 

Number of moles of CO2 formed 0.82 

... (i) 

... (ii) 

Number of milliequivalents of NaOH solution through which 
CO2 is massed == N x V 2.5 x 2000 5000. 

Number of milliequivalents of CO2 passed == 0.82 x 2 x 1000 

1640 

2NaOH+ CO2 

Number of milliequivalents of N a 2 C03 :;;: 1640 

1640 
NNa2co3 = 2000 == 0.82 

Number ofmilliequivaJents of remaining NaOH 

Normality of remaining NaOH 

5000 1640=3360 

3360 
1.68 

2000 

(a) 7 
(c) 2 
[Ans. (c)] 

(b) 3 
(d) 5 

[Hint: '\lumber ofmilliequivalents ofNa2C03 ·xH20 in 20 mL 

= 19.8 x 1 
10 

= 1.98 
:. Number of milliequivaients in 100 mL 

Mass 
----- x 1000 = 9.9 
Equi valent mass 

.~ x 1000= 9.9 
MI2 

M = 141.40 

1.98 x 5 9.9 

(Molar mass ofNa2C03 ·xH20) 
)06 + 18x = 141.40 

x == 2] 
11. Calculate the equivalent mass of Na 2CO} when it is titrated 

. against HCl in presence of phenolphthalein. 
(a) ]06 (b) 53 
(c) 26.5 (d) 212 
[Ans. (a)] 

[Hint: The reaction inv(9lved is, 

Na2CO} + HCI ~ NaCI + NaHC03 
. 106 

Equivalent mass of Na2CO, = - == 106] 
. I 

12.. 1 mol H~S04 will exactly neutralise: 

(a) 2 mol of ammonia (b) 1 mol of Ba(OHh 
(c).p.5 mol ofBa(OHh (d) 2 mol ofKOH 
[Ans. (a, b, d)] 

[Hint: 2NH3 + H2S04 ----?(NH4hS04 

Ba(OHh + r(;S04'~ BaS04 + 2HzO 

2,KOH + H2S04 ~ K 2S04 + 2H20] 
13. Which of the following gives equivalent mass of Na2C03 

when titrated against HCl in the presence of metnyl orange? 

I 
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(a) 5.3 
(c) 10.6 
[Ans. (b)] 

(b) 53 
(d) 106 

Methyl orange 

[Hint: Na2C03 + 2HCI ----'--t 2NaCI + H20 + CO2 

Equivalent mass = molecular mass/2 106/2 53] 

14.7 REDOX TITRATIONS 

Oxidimetry: The determination of the strength of a solution of 
a reducing agent by titration with a standard solution of an 
oxidising agent is called oxidimetry. 

Reductinietry: The determination of the strength of a 
soh,ltion of an oxidising agent by titration with standard solution 
of reducing is called reductimetry. 

_____ (Species) 
Oxidising 

Agent(OA) 
Or 

Reducing 
Agent(RA) 

MnO; 

(Acldic 
mediumOA) 

MnO:; 

(Neutral 
. mediumOA) 

MnO;j 

(Basic 
medium OA) 

H20 2 (OA) 

H 20 2 (RA) 

S20j- (RA) 

Reaction 
involved 

MnO:; + sW + 5e

Mn2+ + 4H20 

MnO:; + 2H20 + 3e- -4 

Mn02 + 40W 

MnO:! + e~ -4 MnO~-

H20 2 + 2H+ + 2e-

2H20 
H20 2 -402 + 2H+ + 2e-

2S20~- -4 S40~- + 2e-

electrons 
involved 

5 

3 

2 

2 

1 (per 
molecule) 

~12 (OA) CI, + 2e- -4 2Cr 
(Obtained from -

2 

bleaching 
powder) 

Cr20~- (OA) Cr20~- + 14u+ + 6e- -4 6 

+7H20 

MnOk (OA) Mn02 + 4H+ + 2e- -4 ,2 . 

Mn2+ 

Fe2+ (RA) 

Equivalent Mass of Substance Undergoing 
Disproportionation / . 

Let us coniider, disproportior.atiori of H 3 POz. 
+1 +3-3 

2H3P03 + PH3 

Reduction 

mass 

M.w.lS 

M.w.!3 

M.w.ll 

M.w.!2 

M.w.l2 

M.w.!l 

M.w.f2 

M.w:/6 

M.wJ2 

M.w.!l 

" 111 XI1~ 4x2 4 n-lactor = ---- = 
.I1 J +11 2 4+2 3 

'. Molecular mass 
EqUIvalent mass ofH3 PO? = ------

- 11 • factor 
m 3m 

4/3 4 

14.8 IODOMETRIC AND IODIMETRIC 
TITRATIONS 

(Titrating solution is Na2 S203 ·5H20called hypo.) 
(i) Estimation ofl2 : 

or 

12 + 2Na2 S203 ~ 2Nal + Na 2 S4 0 6 

Eq. mass ofNa 2S20 3 ·5H20 M. w./l 

2CuS04 +4KI~Cu2I2 +2K2S04 +12 

2Cu 2+ +41 ~Cu212 +12 

Eq.mass ofCuS04 = M. w.!l 

(iii) Estimation of Un 0] present in pyrolusJJe: 

Mn02 +4HCl~MnC12 +C1:l +2H20 

CI 2 + 2KI ~ 2KCl + 1 2 

+ ,"'+ 
Mn02+4H +2Cl-~Mn- +2H20+CI 2 

Cl 2 +21- ~2Cl- +12 

Eq. mass of Mn02 = M. w'/2 

(iv) Estimation of available chlorine in bleaching powder: 

CaOCl 2 + H20~ Ca(OH)] + Cl 2 

Cl l + 2KI ~ 2KCI +12 

Eq. mass of CaOCl 2 M. w.l2 

(v) Estimation olB 2°2: 

HoOo + 2r- + 2H+ 

Eq. mass of H 20 2 = M. w'/2 

(vi) Estimation of ozone: 

0 3 + 6r- + 6H+ 

Eq. mass of 0, = M. w./6 

(vii) Estimation ofCr.p?-: 

Cr20~- + 14H+ + 61-

Eq. mass of Cr20~- M. w./6 

(viii) Estimation ofClO- : 

CIO- + 21- + 2H+ 

Eq. mass of ClO- M. w'/2 
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(ix) Estimation of 10:;: 

10:; + 51- + 6H+ 

' .. ····1 
• • •••• 

M. w.l5 

I ••··· . ••••• • 

Example 41. 0.5 g of an oxalate was dissolved in water 
and the solution made to 100 mL. On titration 10 mL of this 

solution required 15 mL ofN KMn04' Calculate the percentage 
20 

of oxalate in the sample. 
Solution: 

15 mL N KMn04 == lOx Normality of oxalate solution. 
20 

Strength of oxalate solution Normality x Eq. mass of oxalate 

:0 x 44 == 3.3 giL [Eq. mass of C20~- 8: 44 J 
Amount of oxalate in 100 mL solution 3.3 x 100=033 g' 

1000 

% of oxalate == 0.33 xl 00 66.0 
0.5 

Example 42. How many mL of a 0.05 M KMn04 solution 
are required to oxidise 2.0 g of FeS04 in a dilute solution 
(acidic)? 

Solution: 
lOFeS04 + 2KMn04 + 8H2S04 ~ K 2S04 + 2MnS04 

lOx 151.8 2xl58 +5Fe
2
(S04)3 +8H

2
0 

10 x 151.8 g of FeS04 require KMn04 2 x 158 g 

2 g of FeS04 will require KMn04 
2xl58x2 

lOx 151.8 g 

Suppose, V mL of KMn04 solution (0.05 M) is required. 

fKMO ' h' I' 158xO.05 V Amount 0 n 4 III t IS so utlOn = ><: 
1000 

x 0.05 x V 2 x 158 x 2 

1000 lOx 151.8 
Thus, 

V 52.7mL 

Example 43. 5.5 g of a mixture of FeS04 ·7H20 and 
Fez (S04 h ·9HiJ required 5.4 mL of 0.1 N KMn04 solution for 
complete oxidation. Calculate the gram mole of hydrated ferric 
sulphate in the mixture. 

(At. mass H = 1,0 = 16, S 32, Fe = 56) 

Solution: Only FeS04 ·7H2 0will be oxidised by KMn04· 

Mol. mass ofFeS04 . 7Hz ° = 278 

As the conversion involves one electron, 
Fe2+ Fe3+ + e- , 

278 
The eq. mass of FeS04 . 7H? ° == - == 278 

- 1 

5.4 mLofO.INKMn04 

== 5.4 mL of 0.1 NFeS04 ·7H2 0solution 

0.1 x 278 
Amount of FeS04 ·7H2 0 x 5.4 = 0.15 g 

- 1000 

Amount of Fe2(S04h ·9H20=(5.5 0.15) =5.35 g 

Mol. mass of Fez (SO 4) 3 . 9H2 0== 562 

Mass 
No. ofg moles ofFe?(S04h ·9H?0=----

- - Mol. mass 

== 5.35 == 0.00952 

Example 44. 0.5 g mixture of K 2CrZ07 and KMn04 was 
treated with excess of Kl in acidic medium. Iodine liberated 
required 100 cm 3 of 0.15 N sodium thiosulphate solution for 

titration. Find the per cent· am(7unt of each in -the mixture, 
(lIT 1I}95) 

Solution: Let 'a' g of KiCrZ07 be present in the mixture. 

Mass of KMn04 (0.5 - a) g 

, Mol. mass 294 
Eq. mass of K2 CrZ0 7 == = - = 49.0 

6 6 

Mol. mass 158 
Eq. mass of KMn04 = 31.6 

5 5 

No. of equivalents of K2Cr2 0 7 = ~ 
, 49.0 

No. of equivalents of KMn04 
(0.5 a) 

31.6 

No. of equivalents ofNa 2 S2 0 3 in 100 cm3 of 0.15 N solution 

= 100 x 0.15 = O.oI5 
1000 

Equivalents ofK2Cr207 + Equivalents ofKMn04 

== Equivalents of iodine 

Equivalents of Na 2S203 

a +(0.5-a)==0.0l5 
49.0 31.6 

l7.4a 1.274 

it = 0.0732 

% of K:2Cr20~ == 0.0732 x 100 14.64 
. 0.5 

% ofKMn04 = 85.36 

I 
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Example 45. Calculate the percentage of available . Amount of NaBr03 in 85.5 mL 0.672 N solution 
chlorine in a given sample of bleaching powder from. the 
following data: 0.672 x ~ x 85.5:::: 1.446 g 

lOOO 6 3.55 g of bleaching powder when treated with acetic acid and 
x:cess o' Kl liberated iodine which required 60 mL. o.! 0.5 N Normall'ty 0672 

'J MI" 0.112M odium thiosulphate solution. 0 anty :::: n - -6-

Solution: 60 mL 0.5 N Na 2 S203 60 mL 0.5 N 12 (ii) Each bromate ion takes-up 5 electrons; therefore, 
MoL mass 151 

== 60mL 0.5 N Cl 2 Eq. mass of NaBr03 
5 5 

Amount of chlorine == 35.5 x 0.5 x 60 ;:;; 1.065 g Amount of NaBr03 in 85.5 mL 0.672 N solution 

lOOO 151 0.672 

% available chlorine 1.065 x 100;:;; 30.0 = -5- x 'To-' O~O ,Y, ~).5 
3.55 1.7352g 

Example 46. 0.261g of a sample ofpyrolusite was heated N()rmality -0.673.=0:1-3-4-4M-----.'-
"wiiflexcess -oj71Cf a~~'iheChTorme-~evorvecrwas;rssedTn-a--·-··"·----·-Mol-an-'_ty_' ·_..........J1_----.5. 

solution ofK1. The liberated iodine required 90mL - NazS Z03' 
30 

Calculate the percentage ofMnOz in the sample. 

Solution: MnOz + 4HCI MnCl z + 2H20 +Cl z 

'2KI +Cl:i'~'2Kel+lf' 

2Na2S203 +12~Na2S406 +2Nal 

N N 
90mL-Na2S203 90mL-Iz 

30 30 

N 
== 90mL - Cl z 

30 

N 
90mL-MnOz 

30 

. MoL mass 87 
Eq. mass of MnOz == ;:;; 

2 2 

[Since, change in O.N. is from 4 to 2] 

Amount of MnOz 87 x ~ = 0.1305 g 
2x 30 lOOO 

% of Mn02 0.1305 x lOO :::: 50 
0.261 

Example 47. (i) What is the mass of sodium bromate and 
molarity of the solution necessary to pl"epare 85.4 mL ofO.672N 

, . solution when the half reaction is, 
BrO} + 6H + + 6e~Br- + 3H20 

(ii) What would be the mass as well as molarity if the half cell 
reaction is, 

2BrO} + IlH + + lOe~Br2 + 6HzO 

SoluticH;; 

(i) Molecular mass of NaBr03 = 23'+ 80 + (3 x 16):::: 15-1 

Each bromate ion takes-up 6 electrons; therefore, 

MoL mass 151 
Eq. mass of NaBr03 == ----

6 6 

Example 48. 50 I1IL of an aqueous solution of H 2°2 was 
treated with an excess of Kl solutioll and dilute H 2S04 , The 
liberated iodine required 20 mL 0.1 N Na z S 203 'solutlon for 
complete interaction. Calculate the concentration of H 20 2 in 
giL. 

Solution: H20 2 + 2KI + H2 S04 ~K2S04 + 2H20+I z 
2Na2SZ03 +12 ~ Na2S406 + 2NaI 

Eq. mass HZ02 34:::: 17 
2 

20 mL 0.1 N NaZSZ03 ;:;; 20 mL 0.1 N 12 solution 

== 20 mL 0.1 N H20z solution 

Amount ofH20 Z in 50 mL aq. solution 

= 0.1 x 17 x 20 = 0.034 
1000 g 

C .. IL 0.034 000 068 oncentratlOn In g = --xl. 
50 

Example 49. 0.124 g of iron wire was dissolved in dilute 
H 2 SO 4 in oxygen free atmosphere and the resultant solution was 
titrated against 0.09672 N solution of KMn04' The titre value 
was 22.90 mL. Calculate the percentage purity of iron wire. 

S()iution: ' 

22.90 mL 0.09672 N KMn04 == 22.90mL 0.09672 N FeS04 

0.09672 x 152 x 22.90 
Amount of FeS04 in the solution 

lOOO 

= 0.3366g 

Amount of iron in 0.3366 g of FeS04 = ~ x 0.3366 
152 

= 0.124 g 

,Thus, 
0.124 

percentage = x 100 ;; lOO 
0.124 , 

The iron wire is 100% pure. 

Example 50. A sample of hydrazine sulphate (N 2H 6S0 4 ) 

was dissolved in 100 mL of water. lO mL of this solution was 
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reacted with excess of FeCl3 solution and warmed to complete 
the reaction. Ferrous ion formed was estimated and it required 20 

mL o[M KMn04' Estim~te the amounl of hydrazine sulphate in 
. . 50 

one litre of solution. 

Reactions: 4Fe 3+ + N zH 4 ~ N 2 + 4Fe 2
+ + 4H 

MnO:; + + 8H + ~ Mn 2+ + 5Fe 3+ + 4H20 

M N 
20 mL - KMn04 = 20 mL KMn04 

50 10 
Solution: 

[ 
; Molecular 

EqUIvalent mass of KMn04 = 5 

N . N 
20 mL KMn04 == 20 mL Ferrous ion 

32.5 

[Since, change in O.N. (N2H.~ ~ N2) per molecule = 4] 

Amount of hydrazine sulphate in 10 mL of solution 
1 32.5 = - X - x 20 = 0.065 g 

10 1000 
Amount of hydrazine sulphate in one litre of solution 

= 0.065 x 1000 = 6.50 g 
10 

Example 51. O.IM KMn04 is used for the following 
titration. What volume o[ the solution in mL will be required to 
react with O.l58g ofNa2S 203? 

S :>.oj- + MilO; + H 20 ~ MilO:>. (s) + SOJ- + OH 

(not balanced) 

Solution: 

Change in oxidation number of sulphur per molecule of 
S10~-' 2x(6-2)=8 

Change in oxidation number of Mn per molecule of MnO:;: 

=7 4 3 

No. of moles in 0.158 g of Na 2S?03 = 0.1.58 1 x 10-3 

- 158 

No. of equivalents = 8 xl 0-3 

Normality of 0.1 M KMn04 solution;:;;; 0.1 x 3 0.3 

Let V rnL of volume of KMn04 be required; then 

~ ~ 0.3 = 8 x 10-3 

1000 

or V = .!.. X 10-3 X 103 

0.3 

= 26.7mL 

Example 52. 25 mL ()f H 202 solution were added to 
excess of acidified solution ()[ Kl. The iodine so liberated 
required 20 mL ()[ 0.1 N NazS 203 for titratio/l. Calculate the 
strength of H 202 ill terms o.[normality, percentage and volume. 

U'>iL:\E 1996\ 

Solution: 20 mL of 0.1 N Na 2 S2 0 3 

20 mL.of 0.1 N 12 solution 

20 mL of 0.1 N H20z solution 

== 25 mL of 0.08 N H20} solution 

f 0 · 00' I' 0.08x 17x 100 Mass 0 H? ? III I mL so utlOll = ------
- - 1000 

%= 0.136 

0.136g 

at NTP = 2240<fmL 

0.00136 g H20 2 evolve oxygen at NTP 

The solution is of 0.448 volume. 

= 22400 x 0.00136 0.448 
68 

Example 53. 0.804 g sample of iron ore was dissolved 
acid. Iron was reduced to +2 state and it required 47.2 mL of 
O.l12N KMn04 solutionfor titration. Calculate the percentage of 
iron and Fe304 in the are. 

Solution: The titration involves the conversion of ferrous 
into ferric. 

5Fe 2+ + MnO:;: + 8H + ~5Fe3+ + Mn 2+ + 4H20 

47.2 mL of 0.112 N KMn04 == 47.2 mL of 0.112 N ions 

47.2 x 0.112 x 55.5 = 0.2934 
1000 

Mass of iron = 0.2934 g 

% of iron in the ore 0.2934 x 100 36.49 
0.804 

3Fe ~ Fe304 
(3x55.5) .(3x55.5 + 64) 

3 x 55.5g of iron form 230.5 g ofFe304' 

0.2934 g of iron will form ;:;;; 230.5 x 0.2934 0.406 g 
166.5 

% of Fe304 in the ore = 0.406 x 100 = 50.5 
0.804 

Example 54. An equal volume of a reducing agent is 
treated separately with 1 M KMn04 in acid, neutral and alkaline 
media. The volume of KMn04 required are 20 mL in acid, 33.4 
mL in neutral and 100 mL in alkaline media. Find out the 
oxidation state of manganese in &ach reaction product. Give the 
balanced equations for all the three half reactions. Find out the 
volume of 1 M K 2 O2°7 consumed, if the same volume of the 
redUCing agent is treated in acid medium. 

I 
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Solution: Let N [, N 2 and N 3 be the nonnalities of 1 M 

KMn04 solution in acid, neutral and alka\ine mediums, 
respectively. 

20 mL N[ 33.4 mL N 2 100mLN3 

In acidic medium, the half reaction is: 

MnO:; +8H+ +5e- Mn 2+ +4H2 0 

i lvf KMn04 = 5 N KMn04 

Thus, from above relation, 

20 20 
N z xN I = x5N=3N 

33.4 33.4 

20 20 
N3= - x N J =-x5N=IN 

100 100 
and 

MnO:; 
Neutral . 4 

+ 3e -----'t Mn + 

MnO:; 
Alkaline 6 

+ e - -----'t Mn + 

The balanced equations are: 
Acid 

MnO;; + 8H + + 5e- ---'} Mn 2+ + 4H20 
Neutral . 

MnO:; +2H20+3e- -----'tMnOz +40W 
Alkaline . 

MnO:; + e- -----'t MnO~· 

The balanced equation in the case of acidified K2Cr207 
solution can be written as: 

CrzO~- + 14H + + 6e-~ 3Cr3+ + 7HzO 

1M K1Cr207 = 6 N K 1CrZ0 7 

The volume required for the titration of the same volume of 
reducing agent with acidified K 2Cr1 0 7 solution as follows: 

20 mL 5 N KMn04 V 6 N K 2CrZ0 7 . 

V= 20x 5 =i6.66mL 
6 

Example 55. 1.6 g of pyrolusite ore 11:tlS treated with 
50 em3 ofl.ON oxalic aeid and some sulphuric acid. The oxalic 

acid left undecomposed was r,aised to 250 cm3 in a flask. 25 em3 

of this solu·tion ~hen titrate~ with 0.1 N KMnO 4 required 32 cm3 

of the solution. Find the percentage of pure MnOz irnhe sample 
and also the percentage of available oxygen. {lIT 1996) 

Solution: 25 cm3 of un decomposed oxalic acid required 

32 cm3 0.1 N KMn04 solution 

Thus, 250cm3 of un decomposed oxalic acid required 

= 320 cm3 0.1 NKMn04 solution 

== 32 cm3 IN KMn04 solution 

32 cm3 1 N oxalic acid solution 

Oxalic acid used by pyrolusite . 

Mass of MnOz 

= (50 32) cm3 1 N solution 

18cm3 1 N solution 

== 18 cm3 IN MnOz solution 

NxExV 

1000 
I x 18 x 87 = 0.783 
1000 x 2 g 

0.783 
Percentage of MnOz = -- x 100= 48.9 

1.6 

Mn02 ~MnO+·O 
87g 16g 

Oxygen given by 0.783 g MnOz =~ x 0.783 = 0.144 g 
87 

-%-QHtvai:l:abte-oxygen _ 0.144 x-tOO-=9:O---~m.-..... . 
1.6 

Example 56. A mixture of H 2C20 4 and NaHC20 4 
weighing 2.02g was dissolved in water and the solution made up 
to one litre. 10 mL of this solution required 3.0 mL ofO.IN NaOH 
solution. for complete neutralisation. In anoJ.her experimentlQ. 
mL of same solution in hot dilute H 1 SO 4 medium required 4 mL 
of OJ N KMnO 4 for complete neutralisation. Calculate the 
amount ofH2Cz0 4 and NaHCz0 4 in the mixture. (11T 1990) 

Solution: Let mass of H1C2 0 4 present in the mixture be 

a gin I litre 
imd mass of NaHC 20 4 present in the mixture be b g in I 

litre . 

For acid-base reaction 

Now, 

H 1C 2 0 4 + 2NaOH~ Na2C204 + 2H20 

Eq. mass of H
2
C

Z
0

4 
Mol. mass = 90 =45 

2 2 

NaHC 20 4 + NaOH ~ Na2CZ04 + H 20 
Mol. mass . 

Eq.massofNaHCz0 4 := =112 
1 

. f· . N HC ° 3x 0.1 EqUivalents 0 H1C2 0 4 + EqUivalents of a 2 4 = 
in 10 mL solution in 10 mL solution 1000 

or 

ax10 bxlO 
----+----
45 x 1000 112 x 1000 

3 x 0.1 

1000 

lI2a + 45b = 3 x O.lx 45x H2 = 151.2 
10 

For redox reaction 
90 

Eq. mass ofH?C?04 = 45; 
- - 2 

112 
Eq. mass of NaHC2 0 4 := - ::::56 

2 

... (i) 

(Change in oxidation number of carbon per molecule = 2; . 
C~+ ~2C4+) 
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Now; 

Equivalents of H2C 20 4 + Equivalents of NaHG204 
in 10 mLsolution in 10 mL solution 

axlO bxlO 
---+----
45 x 1000 56 x 1000 

or 56a + 45b = 100.8 
Solving equations (i) and (ii), 

a = 0.9 g and b 

4 x 0.1 

1000 

1.12 g 

4 x 0.1 

1000 

.. , (ii) 

Iron (If) thus produced is estimated' by titration wiih a 
standard permanganate solution. The reaction is: 

MnO; + 5Fe 2
+ + 8H + ~ Mn2+ + 5Fe3+ + 4H 20 

A 10 mL sample of hydroxylamine soiution was diluted to one 
litre. 50mL of this diluted solution was boiled with excess of iron 
(III) solution. The resulting solution required 12 mL of 0.02 M 
KMn04 solution for complete oxidation of iron (II). Calculate 
the mass of hydroxylamine in one litre of the original solution. 

Sohitil.:m: 
. Example 57. A 3.0g sample containing Fe304' Fe~03 and 

an inert impure substance is treated with excess ofKl solution in 12 mL of 0.02 MKMn04 == 12 mL ofO.lNKM?04 

presence of dilute H 2S04, The entire iron is converted to Fe 2
+ . =12 mL of 0.1 N Fe 2+ 

along with the liberation of iodine. The resulting solution is 12 mL of 0.1 N NH
2
0H 

diluted to 100 mL~~~O m~of th: ~!~~te s~!~ti~_n r~qu~~~l~.O mL . _. __ Mol. mass _ 3-3 _ .... C •• ;;-----'--............. . 

-'of(JSMNaiS203 soluTIon w reduce the IOdine present. A 501riL mass of NH20H = =-
~ ... -- 7YftJre-dilmea'solulion ajtercvmptetrextrm:tiof/ofivdlne req-ulFes---·--····----···· --2;-~----2- -- .-

12.8mL ofO.25M KMn04 solution in dilute H 2S04 mediumfor Mass ofNH
2
0Hin 12 mL of 0.1 NNH20Hsoln. 

oxidation ofFe
2
+. Calculate the percentage ofFe'l03 and Fe304 N x E x V 0.1 x 16.5 x 12 

in the original sample. (liT 1996) = 0.0198 g 
Solution: Fe304 is an equimolar mixture of Fe 20 3 and 1000 1000 

FeO. Thus, the sample contains Fe20j, FeO and impurities. The 50mL of diluted solutieneontainsNHiOH=0.0198'g 

amount of iodine liberated depends on the amount of.Fe203 and 1000 mL of diluted solution contains NH20H 

the entire iron is converted into Fe
2

+ . 0.0198 x 1000= 0.396 g 

Fe304 +2K:I + H2S04 ~3FeO+H20+K2S04 +I2 50 

Fe 2 0 3 + KI + H2S04 ~ 2FeO + H20 + K 2S04 + I2 

5 xl1.0 mLofO.5MNa2S203 55.0 mL of 0.5 N Na2S203 soln. 
55.0 mL of 0.5 N I2 soln. 

== 55.0 mL of 0.5 N Fe203 soln. 
= 27.5x 10-3 equivalent Fe203 soln. 

= 13.75 x 10-3 moles' Fe203 

2x 12.8mL of 0.25 MKMn04 soln. 

== 25.6 mL of 1.25 N KMn04 soln. 

=: 25.6 mL of 1.25 N FeO soln. 

32.0 x<10-3 equivalent FeO 

32.0 x 10-3 moles FeO 

Moles of FeO in Fe304 = 0.032 - 0.0275 0.0045 

Mass of Fe304 0.0045 x 232 = 1.044 g 

Moles of Fe203 existing separately 
. = 0.01375 0.0045 0.00925 

Mass of Fe203 = 0.00925 x 160 1:48 g 

% Fe304 1.044 x 100 = 34.8 
3 

1.48 x 100 = 49.33 
3 

, Example 58. Hydroxylamine reduces iron (Ill) according 
to the equation, 

2NH20H+4Fe3+ ~N20(g)i + H20+ 4Fe 2+ + 4H + 

10 mL of origimil solution contains NH2 OH = 0.396 g 

1000 mL of original solution contains NH20H 

100 x 0.396 = 39.6 g 

Example 59. 0.56 g of limestone was treated with oxalic 
acid to gtve CaC 20 4' rhe precipitate decolourised 45 mL ofO.2N 
KMn04Jn acid solution. Calculate the % ofCaO in limestone. 

Solution: 

45 mL of 0.2 N KMn04 45 mL of 0.2 N CaC 20 4 

45 mL' of 0.2 N CaC03 

= 45 mE of 0.2N CaO 

Mass of CaO = N x E x V = 0.2 x 28 x 45 = 0.252 ' 
• . 1000 1000 g 

.% of CaO in limestone 0.252 x 100 = 45 
0.56 

Example 60. A solution ofO.2g of a compound containing 
Cu 2

+ and C20~- ions on titration with 0.02 M KMn04 in 

presence of H 2S04 consumes 22.6 mL oxidant. The resulting 
solution is neutralised by Na2C03~ acid(fied with dilute acetic 
acid and titrated with excess of Kl. The liberated iodine required 
11.3 mL of 0.05 M Na2S 203 for complete reduction. Find out the 
mole ratio ofCu 2

+ and C20;-: in the cOlflpound,' (liT 1991) 

. Solution: 1st case: Only C20~~ ions are oxidi~ed by 

·KMn04 solution .. 
Normality ofKMn04 solution 0.02 x 5 O.LiV 

. . ~ 

22.6 mL of 0.1 N KMn04 =,.22.6 mL of 0.,1 N C 2 0 4 soln. 
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Mass of C20~- ions 
in the solution 

NxExV 

1000 

NxMxV 

1000 x 2 

+ f C 0 2 • . h' I' N x M x V No. 01 moles 0 1 4- lOns m t e so ut10n ::= , 

- 1000x2xM 

NxV 
---

2000 

O.Ix 22.6 
, 20(l{) 

= 11.3 x 10-4 

2nd case: Only Cu 2+ ions are reduced by KI and iodine 
liberated is neutralised by NazS203 solution. 

11.3 mL of 0.05 M Na2 S203 11.3 mL of 0.05 N Na2Sz03 
~ -~"-... -~---~--~-- ·rr:~rmL -ot~-lr05- N1-;--··~-

= 11.3 mL of 0.05 N Cu 2+ 

M f C 
2+' .' hi' N x E x V N x M x V 

ass 0 u Ions III t e so utlOn ::= ::= ----

1000 1000 

f I f 2+· . hi' N x M x V No. 0 mo es 0 Eu ··lOns·m·t eso utlOn= ----

M I 
'. f Cu 2

+ 5.65xlO- 4 

o ar ratio 0 ---::= == 
C20~- 11.3 X 10- 4 2 

, 1000x M 

NxV 

1000 
0.05x 11.3 

1000 

::= 5.65 X 10-4 

Example 61. 12g of an impure sample of arsenious oxide 
was dissolved in water containing 7.5g of sodium bicarbonate 
and the resulting solution was diluted to 250 mL 25 mL of this 
solution was completely oxidised by 22.4 mL of a solution of 
iodine. 25mL of this iodine sol~tion reacted with same volume of 
a solution containing 24.8 g of sodium thiosulphate solution 
(Na2S 203)H 20) in one litre. Calculate the percentage of 
arsenious oxide in the sample. (Atomic mass of As = 75) 

(lIT 1999) 

Solution:~ormality of Naz S20 3 soln. = 24.8 = 0.1 N 
. 248 

"Applying 

Volume of AS 2 0 3 soln. in NaHC03 x Normality of this soIn. 

Volume of iodine soln. x Normality of iodine soln. 

25 x N j =;l2.4x 0.1 

N _ 22.4x 0.1 
1- 25 

Amt. of AS 2 0 3 present in 250 mL of the solution 

Equivalent mass of 
= NIx ~----1 O-O-O---=--':::' x 250 

22.4x 0.1 198 250 ----x x--
25 4 1000 

1.1088 g 

1.1 088 
Percentage of As20 3 = -- x 100 = 9.24 

12 

Example 62. Hydrogen peroxide solution (20 mL) reacts 
quantitatively with a solution of KMn04 (20 mL) acidified with 
dilute H 2 SO 4' The same volume of the KMn04 solution is just 
decolourised by 10 mL of MnS04 in neutral medium 
simultaneously forming a dark brown precipitate of hydrated 
Mn02' The browl'( precipitate is dissolved in 10 mL of 0.2 M 
sodium oxalate under boiling condition in the presence of dilute 
H 2 SO 4' Writt; the balanced equations involved in the reactions 
and calculate the molarity of H 2°2' (liT 201l!) 

Solution: 

' ..... Ji) MJ1J).2_±.1'1{lzi;&4-±.ltbcSQ4--=±.M!l~0 4±. Na-2 SQ4 .. , ______ _ 
ppt. 

(ii) 2 KMn04 + 3MnS04 + 2H20 
2 mole ppl. 

5 mole 

. 2 2 4 
mMofKMn04 =mMofMn02 x- 2x-=-

. 5 5 5' 

(iii) 2KMn04 +3H2S04 +5H20 2 ----tK2 S04 

or 

2 mole 5 mole 
+ 2MnS04 +8H20+502 

. 5 4· 5 
mMofH2 0 2 =mMofKMn04 x x-=2 

Mx20 2 

2 
M H202 = 20 

2 5 2 

O.IM 

Example 63. The Mn304 formed on strong heating of a 
sample of MnS04 -4H 20 was dissolved in 100 cm3 of 0.1 N 

FeS04 containing dilute H 2S04 , The resulting solution reacted 
completely with 50 cm3 of KMn04 solution. 25 cm3 of this 

KMn04 solution requires 30 cm3 of 0.1 N FeS04 solution for 

complete reaction. Calculate the amount of MnSO 4 . 4H 20 in the 
sample. (liT 2001) 

Heat 
Solution: MnS04 ·4H20----tMn3 0 4 

Mn 3 b 4 is dissolved in ferrous sulphate solution and is 
reduced from Mn (813)+ to Mn 2+. The excess of FeS04 is 

estimated by doing titration with KMn04 solution. The normality 
of KMn04 solution is determined by another ferrous sulphate 
solution. 

For normality of KMn04 solution: 

25 x N = 30 x 0.1 

N = 30x 0.1 =2 
25 25 

Let the volume ofumeacted FeS04 solution be V mL 
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or 

3 
VmL of 0.1 N FeS04 =50 mL of - N KMn04 

25 

V = 50 x 3 = 60 mL 
O.Ix 25 

:.Volume of FeS04 used for Mn 3 0 4 :::(100 - 60) mL 

40mL 

40 mL of 0.1 N FeS04 == 40 mL of 0.1 N Mn 30 4 

== 40mL of 0.1 N MnS04 ·4H20 
ExO.lx40 E 

Mass of MnS04· 4H20 1000 = 250 g 

Equivalent mass of 
M 3M 3x 223 ----

2 

. 3 x 223 
:.Mass of MnS04 ·4H20= =1.338 g 

2 x 250 

Example 64. 0.96 g of hydrogen iodide was heated to 
450°C till the equilibrium was reached. It was then quickly 
cooled and the amount of-iodine liberated required 15.7 cc of 
N I 10 sodium thiosulphate. Calculate the percentage of hydrogen 
iodide dissociated at 450°C. 

Solution: Reactions involved 

2HI~ H2 + 12 

12 + 2Na2S203 -7 2NaI + NaZS406 

1 mole 1 z == 2 mole hypo 

No. of moles of hypo 
Mass 

Molecular mass (158) 

ExNxV 

1000 x 158 

where, E, N and V are equivalent weight, normality and volume 
)f hypo used. 

E = 158, N = 1110, V = 15.7 

N f I fN S ° 
I58xll10x15.7 

o. 0 mo es 0 a z 2 3 = --I-OOO--x-1-58--

1.57 X 10-3 mole 

Moles of 12 'produced by decomposition of HI 
I . 
- mole of Na2S203 

Att 0 

2 

= ~ x 1.57 X 10-3 = 0.785 X 10-3 mole 
2 

Moles of HI 
Mass 0.96 7.5 x 10-3 --
M.w. 128 

HI ~IH ...--- 2 2 + I I 
2 2 

C 0 0 

At equilibrium C(l- 0:) 
Co: Co: - -
2 2 

... (i) 

where, C = 7.5 xl 0-3
, a = degree of dissociation 

Co. 7.5xlO-3a· 
Moles of 12 

2 2 

Equating eqs. (i) and (ii), we get 

7.5xlO-3ci 
0.785 x 10-3 

2 

0.=0.209 

... (ii) 

% dissociation of HI = Degree of dissociation x 100 

0.209 x 100 = 20.9% 

Example 65. 50 mL sample of ozonised oxygen at NTP 
was passed through a solution of potassium iodide. The liberated 

. iodine required 15 mL of 0.08 N Na2S 203 solution for complete 
·····-·iliration-:TCilciirate·in'e-volumeo!ozone-atNTJ:i7n-the---"'--

Solution: Reactions involved may be given as: 

2KI+H20+03 -----?2KOH+I2 +02 i 
12 + 2Na 2S20 3 ~ 2NaI + Na 2S406 

1 mole 0 3 = 2 mole Na2SZ0 3 

Mass 
No. of moles of hypo 

Molecular mass (158) 

ExNxV 

1000 x 158 . 

where, ENa2S203 158, N 0.08, V IS 

f · fh 158xO.08x15 1.2xl0-3 No. 0 moles 0 ypo 
1000x158 . 

. 1 
No. of moles of 0 3 = - mole of hypo . . 2 

= ~ x 1.2 X 10-3 • 
2 

6x 10-4 mole 

[from eq. (i)] 

Volume of 0 3 at NTP No. of moles x 22400 

= 6 x 10-4 x 22400 

= 13.44 mL at NTP 

Example 66. 10 mL of a potassium dichromate solution 
liberates iodine from potassium iodide solution. When the iodine 
.was titrated with hypo solution (NI 20), the titre value was 15 mL. 
Find the concentration. of dichromate solution in g per litre . 

Solution: The reactions involved may be given as 

Cr20~- +61- +14H+ 2Cr 3+ +31 2 +7H20 

3LI 2 + 2Na2S203] -----? 3[2Nal + Na2S406] 

1 mole K 2Cr20 7 == 6 moles ofNa 2S2 03 ... (I) 

. Mass ExNxV 
No. of moles of hypo = ----
. M.w.(l58) 1000 x 158 
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158x 1I20x 15 
==-----

1000 x 158 

==7.5 X 10- 4 mole 

= 1.25 x 10-4 mole 

Mass of K2Cr20 7 in 10 mL solution = 1.25 x 10-4 x 294 

0.03675 g 

Example 68. 5 g of a sample of brass were dissolved in I 
litre dil. H2S04 , 20mL of this solution were mixed with K1 and 
liberated iodine required 20 mL of 0.0327 N hypo solution for 
titration. Calculate the amount of copper in the alloy. 

Solution: When brass is extracted with concentrated 
H2S04 , it gives copper sulphate. 

2[Cu + 2HzS04 ~ CuS04 + S02 + 2HzO] 

2CuS04 + 4Kl 

WeightofK 2Crz0 7 in lOmLsolution 3.675g/L 2Na 2SZ0 3 +12 ~2NaI+NazS406 

Example 67. 1.5 g of sample of impure potassium 2 mole Cu 1 moleI 2 2 mole hypo 

dichromate was dissolved in water and made up to 500 mL 2'0 mL fl' . h 20 mL f 0 0327 N h 
I' 2-5 lr '.f his- i .. . di d . all 24.mL if'. 0 so utlOn reacts Wit o. ypo 

-.-~~~u:Os~::thin:;;h~te ::::r:::-;~q::;{~~~~~:J1:osulpha~e ····m~.·TO~?um~ofs()JUti()~.wi1lfeacf~wit1i 'rOO~iliL-6f 0:0327-"~""-" 
solution required 25 mL of N /20 solution of pure potassium Iv' hypo-~---'''''-
dichromate. Find the percentage purity of impure sample of Mass 

No. of moles of hypo used --.... ----
potassium dichromate. Molecular mass (158) . 

Solutian: Normality of sodium thiosulphate solution may 
be determined as: 

N, V, (Na2S203 ) = N 2V2 (pure K2Cr207 ) 

. 1 
N, x26 25x-

20 

N, = 0.048 (hypo) 

The reaction involved may be given as: 

Cr20~- + 6r + 4H+ ~ 2Cr 3+ + 31z + 7H2 ° 

25 mL of solution ofKzCrZ0 7 is treated by 24mL of 

... (i) 

0.048 N hypo 

:. 500'mL of solution will be titrated by 480 mL of 

0.048 N hypo. 

Mass ExN xV 
No. of moles of hypo = ----

. M. w. (158) 1000 x 158 

. 158x 0.048 x 480 
=------

1000 x 158 

= 0.02304 mole 
. 1 

No. of moles of KZCrZ0 7 = ~ [No. of moles of hypo] 
. 6 

1. [0.02304] == 3.84 x 10-3 

6 

Mass of K ZCr20 7 = 3.84 x 10- 3 
X 294 

= 1.12896 

% purity = 1.12896 x 100 = 75.26% 
1.5 

NxV 
:=; 

1000x 158 

where,E 158,N 0.0327given,v=1000mL· 

158x 0.0327 x 1000 
:. No. ofmqles of hypo used 

1000 x 158 

= 0.0327 

. No. of moles of Cu No. of moles of hypo 

0.0327 mole 

Mass of copper in brass 0.0327 x 63.5 = 2.07645 

01 f . b 2.07645 100 
yoO copper In rass =. 5 x 

= 41.529% 

Exampl~ 69.. An excess KI solution is mixed in a solution 
of K 2Cr207 and liberated iodine required. 72 mL of 0.05 N 
Na2SZ03 for complete reaction. How many grains of K2Cr207 
were present in the solutionofK 2CrZ07? The reaction occurs as: 

Cr20?- + 6J + 14H+ 2Cr3+ + 312 + 7H20 

Solution: The reaction involved may be given as: 

Cr20~- +6r +14H+ ~2Cr3+ +31 2 +7HzO 

3[1 2 + 2Na2SZ03 ~ 2NaI + Na ZS406] 

1 mole KZCrZ07 = 6 mole Na 2 S2 03 ... (i) 

Mass ExN xV 
No. of moles of hypo = ----

M. w.(l58) 1000x 158 

158 x 0.05 x 72 3.6 X 10-3 
1000 x 58 
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I .' 
No. of moles ofK2Cr207 = (j[No. of moles of Na:2SZ03] 

= 1. [3.6 ~ 10-3] = 6 x·IO-4 mole 
6 . 

Mass ofK2Cr207 in the given solution 

No. of moles x Molecular weight 

6 x 10-4 x 294 = 0.1764 
. . . 

IUlIS7RAT10NS OF OBJECTIVE 

14. How many moles of MnO~ ions will react with 1 mole of 

ferrous oxalate in acid medium? 
(a) 1/5 (b) 2/5 (c) 3/5 (d) 5/3 
[Ans .. (c)] 

18. 

(<I) 50 mL of 0.2 MH2CZ0 4 
[Ans. (c)] 

[Hint: M1V1 (KMn04) (H2C20 4) 
nl . nz 

O.lx 20 = MFz 
2 5 

M2V2 = 5 

It is possible in the option (c).] 

.. 

A solution ofH,Oz is titrated against a solution ofKMn04 . 

The reaction is: 

2MnO'; +5H20 2 +,6H+ ~2Mn2+ +502 +SHzO 

Ifit requires 46.9 mL of 0.145 MKMn04 to oxidise 20 g of 
H20 2, the mass percentage ofH20 2 in this solution is: 
-(a) 2.9 ---(b)29. --(c}21 .. (d}4,9 .. _ ....... _-_ .. . 

2 [fO~~:~': :13:: + 3;O::;~(::::'+t4::'O :3~:- ._-:::,' ~:mb~ of mol" ofKMnO, ~~ -o~ 
COO- .= 6.8 X 10-3 

15. 

16. 

.. 6 mole KMn04 ;;;; 10 mole FeCZ0 4 Number of moles of H20 2 6.8 x 10-3 x 2.5 = 0.017 

-,',--1 mole FeE:10;fwill react with ~ moleofKMn04]' Mass of H20 2 0.017 x 34= 0.578 

The molecular mass of K2Cr20 7 is 294 amu. It acts as 

oxidising agent in a redox titration. Its equivalent mass in 
acid medium will be: 
(a) 294 (b) 49 (c) 147 (d) 74 
[Ans. (b)] 

+12 +6 
[Hint: K2CrP7+4HzS04-7 K2S04+Cr2(S04h+4HP+3[0] 

Change in oxidation number 6 

. Molecular mass 
EqUivalent mass = . 

6 
294 = 49] 

6 

In acid medium, both KMn04 and K2Cr207 act as oxjdising 

agents. Which among the following is correct about the 
oxidising behaviour? 

(a) KMn04 > K2Cr207 
(c) KMn04 = K2Cr207 
[A.as. (a)] . 

[Hint: 

(b) KMn04 < K2Cr207 
(d) Cannot be predicted 

+7 +} 

2KMn04 + 3H2S04 -7 KZS04 + 2MnS04 + 3Hp + 5[0] 

Change in oxidation number 10 
+12 ~6 

. K2Cr207 + 4H2S04 -7 K2S04 + Cr2(S04h + 4H20 + 3[0] 

Change in oxidation number = 6 ] 

19. 

20. 

0.578 
Mass % of H20 2 = -- x 100", 2.9] 

20. 

In an oxidation-reduction, MnO~ ion is converted to Mn 2 + , 

what is the number of equivalents ofKMn04 (mol. wt. 158) 
present in 250 mL of 0.04 MKMn04 solution? 

(a) 0.02 
~\ns. (b)] 

(b) 0.05 

: In redox-reaction: 

(c) 0.04 
(CPMT 20(8) 

(d) 0.07 

8H+ + Mn04" + 5e- ---7 Mn2+ + 4H20 

Change in oxidation state of Mn04 = (+ 7) - (+ 2) = + 5 

.. N KMn04 == MKMn04 X 5 
= 0.04 x 5= 0.20 

Number of equivalents = NV 0.2 x 250 = 0.05] 
1000 . 1000 . 

The strength of 10 volume ofH20 2 solution is : 

Ca) 10 
[Ans. (d)] 

(b) 68 (c) 60.70 
(AMU Engg. 2009) 

(d) 30.36 

[l1int: 10 volume HP2 means, 1 litre of HP2 will give 10 litre 

oxygen at STP, 

] 7. KMn04 reacts with oxalic acid according to the equation, 2HP2 ---7 2Hp + 02 
68 g 22.4 L at SIP 

2Mn04 + 5C20~- + 16H+ -+ 2Mn 2+ + IOC02 -+ SH20 

Here, 20 mL of 0.1 M K....rv1n0 4 is equivalent to: 
(a) 120 mL of 0.25 MH2C20 4 

(b) 150 mL of 0.1 MH2C20 4 

(c) 50 mL of 0.1 M H2C20 4 

.: 22.4 L 02 is obtained at STP from 68 g H20 2 

.. 10 L 0, is obtained at STP from 68, x 109 H20, 
22.4· -

30.36g 
Thus, strength ofH20 2 = 30.36 giL] 



926 G. R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 

1. Calculate the equivalent mass of underlined species: 
(i) Na ZS03 + Na2Ct04 ~ Na2S04 + Cr(OHh 

solution to neutralise it completely. Calculate the equivalent 
mass of the metal carbonate. 

13. 0.35 g of a metal was dissolved in 50 mL N-acid. The whole 
solution then required 20.85 mL of normal alkaline solution to 

(iii) 2Na2S20 3 + 12 -'-+ Na 2S40 6 + 2NaI neutralise the eXGess of the acid. Calculate the equivalent mass 
(iv) + IONO; + 4Ir' ~ ION02 + 2AsO~- + 3S of the metal. 

+ 2H20 14. ·2.650 g of anhydrous sodium carbonate are dissolved in water 
(v) H3P03 ~ H)P04 + PH3 and the solution mllde up to 500 mL. On titration 50 mL of this 
(vi) 5S0

2 
+ 2KMn04 + 2H20 ~ K

2
S04 + 2MnS04 solution neutralises 50' mL of a solution of sulphuric acid. 

-- . + 2H
2
S04 How much water should be added to 450 mL of this acid as to 

2. 12 mL of 0.25 N sulphuric acid is neutralised with 15 mL of make it exactly NIl2 ? 
sodium hydroxide' solution on' titration. Calculate the' 15. Two acids A and B areytrated separa.tely each time with 25 mL 
normality of sodium hydroxide solution. of N ~a2C03 solutIOn and ~eq~Ire 10 mL and 40 mL 

3.WfiatwilroeTIie-vorume~ofNIl(f:soliiuon~or-oxa11c· aeiir-'~ '" .. ~. . ....... respeGtrvely-fo~..complete.neutrah~atlOn . .what.\'Ol~me~of~~~ 
.------ ol:rnUned1:ryl:tissotvJ:TIgo31fOfol(aticacid?~----_~----.B...would.yo~to.pr.od1J.c.e~eJltre.ofnormal aCId solutIonC'c .. '--__ 

4. If 1.26 g of oxalic acid is dissolved in 250 mL of solution, find 16. 1.64
b

g of a mIxdture
l 
ofd~al5clOumLm carfbOosnaNteh andd mhlag~esI~md 

its normality. The equivalent mass of oxalic acid is 63. car onate were ISSO. ve m. o. y .roc one a~1 . 

( ) 50 mL fO 2 N KM ° 
. . d" It' 'd t" The excess of the aCId reqUired 16 mL NI4 sodIUm hydroXIde 5. a o. n 4 IS reqUire lor comp e e OXI a IOn , '... 

f 0 45 f h d I· 'd C lit th solutIOn for neutrahsatlOn. Fmd out the percentage o . g 0 an y rous oxa IC aCI, a cu a e e . . f .' f . 
I· f al' 'd l' . cOmposItIon 0 the mIxture 0 two carbonates. nom1a Ity 0 ox IC aCI so utlOn. 

(b) I~' th~ tit~atio~" ~f" i~~s with KMn04 in acid 17. 30 rnL'uf-NIlO"HCI'~e' required~ to'neutralise 50mLof-a 

d· h' d'l H SO d d d'l t HCI? sodIUm carbonate solutIon. How many mL.of water must. be 
me !Urn, w y IS 1 ute 2 4 use an not I u e, added to 30 mL of this solution so that the solution obtaiRed 

iCBSi' (\laim)WO~1 may have a concentration equal to N150? 
[Hint: The reaction involved in the titration is: 18. 2.65 g of diacidic base was dissolved in water and made up to 

lOFeS04 + 2KMn04 + 3H2S04 5Fez(S04h + K2S04 500 mL. 20 rnL of this solution completely neutralised 12 mL 
+ 2MnS04 + 3H20 of NI6 HC!. Find out the equivalent mass and molecular mass 

If HCI is taken in place of H2S04, then HCl will be oxidised to . of the base. 

C12·] 19. In a sarriple of sodium carbonate, some sodium sulphate is 
6. '30 mL of sodium carbonate solution is mixed with 20 mL of mixed. 2.50 g of this sample is dissolved and the volume made 

0,8 N sulphuric acid. The resultant solution needed 20 mL of up to 500 mL. 25 mL of this solution neutralises 20 rnL of 
0.7 N hydrochloric acid solution for complete neutralisation. NIlO sulphuric acid. Calculate the percentage of sodium 
Determine the strength of the sodium carbonate in gram per carbonate in the sample. , 
litre. (Take sodium carbonate to be anhydrous.) 20. Some amount of NH4Ci was boiled with 50 mL of 0.75 N 

7. 0.25 g of an oxalate salt was dissolved in 100 mL of water. 10 NaOH solution till the reaction was. complete. After the 
mL of this solution required 8 mL of N120 KMn04 for its completion of the reaction, 10 mL of 0.75 N H2S04 were 
oxidation. Calculate the percentage of oxalate in the salt. required for the neutralisation of the remaining .NaOH. 

8. 1.13 g of an ammonium sulphate were treated with 50 mL of Calculate the amount of NH4Cl taken. 
nonnal NaOH solution and boiled till no more ammonia. was 21. 25 rnL of a mixed 'solution of sodium carbonate and sodium 
given off. The excess of the alkali solution left over was bicarbonate required 10 mL of N120 HCl when titrated in the 
titrated with normal HzS04 • The volume required was 30 mL. presence of phenolphthalein but 25 mL of the same when 
Find out the percentage of NH3 in the salt. titrated separa.tely in presence of methyl orange required 

9. The normality of the mixture of HCl and HzS04 solution is ·25 mL of NIlO HC!. Catculate the amount of anhydrous 
N15. 0.287 g of AgCl is obtained wben 20 mL of this solution sodium carbonate and bicarbonate in grams per litre of the 
is treated with excess of AgN03. Calculate the percentage of solution. 
both the acids in the mixture. 22. 4 g of a mixture of NaCi and NazCO), were dissolved in wate"r 

10. 1.17 g of an impure sample of oxalic acid was dissolved and and volume made up to 250 mL. 15 mL of this solution 
made up to 200 mL with water. 10 mL of this solution in acid required 50 mL of Nil 0 HCI for complete neutralisation. 
medium required S.5· mL of a solution of potassium Calculate the percentage composition of the original mixture. 
permanganate containing 3.16 g per litre of oxidation. 23. 40 mL of a mixture of Na

2
C03 and NaOH when titrated 

Calculate the percentage purity of oxalic acid. against NIIO HCI, the end point with phenolphthalein was 
11. What amount of silver chloride will be obtained when 20 mL reached at 25 mL of HCl and at this stage methyl orange was 

N!20 HCl is made to react with excess of AgN03? added, the quantity of acid further required for second end 
12. 1.0 g carbonate of a metal was dissolved in 50 mL N!2 HCI point was 5 mL. Calculate the amount of Na2C03 and NaOH 

~olution. The resulting liquid required 25 mL of NI5 NaOH in gIL of the solution. 
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24.' Find out the percentage of oxalate in a given sample of an 36. 0.28 g of a commercial sample of K2Cr20 7 was dissolved in 
oxalate salt of which when 0.3 g were dissolved in 100 mL of water. Excess of Kl was added to it along with dilute H2S04 , 

water required 90 mL of NI20 KMn04 solution for complete Iodine liberated was then titrated against sodium thiosulphate 
oxidation. solution containing 24.82 g of Na 2S20 3 ·5H20 per litre. The 

25. A 1.0 g sample of H20 2 solution containing' x' per cent by thiosulphate solution required was 50 mL. Find the percentage 
weight requires x mL of a KMn04 solution for complete purity of the sample of K2Cr207' 
oxidation under acidic conditions. Calculate the normality of 37. A mixture containing KCI and NaCI was dissolved and total 
the KMn04 solution. halide was determined by titration with silver nitrate. A 

26. 25 g of a sample of ferrous sulphate was dissolved in water sample weighing 0.3250·g required 51 mL of 0.1 N solution. 
containing dilute H2S04 aad the volume made up to one litre. Calculate the percentage of each salt in the sample. 
25 mL of this solution required 20 mL of NIlO KJ:vln04 38. 1.355 g of pyrolusite sample are added to 50 mL of 1 N oxalic 
solution for complete oxidation. Calculate the percentage of acid solution containing sulphuric acid. After the reaction is 
FeS04 ·7H20 in the sample. completed, the contents are transferred to a measuring flask 

27. A sample of KCl is contaminated with NaCI. 4.176 g of the and the volume made up to 200 mL. 20 mL of this solution is 
sample is dissolved in distilled water and the solution is made titrated against KMn04 solution v'hose strength is 2 gIL and 
to 500 mL. 25 mL of the above solution required 27.50 mL of 31.6 mL of KMn04 solution are required. Calculate the 
.a~olution.of-sil\lel'.nitr.ate(nor.ffiality.faetoF-·Q+l~)·'t0-reaet·· ··percentagej3uritr'inthe-given-sampleofpyroiusite;···· 

_ ... _ ..... ~ ... __ c_omple.tcly.:withiLCakulateJ:he.percenta.ge...contarninatiolJ..Of-~-.39.-0.5 g of bleaclllilg--powEierwaS'suspended-irtWatelan-exeess:---
the sample. of Kl added. On acidifying with dilute H2S04 iodine was 

28. The saponification number of fat or oil is defined as the liberated which required 50 mL of NllO hyposolution. 
number of mg of KOH reguired to saponify 1 g oil or fat. A Calculate the percentage of available chlorine in bleaching' 
sample of peanut oil weighing 1.5763 g is added to 25 mL of powder. 
0.421 M KOH. After saponification is complete, 8.46 mL of 40 .. Calculate the number of oxalic acid molecules in 100 mL of 
0.2732 M H~S04 is needed to neutralise excess of KOH. 0.02 N oxalic acid solution. 
What is the saponification number of peanut oil? [M I' 0.02 . 

Hint: 0 anty = -- 0.01 M 
29. 500 mL of 2 M HCl, 100 mL of 2 M H2S04 and one gram . 2 

equivalent of monoacidic alkali are mixed together. 30 mL of No. of molecules in one molar solution 6.02 x 1023 

this solution required 20 mL of Na2C03' xH20 solution No. of molecules in 100 mL of 0.01 M oxalic acid solution 
obtained by dissolving 143 g Na2C03 ·xH20 in one litre 0.01 x 6.02 x 1023 x 100 = 6.02 x 1020 ] 

solution. Calculate the water of crystallisation of 1000 

Na 2C03 xH2o. .It. 1.26 g of a dibasic acid were dissolved in water and made up 
30. 1 g of the complex [Cr(H20)s CI]CI2 . H20 was passed through to 200 mL. 20 mL of this solution were completely neutralised 

a cation exchanger to produce HCl. The acid liberated was by 10 mL of NI5 qlUstic soda solution. Calculate the 
diluted to 1 litre. What is the normality of this acid solution? equivalent mass and molecular mass of the acid. 

31. 5.0 g of bleaching powder was suspended in water and volume 42. 3.0 g of a sample of impure ammonium chloride were boiled 
made up to half a litre .. 20 mL of this suspension when with excess of caustic soda solution. Ammonia gas so evolved 
acidified with acetic acid and treated with excess of Kl was passed into 120 mL of NI2 H2S04, 28 mL of NI2 NaOH 
solution liberated iodine which required 20 mL of a were required to neutralise residual acid. Calculate the percen-
decinormal hypo solution for titration. Cidculate percentage of tage of purity of the given sample of ammonium chloride. 
available chlorine in bleaching powder. (111' 1990) 

[Hint: (120 - 28) mL N f2 H2S04 92 mL N /2- NH4CI] 
32. To a solution of excess of K1 in dilute H2S04, 25 mL of an 

unknown solution ofKMn04 were added. The liberated iodine 43 .. 2.20 g of an ammonium salt were boiled with 75 mL of NNaOH 
was exactly reduced by 42.5 mL of NIlO Na2S203 solution. till the emission of ammonia gas ceased. The excess of unused 
Calculate the concentration of KMn04 solution. NaOH solution required 70 mL' of N12 sulphuric acid for 

33. In 20 inL of a solution of HCI, 3 g of CaC03 were dissolved, neutralisation. Calculate the percentage of ammonia in the salt. 
0.5 g of CaC03 being left undissolved. Find out the strength of 44. ~.45 g of a metallic carbonate were mixed with 240 mL of NI4 
this solution in terms of (i) normality and (ii) gIL. Find the .ICI. The excess acid was neutralised by 50 mL of NI5 K0,H 
volume ofthis acid which would be required to make llitre of,( ,Iution. Calculate the equivalent mass of the metal. 
normal solution of this acid. Hint: Equivalent mass of metal carbonate 

34. 1.0 litre of a solution contains 5.3 g of Na2C03 and 8 g of 3.45 x 4 x 1000 69 
NaOH. 20 mL of this solution are taken and titrated against 200 
N/IO HCI using separately (a) methyl orange as an indicator l.quivalent mass of metal = 69 Eq. mass of carbonate 
and (b) phenolphthalein as an indicator. What will be the titre (69 - 30) 39] 

values in these two cases? 45. 1 a) 2 g of a metal carbonate were dissolved in 50 mL of N 
35. To 20 mL of a copper solution after necessary treatment were HCI. 100 mL of 0.1 N NaOH were required to neutralise 

added excess of Kl and the liberated iodine required 11.2 mL the resultant solution. Calculate the equivalent mass of 
decinormal solution of hypo. Express the strength of the the metal carbonate. 
original solution in grams of copper per litre of the solution. (b) How much water should be added to 75 mL of3 N HCI to 

make it a normal solution? 
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46. Upon mixing 45.0 mL of 0.25' M lead nitrate' solution with 
25 mL of 0.1 M chromic sulphate solution, precipitation of 
lead sulphate takes place. How many moles of lead sulphate 
are formed? Also calculate the molar concentrations of the 
species left behind in the final solution. Assume that lead 
sulphate is completely insoluble. (lIT 1993) 
[Hint: The reaction is: 

3Pb(N03h + Cr2(S04h 3PbS04 + 2Cr(N03h 
3 mole 1 mole 3mo!. 2 mole 

No. of moles ofPb(N03h 45 X 10-3 X 0.25 

11.25 X 10-3 mole 

. No. of moles ofCr2(S04)3::= 25 X 10-3 X 0.1= 2.5 X 10-3 mole 

Thus, Cr2(S04h has limiting concentration. It shall be consumed 
fully and the number of moles' of lead sulphate produced will be 

= 3 X 2.5 X 10-3 7.5 X 10-3 mole 

. No._ofmolesDfJeadJUtrate left .""lU~)~JO':::_=I,) )(JO~3 

Total volume = (45.0 + 25.0) = 70 mL or 70 x 10-3 litre 

Molarity= 3.75 x 10-
3 

0.0536 M 
70x 

No. ofm~les ofCr(N03h formed =2X2.5)(1~-3~ 5 x W-3 mole 

. 5 X 10-3 

MolarIty == = 0.0714 M 
70x 

Pb(N03h and Cr(N03h will be present in solution in ionic.form. 

Thus, [Pb2+] = 0.0536 M 

[Cr3+] = 0.0714 M 

[NO;] = (ix 0.0536) + (3 x 0.0714) 

= 0.3214 M] 

47. A sample of hydrazine sulphate (N2H6S04) were dissolved in 
250 mL of water. 10 mL of this solution was reacted with 
excess of ferric chloride. solution and warmed to cOJl1plete the 
reaction. Ferrous ions formed were estimated and it required 
10 mL of 0.04 M potassium permanganate solution. Estimate 
the amount of hydrazine sulphate dissolved in 250 mL of the 
solution. Reactions: 

4Fe3+ + N2H4 ~ N2 + + 4H + 

MnO:;: + 5Fe2+ + SH+ ~ Mn 2+ + 5Fe3+ + 4H20 

(MLNR 1993) 

[Hint: See example 50J . 
48. In an ore the only oxidisable material is Sn 2+. This ore is 

titrated with a dichromate solution containing 2.5 g K2Cr20 7 
in 0.50 litre. A 0.40 g of sample of the ore required 10.0 cm3 

of the titrant· to reach equivalent point. Calculate the 
percentage of tin in ore. (K = 39.1 , Cr = 52 , Sn IIS.7) 

(liT 19(3) 
[Hint: Mol. mass of KZCrl07 = 2 x 39.1 + 2 x 52 + 7 x 16 

7S.2 + 104.0 + 112.0 

294.2 

294.2 
mass of K 2Cr20 7 = 6 = 49.03 

25 WOO 5 
Normality of K?Cr,07 solution = . x -- = N 

- - 49.03 500 49.03 

5 . 5' . 
10 mL N K,Cr,07 == 10 mL -- N stannous ion 

49.03 - - 49.03 

Eq. mass of Sn2 + 118.7 = 59.35 
2 

A f S . h 1 5 59.35 0 mount 0 n m t e samp e = x x 1 
. 49.03 1000 

= 0.0605 g 

f 
. h 0.0605 . 

Percentage 0 Sn 1ll t e ore = -- x 100 = 51] 
. Q~ 

49. 2.26 g of impure ammonium chloride were boiled with 100 
mL of NNaOH solution till no more ammonia was given off. 
The excess of NaOH solution left over required 30 mL 2 N 
H2S04 for neutralisation. Calculate the percentage purity of 
the salt. 
(H 1; N = 14; ° = 16; Na 23; S = 32; CI = 35.5) 

.. ~Q, . M~~alliC:.Jinin the.Q~~~[lce _~LH.CI_i.s. oxi,<.lise<:l .. .by K2S::..!i2..~_ 
solution. to stannic chloride. What volume of decinormal 

g 
(MLNR 1994) 

[Hint: 

3Sn + 2K1Cr20 7 + 28HCI----7 3SnCl4 + 4KCl + 4CrC13 
3x118.7 g lxl94 g 

.+J4HP_ 

. x 294 
K1Cr10 7 reqUIred for 1 g of Sn = =1.65 g] 

3 x 118.7 

51. A 0.5 g sample containing Mn02 is treated with HClliberating 
C12 . The Cil is passed into a solution of Kl and 30.0 cm3 of 0.1 
M Na1S203 are requjred to titrate the liberated iodine. 
Calculate the percentage of Mn02 in the sample. (liT 1994) 

[Hint: 30.0 mL 0.1 MNa2S203 30.0 mL 0.1 N Na2S203 

== 30.0 mL 0.1 N 12 
== 30.0 mL 0.1 N CI2 

== 30.0 rnL 0.1 N MnOz 
. NxExV 

Amount of MnO, present::: ----
- 1000 
1 87 30 x-x 

10 2 1000 

.% MnOz = 87x 30 x 100 = 26.1] 
10 x2 x 1000 x 0.5 

52. 3.2 g of a mixture of calcium carbonate and sodium chloride 
was dissolved in 100 mL of 1.02 N HCl. After the reaction the 
solution was filtered and after separating the precipitate the 
volume was raised to 200 mL. 20 mL of this solution required 
25 mL NI5 caustic soda solution for neutralisation. Find out 
the percentage of calcium carbonate in the mixture. 

53. 4 g of a mixture of Na 2S04 and anhydrous Na2C03 were 
dissolved in pure water and volume made up to 250 mL. 20 
mL of this solution required 25 mL of NI5 H2S04 for complete 
neutralisation. Calculate the percentage composition of the 
mixture. 

54. A 1.2 g mixture of Na2CO} and K2C03 was dissolved in 
water to form 100 cm3 of a solution. 20 cm3 of this solution 
required 40 cm3 of 0.1 N HCI for neutralisation. Calculate the 
mass of Na 2C03 and K 2C03 in the mixture. (IlT 1997) 

55. One litre of a mixture of O2 and 0 3 at NTP was allowed to 
react with an excess of acidified solution of Kl. The iodine 



VOLUMETRIC ANALYSIS 929 

liberated required 40 mL of MIlO sodium thiosulphate 
solution for titration. What is the weight per cent of ozone in 
the mixture? Ultraviolet radiation of wavelength 300 nm can 
decompose ozone. Assuming that one photon can decompose 
one ozone molecule, how many photons would have been 
required for the complete decomposition of ozone in the 
original mixture? 

[Hint: Let the total moles of 02 and 0 3 in the mixture be 11. 

Applying PV nRT 

I x I = n x 0.0821 x 273 

11 = 0.044 mole 

Moles of 0 3 = moles of 12 112 moles of Na2SZ03 
I 1: 40 

x - x -- 0.002 moles 
2 . 10 1000 

Moles of 02 in the mixture 0.044 - 0.002 = 0.042 moles 

Mass of 0.042 x 32 = 1.344 
-- - --------_ .. 

No. of moles ofNaoSz03 required for 0.10 moles ofKI03 - . 214 

12 0.10 0.60 
x--= 

2 214 214 

Molarity of Na
2
S

Z
0

3 
0.6 x 1000 = 0.0623 M] 
214 45 

60. Gastric juice contains 3 g pf HCl per litre. If a person produces 
2.5 litre of gastric juice per day, how many antacid tablets 
each containing 400 mL of Al(OHh are needed to neutralise 
all the HCI produced in one day? 

61. Zinc can be determined volumetrically by the precipitation 
reactions. 

3Zn 2+ + 2K4[Fe(CN)6] -----7 K2Zn3[Fe(CN)6] + 6K+ 

A sample of Zn ore weighing 1.5432 g was prepared for 
reaction and required 34.68 mL of 0.1043 M K4 [Fe(CN)6]for 
titration; What is-percentage oh:inc in the ore?-···· 

Mass of 93 0.002 x 48 = g 

% 0
3 

= 0.096 xiOO = 6.67 
1.44 

---.. ·~~;--A-mix1tife-t)~<tzill3si7lut:ion-feqttlfed-l-5--mb-4 

56. 

57. 

58. 

No. of photons required to decompose 0.002 moles of ozone 

= 0.002 x 6.02 x 1023 1.204 X 1021
] 

20 mL of a solution containing 0.2 g of impure sample of 
H20z reacts with 0.316 g of KMn04 (acidic). Calculate: 
(a) Purity of H20z 
(b) Volume of dry 02 evolved at 27° C and 750 mm pressure. 
Five gram of copper alloy was dissolved in one litre of dilute 
H2S04 , 20 mL of this solution was titrated iodometrically and 
it required 20 mL of a hypo solution. 20 mL of K 2Cr20 7 which 
contained 2.4 g per litre, in presence of H2S04 and excess of 
KI, required 30 mL of the same hypo solution. Calculate the % 
purity of copper in the alloy. 
How many millilitres of 0.5 M H2S04 are needed to dissolve 
0.5 g of copper (II) carbonate? 

[Hint: NIVI N 2V2 

N I = Normality of H2S04 = 0.5 x 2 IN 

VI = Vol. of H2S04 

N 2= Normality of copper (II) carbonate = 0.5 x:1 N 
123.5 

V 2 

Thus, 

or 

Volume of copper (II) carbonate = 1000 mL 
0.5 x 2 

1.0 X VI = -- x 1000 
123.5 

VI = 8.09 mLJ 
59. An aqueous solution containing 0.10 g KI03 (formula weight 

214.0) was treated with an excess of KI solution. The 
solution was acidified with HC!. The liberated iodine 
consumed 45.0 mL of thiosulphate solution to decolourise the 

. blue starch-iodine complex. Calculate the molarity of the 
sodium thiosulphate solution. 

IHin!: 2KI03 + lOKI + 12HCl ...,.----712KCI + 612 + 6HzO 

2KI03 + lOKI + 
2 moles 12 moles 

0.10 
No. of moles of KI03 = --

214 

+ 12HCI ----712KCI + 12NaI 

, N 120 HCI using phenolphthalein as indicator. The same 
amount of alkali mixture when titrated using methyl orange as 
indicator required 25 mL of same acid. Calculate amount of 
KOH and Na2C03 present in solution. 

63. 1000 mL 02 at NTP was passed through Sie!11en's ozonizer so 
thaI the volume is reduced to 888 ItiL' at"'Same'" c\:5ndirf<yn:
Ozonized oxygen is passed through KI solution. Liberated 12 
was titrated with 0.05 N hypo. Calculate volume of hypo used. 

64. 30 mL ofK2Cr2071iberated iodine from KI solution when the 
iodinc was titrated with hypo solution (N 120), the titre value 
was 45 mL. Find the concentration of K2Cr20 7 in g per litre. 

65. Excess of KI and diL H2S04 were mixed in 50 mL H2Q2' The 
liberated 12 required 20 mL of 0.1 N Na2S20 3 . Find out the 
strength of HzOz in g per litre. 

66. 25 mL H20 2 were added to excess of acidified solution of KI. 
The iodine so liberated required 20 mL of 0.1 N sodium 
thiosulphate for titration. Calculate the strength in terms of 
normality, percentage and volume .. 

67. Cl2 gas can be produced in the lab by the reaction, 
K2Cr207 + 14HCI ~ 2KCl + 2CrCl 3 + 7H20 + 3Cl2 

If a 6.13 g sample that is 96% K2Cr20 7 is allowed to react 
with 320 mL of HCl solution having density 1.15 glmL and 
containing 30% by mass of HCl, what mass of Cl2 is 
generated? 

68. What is the weight in gram cf available 0, per litre from a 
solution of Hz02' 10 mL of which when titrated with N120 
KMn04 solution required 25 mL for the reaction? 
2KMn04 + 5H20 z + 4H2S04 ~ 

502 + 8H20 + 2KHS04 + 2MnS04 
69. A quantity of KMn04 was boiled with HCl and the gas 

evolved was led into a solution of KI. When the reaction was 
complete, the 12 liberated was titrated with a solution of hypo 
containing 124 g of NaZS203 ·5H20per litre. It was found that 
exactly 60 mL were required to decolourise the solution ofI2. 
What weight of KMn04 was used? 

70. 0.5 g of a sample of bleaching powder was suspended in Water 
and excess KI is added. On acidifying with dil. H2S0i!,12 was 
liberated which required 50 mL of NI10 hypo 
(Na2S20 3 ·5H20). Calculate the percentage of available Cl2 in 
bleaching powder. 
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72. 
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1.2 gof a sample of CaOC12 were suspended in water made up 
to 100 mL. 25 mL of this solution was treated with KI and the 
12 liberated corresponded to 10 mL of N125 hypo. Calculate 
the percentage of Cl2 available in CaOClz' 
1.6 g of pyrolusite was treated with 60 mL of normal oxalic 
acid and some H2S04, The oxalic acid left undecomposed was 
made up to 250 mL, 25 mL of this solution required 32 mL of 
O. I N potassium permanganate (KMn04). Calculate the 

Milli equiv. of K 2CrZ0 7 after reduction 27.4 x 0.1 = 2.740 
Milli equiv. of K 2CrZ0 7 before reduction 17.96 x 0.1 1.796 
Milli equiv. of Fez(S04)3 in 20 mL = 0.944 
Milli equiv. ofFeS04 in 20 mL 1.796 

_ 1.796 
FeS04 (gL I) = -- x Eq. mass x 40 

1000 

1.796 x 152 x 40 = 10.92 

percentage of pure MnOz in pyrolusite. 0.944 
A sample of pyrolusite weighing 0.5 g is distilled with cone. Fe,(S04)3 (gL-1 

) = x Eq. mass x 40 

1000 

~ - 1000 
HCI. The evolved Cl z when passed through a solution of KI 0 944 
liberates sufficient 10_ to react with 125 mL of N1l2.5 hypo = ~ x 200 x 40 = 7.55] 

1000 . 
(Na 2S20 3 ·5HzO). Calculate the percentage of Mn02 in 77. 3.0 g of pyrolusite ore wel'e treated with 20 g of pure ferrous 

pyrolusite. ammonium sulphate (Mol. mass = 392 g mol-l) and dilute 
74. The iodide content of a solution was determined by titration H2S0

4
, After the reaction, the solution was diluted to 500 mL. 

with sodium thiosulphate crystalline containing 11.2% 50 mL of diluted solution required 10 mL of 0.1 N KZCr207 
lmpiirlty~ CafciiTatethenormalTt)""onodiile'\on" soIiitionin .. soliiti()li~-Calciilafe·tfie-%ofriurelvfri.u;ln-pyr01usrte: ...-.... ----". 

·'---"---250 niL of the iodide solutIOn requi.fe(l'ZO!i1Ll1Yp0"T42g---- --[Hint:'NfriOz present lnpyrolUsiteOXioisesferrOlis ammomurh 

75. 

76. 

hypo is dissolved in 1 litre). 

The formula weight of an acid is 82. In a titration, roo cm3 of a 
solution of this acid containing 39.0 g of the acid per litre were 
completely neutralised by 95.0 cm3 of aqueous NaOH 
containing.40.0 g of NaOB perJitre. What is the l>asicity of the 
acid? 201}(l, 

[Hint: Normality of NaOH I 

1· f' 'd 1 x 95 095 Nonna Ity 0 aCl = = . 

Let theeq. mass of the acid be E. 
39 
- = 0.95 or E = 41 , 
E 

100 

Basicity 82 = 2} 
41 

20 mL of a solution containing ferrous sulphate and ferric 
sulphate acidified with H2S04 is reduced by metallic zinc. The 
solution required 27.4 mL of OJ N solution of K2Cr207 for 
oxidation. However before reduction with zinc, 20 mL of same 
solution required 17.96 mL of same K2Cr20 7. Calculate the 
mass of FeS04 and Fe2(S04h per litre of the solution. 
[Hint: After reduction Fez (S04 h is also reduced to FeS04 and 
titration gives total concentration of FeS04 and Fe2(S04h. 
Titration before reduction gives only FeS04 . 

sulphate into ferric ammonium sulphate, j.e., Fe2 + ----t Fe3+. 

Umeacted ferrous ammonium sulphate is estimated by potassium 
dichromate solution. 

Mn02 + 

Cr20~- + 6Fe2+ + 14H+ ----t 2Cr3+ + 7HzC) + 6Fe3+ 

50 mL diluted ferrous ammonium sulphate solution 

10 mL of 0.1 N K1CrZ07 
500 mL <;Iiluted ferrous ammonium sulphate.solution 

10 x 10 mL of 0.1 N K1Cr207 
= 100 mL of 0.1 N FeAS 

0.1 x 392 x 100 = 3.92 
1000 g 

Used FeAS = (20 3.92) 16.08 g 
87 

Mn02 present in pyrolusite --- x 16.08 = 1.784 g 
392 x 2 

1.784 
Percentage of pure MnO) = -- x 100 = 59.4% 1 

. - 3.0 
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[ .. ,4~. 
1. (i) 54; (ii) 52.66; (iii) 158; (iv) M.wJI0; (v) 41; (vi) 32 '34. With phenolphthalein 50 mL, with methyl orange 60 mL 
2. 0.2N 3. lOL 4. 0.08 N· 35. 3.528 gIL 36. 87.5% 
5. (a) 0.2 N 6. 45 gIL 7. 70.4% 37. NaCI 61.81 %; KCl 38.19% 38. . 96.31% 

8. 30% 39. 35.5% 41. 63,126 42. 82% 
9. f!CI =42.69, H2S04 =57.31 10. 91.54% 43. 30.90 45. (a) 50, (b) 150 mL 

11. 0.1435 g 12. 50.0 13. 12 47. 1.625 g 49. 94.7% . so. 337 mL 
14. Vol. of water = 225 mL 52. 81.25% 
15. VoL of A = 200 mL, Vol. of B'= 800 mL 53. Na2COJ 82.8%; Na2S04 = 17.2% 
16. CaC03 48.78%, MgC03 =51.22% 54. Na2COJ 0.5962; K 2C03 = 0.6038 
17. 60mL 18. 53,106 19 .. Na2C03 84.8% 56. %H20 2 85; Vol. 02 = 124.79 mL 
20. 1.605 g 21. Na2C03 = 2.12 gIL, NaHC03 0.84 gIL 57. 41.52% 60. 14 61. 22.85 
22. NaCI 33.75%, Na2C03 = 66.25% 62. 0.053 g; KOH = 0.014 g 
23. NaOH ~:9g;:L2...N~2~Q3 = 63. 64. 3.675$ 65. 0.68 

,~------. ----_. 

24. 66% 25. 0.6N 0.448 
percentage g 

28. 209.8 29. IOH2O 30. 0.0075 N 70. 35.5% 71. 72. 76.125% 

31. 35.5% 32. 5.372 gIL 33. 91.25 gIL, 2.5 N, 400 mL 73. 87% 74. 77. 59.4% 
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Set-1 : Questions with single correct answer 

1. A normal solution: 
(a) contains one gram equivalent mass of the substance in one 

litre solution 
(b) contains one gram molecular mass of the substance in one 

litre solution 
(c) contains one gram equivalent mass of the substance in 100 

mL of the solution 
(d) is that whose concentration is known 

2. Which one of the following is a standard solution? 
(a) It contains one gram equivalent mass of the substance in 

one litre solution 
accurately known 

to 
(d) A solution which has been prepared from pure substance 

3. The molecular mass of H,POJ is 82. Its equivalent mass, if it is 
completely neutralised, is: 
(a) 82 (b) 27.3 (c) 41 (d) 246 

4. The molecular mass of Mohr's salt FeS0-l(NH4hS04' 6H20, is 
392. Its equivalent mass is: 
Ca) 196 (b) 39.2 (c) 98.0 (d) 392 

5.' According to the following equation, 
K2Cr207 + 4H2S04 ---7 K2S04 + Cr2(S04h + 4H20 + 3[0] 

the equivalent mass of K 2CrZ0 7 is: 
(a) mol. mass/3 (b) mol. mass/6 
(c) mol. mass (d) mol. massll2 

6. Amount of oxalic acid required to prepare 250 mL of Nil 0 
solution (Mol. mass of oxalic acid = 126) is: 
(a) 1.5759 g (b) 3.15 g (c) 15.75 g (d) 63.0 g 

7. Normality of 2% H2S04 solution by volume is nearly: 
Ca) 2 (b) 4 (c) 0.2 (d) 0.4 

8. The molecular mass of KMn04 is M. Its equivalent mass in 
acidic medium wi}! be: 
(a) M (b) MI2 (c) MI5 (d) MI4 

9. When K.i\1n04 is reduced with oxalic acid in acidic medium, 
the oxidation number of Mn changes from: 
(a) 7 to 4 (b) 6 to 4 (cl 7 to 2 (d) 4 to 2 

10. For the half cell reaction, 

2Br0:3 + 12H + + 10e ---7 Brz + 6H20 

the equivalent mass of sodium bromate is: 
(a) equal to its mol. mass (b) 1/3 of its mol. mass 
(c) 1/6 of its mol. mass (d) liS of its mol. mass 

11. In the reaction, 

12 + 2S20~- ---721- + S40~-

equivalent mass of iodine is: 
Ca) equal to its molecular mass 
(b) 112 the molecular mass 
(c) 114 the molecular mass 
(d) twice the molecular mass 

12. A molal solution is one that contains one mole of the solute in: 
(a) 1000 g of the solvent (b) one litre of the solvent 
(c) one litre of the solution (d) 22.4 litre of the solvent 

13. In alkaline conditions, KMn04 reacts as follows, 

2KMn04 + 2KOH 2K:!Mn04 + H20 + [0] 

Therefore. its equivalent mass will be: 
(a) 31.6 (b) 52.7 (c) 72.0 (d) 158.0 

14. 0.1 N solution of Na2C03 is being titrated with 0.1 N HCl, the 
best indicator to be used is: 
(a) potassium ferricyanide (b) phenolphthalein 
(c) methyl orange (d) litmus 

15. For the preparation of a litre of NIIO solution of H2S04, we 
need: 

16. Molecular mass of 1\ tribasic acid is M. Its equivalent mass 
will be: 
(a) M/3 (b) 3 M (c) M12 (d) 2 M 

17. A solution contammg ions is titrated with KMn04 
solution. Indicator used will be: 
(a) phenolphthalein (b) methyl orange 
(c) litmus (d) none of these 

18. If 200 mL of NIIO HCl were added to I g calcium carbonate, 
what would remain after the reaction? 

l~~C~ MHCl 
(c) Neither of the t*io (d) Part of both 

19. How many mL of. 1. M H2S04 acid solution is required to 
neutralise 10 mL of 1 M NaOH? 
(a) 5 mL (b) 2.5 mL 
(c) 10 mL (d) 20 mL 

20. 200 mL on N Hei were mixed with 200 mL of 6 N H2S04 
solution. The final normality of H2S04 in the resultant 
solution will be':' 

(a) 9 N (b) 3 N (c) 6 N (d) 2 N 

21. The volume of water to be added to 400 mL of NI8 HCl to 

22. 

23. 

24. 

25. 

make it exactly N1l2, is: 
(a) 400 mL (b) 300 mL 
(c) 200 mL (d) 100 mL 

100 mL of 0.3 N HCi were mixed with 200 mL of 0.6 N 
H2S04 solution. The final normality of acid was: 
(a) 0.4 N (b) 0.5 N (c) 0.6 N (d) 0.9 N 

The M mass of NaOH is 40.50 mL of a solution containing 2 g 
of NaOH in 500 mL will require for complete neutralisation: 
(a) 10 mL decinormal Hel (b) 20 mL decinormal Hel 
(c) 50 mL decinormal Hel (d) 25 mL decinormal Hel 
50 g of a sample of NaOH required for complete 
neutralisation, I litre N HCL What is the percentage purity of 
NaOH? 
(a) 80 (b) 70 (c) 60 (d) 50 

Weight of iodine required to oxidise 500 mL N Na2S20 3 
solution, is: 
(a) 6.35 g (b) 63.5 g (c) 127 g (d) 254 g .' 
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26. 25 mL N K2Cr207 acidified solution will liberate. : . iodine 
from KI solution. 
(a) 0.3175 g (b) 3.175 g (c) 31.75 g Cd) 317.5 g 

27. The indicator used in iodometric titrations is: 
(a) phenolphthalein (b) litmus 
(c) potassium iodide (d) starch 

28. Which of the following acids is added in the titration of oxalic 
acid and potassium permanganate? 
ea) HN03 (b) HCI 
(c) CH3COOH Cd) H2S04 

29. In the titration of K2Cr207 iodometrically, near the end point 
the colour of the solution becomes: 
(a) green (b) red (c) yellow (d) blue 

30. In the titration of ferrous ammonium sulphate and potassium 
dichromate, the external indicator used is: 
~ta}KGNS· -(b).NH.tCNS~~~ 

··-;·----(c0-K3Fe-fGNJo-----(.dJ-K¢Ee(CNJe.--~--

31. 0.1 N solution of a dibasic acid can be prepared by dissolving 
0.45 g of the acid in water and diluting to 100 mL. The 
molecular mass of the acid is: 
ea) 45 (b) 90 (c) 135 (d) 180 

32. 100 mL of 0.2 N HCl solution is added to 100 mL of 0.2 N 
AgN03 solution. The molarity of nitrate ions in the resulting 
mixture will be: 
(a) 0.05 M (b) 0.5 M (c) 0.1 M (d) 0.2 M 

33. In an experiment, 20 mL of a decinormal HCI solution was 
added to 15 mL of a decinormal AgN03 solution. AgCI was 
precipitated out and excess of acid was titrated with N120 
NaOH solution. The volume of NaOH required was: 
(a) 10 mL (b) 20 mL (c) 30 mL (d) 5 mL 

34. Iodine solution is prepared by dissolving iodine in: 
(a) NaOH (b) Na 2C03 (c) H20 (d) Kl 

35. Which one of the following is not a primary standard? 
(a) Oxalic acid (b) Sodium thiosulphate 
(c) Sodium hydroxide (d) Potassium dichromate 

36. Which one of the following is a primary standard? 
(a) KMn04 (b) CuS04' 5H20 
(c) 12 (d) H2S04 

37. When 10 mL of 10 M solution of H2S04 and 100 mL of 1 M 
solution of NaOH are mixed, the resulting solution will be: 
(a) acidic (b) neutral 
(c) alkaline Cd) cannot be predicted 

38.' 1.0 g of a metal carbonate neutralises 200 mL of 0.1 N HC!. 
The equivalent mass of the metal will be: 
(a) 50 (b) 40 (c) 20 (d) 100 

39. The normality of a 26% mass/volume solution of ammonia 
(density 0.885 g/mL) is approximately: 
(a) 1.5 (b) 4.0 (c) 0.4 (d) 15.3 

40. The mc:larity of pure water is: 
(a) 18 M (b) 50.0 M (c) 55.6 M Cd) 100 M 

41. 5.0 g of H20 Z is present in 100 mL of the solution. The 
molecular mass of H20 Z is 34. The molarity of the solution is: 
(a) 1.5 M (b) 0.15 M (c) 3.0 M (d) 50 M 

42. 2 N solution of sodium carbonate is equivalent to a solution of 
strength: 

(a) 106 g per 100 mL (b) 53 g per 100 mL 
(c) 10.6 g per 100 mL (d) 5.3 g per 100 mL 

43. Which one of these solutions has the highest normality? 
(a) 8 g KOH per 100 mL (b) 0.5 M H2S04 

(c) 6 g of NaOH per 100 mL (d) N H3P04 
44 .. 1 g of a metal required 50 mL of 0.5 N HCl to dissolve it. The 

equivalent mass of the metal is: 
(a) 25 (b) 50 (c) 20 (d) 40 

45. What volume of CO2 at NTP will be liberated by the action of 
100 mL of 0.2 N HCI on CaC03? 
(a) 112 mL (b) 224 mL (c) 448 mL (d) 120 mL 

46. The equivalent mass of phosphoric acid (H3P04) is 49. It 
behaves as ... acid. 
(a) monobasic (b) dibasic 
(c) tribasic (d) tetrabasic 

-47. The-normality of. H)%( mass/volume.)·aceticacid.is.: ... _ .. -_ .. ---... _ 
.. - ---fa}-l-AL----(b}-lO-N.---(c).-l.."7.AL-----{d)...O.R1..N-__ _ 

48. Equivalent mass of KMn04 > when it is converted to MnS04> 
is: 
Ca) MIS (b) MI3 (c) MI6 (d) M/2 

49.. How many grams of CH30H would have to be added to water 
to prepare 150 mL of a solution that is 2.0 M CH30H? 

(a) 9.6 (b) 2.4 (c) 9.6 X 103 (d) 4.3 x 102 

50. On dissolving 1 mole of each of the following acids in one 
litre water, the acid which does not give a solution of strength 
1 N is: 
(a) HCI (b) HCI04 (c) HN03 (d) H3P04 

51. 0.16 g a dibasic acid required 25 mL of decinormal NaOH 
solution for complete neutralisation. The molecular mass of 
the acid is: r 

. (a) 32 (b) 64 (c) 128 (d) 256 

52 •. 5 mL of N HCI, 20 mL of NI2 H2S04 and 30 mL of NI3 HN03 
are mixed together and volume made to one litre. The 
normality of the resulting solution is: (', 
(a) NI5 (b) NllO 
(c) NI20 Cd) NI40 . 

53. The equivalent mass of MnS04 is half its· molecular mass 
when it is converted to: 
(a)MI1 20 3 (b) Mn02 

(c) MnO;;: (d) MnO~-

54. For the redox reaction, 

MnO:; + C20~- + H+ ----7 Mn 2+ + CO2 + H20 

the correct coefficients of the reactants for the balanced 
reaction are: ;1'·· 

MnO:; C20~- H+ 

(a) 2 5 16 
(b) 16 5 2 
(c) 5 16 2 
(d) 2 16 5 

55. 100 mL solution consists 4 g caustic soda. The normality of 
the solution is: : ;', l' . ' 
(a) 1.0 (b) 0.1 (c) 0.5 (d) 4.0 
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56. The amount of a caustic soda required for complete 
neutralisation of 100 ·mLO.l N HCI is: ' :. 'l T :', n'l 1"'/ j 

(a) 4.0g (b) 0.04 g (c) 0.4 g (d) 2.0 g 

57. What volume of NI2 arId NllO HCl should be taken in order to 
make a 2 litre solution of NI5 strength? 
(a) 0.5 litre N/2 HCI and 1.5 litre of NllO HCI 
(b) 1 litre NI2 HCI and 1 litre N/10 HCI 
(c) 1.5 litre NI2 HCI and 0.5 litre NIlO HCI 
(d) 0.7 litre N12 HCI arId 1.3 litre NIlO HCI 

58. The molar concentration of the chloride ion in the solution 
obtained by mixing 300 mL of 3.0 M NaCI and 200 mL of 
4.0 M solution of BaCl2 is: 
(a) 1.6 M (b) 1.8 M (c) 5.0 M (d) 0.5 M 

69. The number of moles of KMn04 that will need to react 
completely with one mole of ferrous oxalate in acidic solution 
is: 
(a) -2/5 (b) 315 (c) 4/5 (d) 1 

70. The number of moles of KMn04 that will be needed to react 
with, one mole of sulphite ion in acidic solution is: 

(a) 2/5 (b} 3/5 (c) 4/5 (d) 1 

71. The equivalent weight of KI03 in the reaction, 

2Cr(OHh + OW + KI03 --:-' 2CrO~- +5H20+ KI is: 

(a) molecular weight' 
molecular weight 

(b) . 

59. The normality of 0.3 M phosphorous acid (H3P03) is: molecular weight moiecular weight 
(c) (d) -----

3 

{a)J).L ... ~.~ .. ~ .. (b)..O.9_..... ..{c}~.o.3 •......... 'd) .. O.6 ... ........ .... .6 . 
. _ _Jo..A-lQO_mLs.o1ution_of._o.LN-llCl-was-titI"ated-wifu~2N---.]~~.-:[Il . .!E:e reactl()n. 2- -- --=--~. -2='--'--' - .... -~ .... -

NaOB solution. The titration was discontinued after adding 30 12 + 2S20 3 --:-,21 + S40 6 

mL of NaOH solution. The titration was completed bl adding equivalent weight of iodine wUl be equal to: 
0.25 N KOH solution. The volume of KOH required Jor ! P\i ! !:,-. I' \ . nil" 

completing the titration is: ( i; (a) 4/6 of molecular weight 
(a) 70 mL (b) 32 mL (c) 35 mL (d) 16 mL (b) molecular weight 

61. An aqueous solution of 6.3 g of oxalic acid dihydrate is made .. (c) 2/9 of molecular weight 
up to 250 mL. The volume of 0.1 N NaOH required to (d) twice the molecular weight, 
completely neutralise 10 niL of this solution is: i; 1 : , , 73. The volume of a concentrated H

2
S04, mixed with 0.5 N KOH 

(a) 40mL (b) 20mL (c) lOmL (d) 4mL' to prepare 150cm3 0fO.2NKOH.Solutionis:.,r;:':TT-:'i1:\.n 

62. In order to prepare one litre normal solution of KMn04 , how (a) 50 cm 3 (b) 60 cm3 (e) 70 cm3 (d) 80 cm 3 

many grams of KMn04 .are required if the solution is' to be 74. For the decolorisation of 1 mole of KMnO 4' the number of 
used in acid medium for oxidation? ! "" i . " \ . moles of H

2
0

2 
required is: ( \ If, \ r >' ., 

(a) 158 g (b) 31.6 g (c) 62 g Cd) 790 g Ca) 1/2 (b) .3/2 (c) 512 Cd) 7/2 
63. 3 g of an oxide of a metal is converted to chloride completely 

. and it yielded 5 g of chloride. Equivalent weight of the metal 
is: 
(a) 33.25 (b) 3.325 (c) 12 (d) 20 

64. Phosphoric acid H3Pb4 can be neutralised to: 

(a) HPO~- (b) PO~- (c) H2PO;; (d) HPO~-

65. 'a' g KHC20 4 required to reduce 100 mL of 0.02 M KMn04 
in acid medium and 'b' g KHC20 4 neutralises 100 mL of 0.05 
M Ca(OHh then: 
(a) a = b (b) 2a b 
(c) a 2b (d) none of these 

66. Which of the following statements is lare true about H3P02? 
(a) It is a tribasic acid 
(b) One mole of it is neutralised by 0.5 mole of Ca(OHh 
(c) NaH2P02 is acidic salt 
(d) It disproportionates to H3P03 and PH3 on heating 

67. Mixture of 1 mole BaF2 and 2 mole H2S04 can be neutralised 
by: 
(a) I mole KOH (b) 2 mole Ca(OHh 
(c) 4 mole NaOH (d) 2 mole,KOH 

68. 28 NO; + 3As2S3 + 4H20 ~ 6AsO~- + 28NO + 9S0~- + 8H+. 
What will be the equivalent mass of As'lS3 in above reaction? 

(a) M. wt. (b) M. wt. (c) M. wt. (d) M. wt. 
2 . 4 24 28 

l!' The product of oxidation ofr-with MnO;; in alkaline medium 7;, . 
js: .' 
(a) 103. (c) 10- (d) 10;; 

76. Volume of 0.1 M K2Cr207 required to oxidise 35 mL of 0.5 
M FeS04 solution is: : ': :'''l;l.; 
(a) 29.2 mL tb) 17.5 mL 
(c) 175 mL (d) 145 mL 

77. A commercial sample of H20 2 is labelled 10 volume. Its 
percentage strength is nearly: ' 
(a) 1% (b) 3% (c) 10% (d) 90% . 

78. 50 mL of 10 N H2S04 , 25 mL of 12 N HC! arId 40 mL of 5 N 
HN03 are mixed and the volume of the mixture is made 1000 
mL by adding water. The normality of the resulting solution 
will be: 
(a) I N (b) 2 N (c) 3 N (d) 4 N 
(e) 9 N 

[Hint: NtV1 + NF2 + N3V3 =N R x VR ' 

10 x 50 + 12 x 25 + 5 x 40 := N R X 1000 

500 + 300 + 200 = N R X 1000 

N R 1 (Resultant normality)] 

79. AcidifIed KMn04 oxidizes oxalic acid to CO2 , What is the 
volume (in litre) of 10-4 M KMn04 required to completely 
oxidize 0.5 litre of 10-2 M oxalic acid in acid medium? 

(a) 125 (b) 1250 (c) 200 (d) 2.0 
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COOH 
[Hint:' 2KMn04 + 3H2S04 + 5 I ---7 K 2S04 

10-4 X 

2 

COOH 

+ 2MnS04 + lOCO] + 8H20 

M V [COOH') 
2 2 I I 

----;;; COOH) 

10-2 x 0.5 

5 

VI = 20 L] 

80. The concentration of oxalic acid is 'x' mol litre-I. 40 mL of 
this solution reacts with 16 mL of 0.05 M acidified KMn04 . 

What is the pH of 'x' M oxalic acid solution? 

81. 

82. 

83. 

84. 

(Assume that oxalic acid dissociates completely.) 
IEAi\!CET (Ll~!!.) 2UIl6j 

(a) 1.3 -.(h) 1.699 . "'. leU .(J:!) 2 

[Hint: 2KMn04 + 3H2S04 + 5 I ---7 
COOH 

MIV1 (KMn0
4

) = M 2V2 [~OOHl 
nl ... _n2·_ COOH . 

0.05 x 16 x x40 

2 5 

x = 0.05 M 

[H+ ] = 2 x 0.05 = OJ M 

pH = -log (H+) = -log (0.1) = I] 

Consider the titration of potassium dichromate solution with 
acidified Mohr's salt solution using diphenylamine as 
indicator. The number of moles of Mohr's salt required per 
mole of dichromate is: (I IT 20(7) 
(a) 3 (b) 4 (c) 5 (d) 6 

. [Hint: Cr20~- + 6Fe2+ + 14H+ ---72Cr3+ + 6Fe3+ + 7H20 

1 mole of dichromate oxidises six moles of ferrous ion present in 
Mohr's salt] 

The number of moles of KMn04 that will be needed to react 
with one mole of sulphite ioniri acidic solution is: 

4 
(a) -

5 
(b) 3. 

5 
(c' 1 

ICBS£ (iVied.) 2007\ 

(d) ~ 
5 

[Hint: The redox reaction is: 
2Mn04 + 5S0~- + 6H+ ---7 2Mn2+ + 5S0~- + 3H20 

1 mole so i- will be oxidised by ~ mol of MnO;;] 
5 

For the reaction between KMn04 and H20 2, the number of 
electrons transferred per mole of H20 2 is: 

jP:'IT (/lnl'Y<lnD.) 201171 

(a) one (b) two (c) three (d) four 

Number of moles of K 2CrZ0 7 reduced by one mole of Sn 2+ is: 
jP'\lT (Hpj.) 211071 

(a) 113 (b) 3 (c) 116 (d) 6 . 

85. The formula mass of Mohr's salt is 392. The iron present in it 
is oxidised by KMn04 in acid medium. The equivalent mass 
of Mohr's salt is: ! ~ ;WW/j 

86. 

87. 

(a) 392 (b) 31.6 (c) 278 (d) IS6 

To neutralise completely 20 mL of 0.1 M aqueous solution of 
phosphorus acid (H3P03), the volume of 0.1 M aqueous KOH 
solution required is: I.Jamia '-lillia Islamia ( <c;.) ~Hlr 
(a) 10 mL (b) 20 mL (c) 40 mL (d) 60 mL 

[Hint: H3P03 + 2KOH ---7 KzHP03 + 2H20 

MjVj = M2V2 

nl nz 
0.1 x 20 

I 2 
V2 40 mL] 

10 em 3 of 0.1 N monobasic acid requires .IS em 3 of sodium 
hydroxide solution whose normality is : 
(a)0.066N (b)0.66N (c)I.5N (d)O.ISN 

N 2 = 0.066 J 
88. Amount of oxalic acid present in solution can be oxidised by 

its titration with KMn04 solution in the presence of H2S04, 
The titration giv~s unsatisfactory result when carried out in the 
presence of HCI, because Hel: (Al LEE 
(a) oxidises. oxalic acid to carbon dioxide and water 

(b) gets oxidised by oxalic acid to chlorine 

(c) Furnishes H+ ions in addition to-1hose from oxalic acid 

(d) reduces perrnanganate to Mn 2 + 

89. How many moles of acidified FeS04 can be completely 
oxidised by one mole of KMn04? JBlH.('\'.:.'ns) 2ilPi·q 

(a) 10 (b) S (c) 6 (d) 2 

[Hint: 2KMn04 + 3H2S04 -) K2S04 + 2MnS04 + 3HzO+ 5[0] 

[2FeS04 + H2S04 + [0] -) FeiS04)3 + H20] x 5 
-----

2 KMn04 + IOFeS04 + SH2S04 -) K 2S04 + 2MnS04 

2 mole KMn04 10 mole FeS04 
I mole KMn04",5 mole FeS04] 

+ 

90. In the titration of nitric acid against potassium carbonate, the 
indicator used is : !CoHl!:d n<;"'H:~; ~,,) 20f> 

(a) methyl orange (b)selfindicator 
(c) phenolphthalein (d) diphenylamine 

91. In transforming 0.01 mole of PbS to PbS04, the volume of 10 
volume HZ02 required will be : !,nF C,YBl ;fl" 
(a) 11.2 mL (b) 22.4 mL (c) 33.6 mL (d) 44.8 mL 

[Hint: PbS + 4HzOz ---7 PbS04 + 4H20 

0.04 mole ofH20 2 is required to react with 0.01 mole PbS. 
Molarity of HZ02 may be calculated as, 

Volume strength = Molarity x 11.2 

10 M x 11.2 

M=0.892 

Number of moles 
MV 

1000 

0.04 
0.S92x V 
- .. ~-

1000 
V=44.8 mL] 
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92. A solution containing Na2C03 and NaOH requires 300 mL of 
0.1 N HCl using phenolphthalein as an indicator. Methyl 
orange is then added to above titrated solution when a further 
25 mL of 0.2 N HCl is required. The amount of NaOH present 
in the original solution is: 
(a)0.5g (b)lg (c)2g (d)4g 
[Hint: 300 mL HCI of 0.1 N neutralises entire amount of NaOH 
and 112 of NaZCO). Remaining 112 of Na2CO} is neutralised by 
25 mL of 0.2 N HCI, i.e., 50 mL of 0.1 N HCI. 
Thus, 250 mL of 0.1 N HCI is required to neutralise NaOH 
completely. 

N IVI (NaOH) N lV2(HCI) 
= 0.1 x 250 
= 25 

W _ENV 
NaOH - 1000 

40x25 

1000 
I g J 

9J:-CerlCammonium sulpfiate arid potassium permanganate are-
llsed as oxidising agents in acidic medium for oxidation of 
ferrous ammonium sulphate to ferric sulphate. The ratio of 
number of moles of cerie ammonium sulphate required per 
mole of ferrous ammoni urn sulphate to the number of moles of 
KMn04 required per mole of ferrous ammonium sulphate is: 

(a) 5.0 (b) 0.2 (c) 0.6 (d) 2.0 
[Hint: Oxidation offen'ous ammonium sulphate by KMn04 is: 

2KMn04 + 8H 2S04 + IOFeS04· (NH4hS04' 6Hp ~. 

K2S04 + 2MnS04 + 5Fe2(S04h + IO(NH4hS04 + 68H20 
:. I mole of FeS04(NH4hS04' 6Hp consumes 1/5 mole of 
K.lI,tIn04· 

94. 

R . d' I OJ eqUlre ratlO= 5. 
1/5 

One kilogram of sea water sample contains 6 mg of dissolved 
02' The concentration of 02 in the sample in ppm is: 

(a) 0.6 
(e) 32.0 

(b) 6.0 

[Hint: I kg water"" I rf mg: 

(c) 60.0 

1 if mg water contains 6 mg O 2 

:. Concentration of02 is 6ppm.J 

(d) 16.0 

95, . The estimation of available chlorine· in bleaching powder is 
done by: 
(a) Acid-base titration (b) Pennanganometric titration 

Iodimetrie titration Iodometric titration 
.... -----

96. What volume of().l M H2S04 is requireciinlitres t()ueutraliz_e __ _ 
completely 1 litre of a solution containing 20 g of NaOH? 

(a) 5.0 (b) 0.5 (c) 2.5 (d) 10.0 

xlOOO = 20xlOOO =0.5 
ms xV 40xlOOO 

: M NaOH 

Reaction H2S04 +2~aOH ~ Na2S04 + 2H20 
M?V7 =----

2 

0.1 X VI = 0.5 x I 
2 

VI 2.5 LJ 
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Assertion-l?eason TYPE QUESTIONS 

The questions given below consist of an 'Assertion' '(A) and 
'Reason' (R). Use the following keys to choose the appropriate 
answer: 

(a) If both (A) and (R) ate correct, and (R) is the correct 
explanation of (A). 

(b) If both (A) and (R) are correct, but (R) is not the corre~t 
explanation of (A). 

(c) If(A) is correct, but (R) is incorrect. 
(d) rf(A) is incorrect, but (R) is correct. 

(A) H3P03 is a dibasic acid, 
(R) , Two H-atoms are directly attached to phosphorus 'F'. 

2. (A) Equivalent mass of KMn04 is equal to one-fifth of its mo-

5. (A) In the titration of HCI against NaOH, phenolphthalein is' 

used as suitable indicator. . 
(R) Phenolphthalein is pink coloured in basic medium. 

6. (A) Concentration of Hi02 is expressed in volume. 
(R) Volume strength of H20 2 = Normality x 5.6. 

., (A) Iodimetric titrations are redox titrations. 
(R) The iodine solution acts as an oxidising agent. 

8. (A) Starch is used as absorp~ion indicator in iodoI?etric and 
iodimetric titrations. 

(R) Starch forms iodostarch complex with iodine, which is blue 

coloured. 

9. (A) H3B03 is monobasic Lewis acid but its salt Na3B03 exists. 

I 

lecular masswlien it acts as an oxidising -aCidic rrie- (R) H3Bo-3 reactswii:h" NaOHto give Na3B03. 
--~""""""""., 

-.~ ~--"ruum-:-~-'~"'~ 

(R) Oxidation number of Mn in KMn04 is +7. 

3. (A) 5 M HCI solution is diluted 10 times, its molarity becomes 

50. 
(R) On dilution, molarity of the solution decreases. 

\, (A) In the reaction, 2S20~~ + 12 4S40~- + 2r; 12 is oxidised. 

(R) During oxidation, loss of electron takes place, . 

··[ttinr-}tjB03 +Nll:OH---TNa:B(OH}4 

'3CzHsOH + H3B03 ~(C2H5hB03 + 3HzO 

(CzHs hB03 + 3NaOH ~ Na3B03 + 3C2Hs0H] 
, " Molecular weight 

10. (A) EqUIvalent weIght of a base = .. 
ACIdIty 

(R) AGidity isthe·number ofreplaceable·hydrogen·atoms in one
molecule .of the base. 

[A~.j.lt/u ;: -'~~ ~-':-?",~. F"7~ == :1 
L (a) 2. (b) 3. (c) , (d) (b) 6 (a) 7. (d) 8. (c) "T. 

9. (c) 10. (d) H. (b) 12. (a) 13. (d) 14. (c) 15. (b) 16. (a) 

17. (d) 18. (c) 19. (a) 20. (b) 21- (c) 22. (b) 23. (c) 24. (a) 

25. (b) 26. (b) 27. (d) 28. (d) 29. '. (a) 30. (c) 3L (b) 32. (c) 
"~ (a) 34. (d) 35. (c) 36. (b) 37. (a) JB. (a) 39. (d) 40. (c) ,",l~'. 

4 (a) " ""-. (c) 43. (c) ..j.4, (d) 45. (b) 46. (b) 47. (e) 48 . (a) 

.19. (a) 50. (d) 51. (c) 51~ (d) 5.'. (b) 54. (a) ~'" :::;,.}. (a) 56. (c) 
--I 3. Ca) 58. (e) 59. (d) "! tl~~~ (d) 61. (a) 62. (b) (a) M. (a, b, c) 

(b) 66. (b, d) n. (b, c) £~, (d) 69. (b) 70. (a) "" (c) 72. (b) Ii, 

13. (b) 74. (c) ..,c (a) -/ (a) 77. (b) 78. (a) 79. (d) 80. (c) f ~ i. I \l. 

HL (d) 82. (b) g3. (c) 84.- (a) ,,-o::J. (a) 86. (c) 87. (a) 88, (d) 
3t;, (b) 90. (c) 91. (d) 92. (b) 93. (a) 94. (b) 95. (d) 96. (c) 

r ;4~ateM " ASSERT!GN-REASON QUESTIONS 

L (c) 2~ (b) 3. (d) .. !.., (d) :~c (b) I;) (b) 7 (a) S. (a) 

tl. (e) 10. (c) 
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OBJECTIVE QUESTION~ for 

I. The value of n in the equation, 
. Cr20~- + 14H+ + ne-~ 2Cr 3+ + 7H2 0 

is: 
(a) 2 (b) 3 (c) 4 (d) 6 

2. The number of moles of acidified KMn04 required to oxidise' 
one mole of ferrous oxalate (FeC20 4) is: 
(a) 5 ,(b) 3 (c) 0.6 (d) 1.5 

~ ~+~2 ~ 
[H' t KM ° + F CO Mn 2+ + Fe3

+ + 2COz 

:~,,"rJk' ---.. ~- .... -.---... -, ... 
5e- 3e-

5 mole FeCZ0 4 == 3 mole KMn04 

I mole FeCZ0 4 '" 0.6 mole KMn04] 

3. A solution contains Na ZC03 and NaHC0 3 • 10 mL of the 
solutionrequired.2.5.mL.of.O.1 MHzS04 fQLlleutrlllisation 
using phenolphthalein as indicator. Methyl orange is then 
added when a further 2.5 mL of 0.2 M HZS04 was required. 
Then the amount of NaZCO) and NaHC0 3 in 1 litre of the 
solution is: 
(a) 5.3 g and 4.2 g 
(c) 4.2 g and 5.3 g 

(b) 3.3 g and 6.2 g 

(d) 6.2 g a~d 3.3 g 

4. VjmL of NaOH of normality x and Vz mL of Ba(OHh of 
normality yare together sufficient to neutralize e:xactly 100 . 
mL of 0.1 N HCl. If VI : V1 = I : 4 and if x : y = 4 : I , what 
fraction of the acid is neutralised by Ba(OHh? 
(a) 05 (b) 0.33 (c) 0.67 (d) 0.25 

5.' A 0.518 g sample of limestone is dissolved in HCl and then the 
calcium is precipitated as CaC20 4 , After filtering and washing 
the precipitate, it requires 40 mL of 0.25 N KMn04 solution 
acidified with H2S04 to titrate it as, 

The percentage of CaO in the sample is: 
. (a) 54% (b) 27.1 % (c) 42% (d) 84% 

[Hint: Number of milliequivalents of CaCZ0 4, KMn04 and, 

CaO will be same. . 
56 

40 x 0.25 = W /- x 1000 
2 

W = 0.28 g (Mass of CaO) 
0.28 

% CaO -~xlOO=54%1 
. 0.5J8 

6. When 40 mL of 0.1 N HCI and 20 mL of 0.1 M H2S04 are 
mixed together, the normality of the mixture will be: 

(a) .!. N (b) 2 N (c) 15 N (d) ~ N 
5 15 2 1 

[Hint: N IVI + N zVz = N Revl + V2) 

0.1 x 40 + 0.2 x 20 = N R (60) 
8 2 

NR 60=15] 

7. What is the normality of 0.3 M H3P04 when it undergoes the 
reaction as? ' 

H3P04 + 20B' ----> HP05- + 2HzO 

(a) OJ N (b)0,15N (c)0.60N (d)0.90N 
8. In the mixture of (NaHC03 + Na ZC03), volume of HCI 

required is x mL with phenolphthalein indicator and y mL with 
methyl orange indicator in same titration. Hence, volume of 
HCl for complete reaction of Na2C03 is: 
(a) 2x (b) y (c) x/2 (d) (y - x) 

JI:Hnl: In pr,,-s~Jl~~ ofpi1enqlphtbalein, 50'Yo NazCna is 
neutraJised whereas NaHC03 remains unaffected. In presenceQf-
·rnethyf . orai;ge,botI1N~;C03 and NaHCO;wil1-be-----yoO~ 
neutralised. 
Let volume ofHCl for complete reaction ofNazC03 = ~ mL and 
volume of HCl for cQmplete reaction ofNaHC03 = V2 mL. With 
phenolphthalein, 50% Na2C03 will be neufralized. 

2 =x, ~ 2xj' 

9. 40 mL of 0.05 MNa 2C03 . NqHC03 ·2H20(sesquicarbonate) 
is titrated against 0.05 M HCL x mL of HCI is used when 
phenolphthalein is the indicator and y mL HCI is used when 
methyl orange is the indicator in two separate titrations; hence 
(y - x) is: 
(a) 80 mL (b) 30 mL 
(c) 120 mL (d) none of these 

10. Equivalent mass of H3P02 when it disproportionates into PH3 

and H3P03 is (Molecular mass M): 

(a) M (b) M (c) M 
2 4 

+1 

lI:Iint: H3P02 

(Change in oxidation number = 2) 
+1 -3 M 

H3P02 ----> PH3; Eq. wt. = 
4 

(Change in oxidation numbet = 4) 
The equivalent mass of H3P02 in the process of 

d
., ., M M 3M 
IsproportlOnatlOn + - -] 

2 4 4 

11. The reagent commonly used to determine hardness of water 
titrimetrically is: 
(a) oxalic acid (b) disodium salt of EDTA 
(c) sodium citrate (d) sodium thiosulphate 

12 .. The equivalent mass of sodium thiosulphate(Na2Sz03 ·5HzO) 
in the reaction, 

2Na 2S20 3 + 12 ~ 2NaI + NaZS406 
is: 
(a) 248 (b) 124 (c) 596 (d) 62 

13. If 100 mL of the acid is neutralised by 100 mL of 4 M NaOH, 
the purity of concentrated HCI (sp. gravity = 1.2) is: . 
(a) 12% (b) 98% (c) 73% (d) 43% 
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14. 2 moles of FeS04 are oxidisedby x moles of KMn0 4 in acid 
medium into ferric sulphate. 3 moles of ferric oxalate are 
oxidised by y moles of K2Cr207 in acid medium. The value of 
(x / y) is: 
(a) 6/5 (b) 2/15 (c) 18i'5 (d) 3/5 

15. What 'VOlume of 0.05 M CrzO~- in acid medium is needed for 
complete oxidation of 200 mL of 0.6 M FeC20 4 so1ution? 
(a) 0.6 L (b) 1.2L (c) 2.4 L . (d) 3.6 L 

16. KMnO 4 reacts with oxalic acid according to the reaction: 

2KMn04 + 5CzO~- + 16W 2Mn 2+ +.lOCOz+ 8H20 

Then, 20 mL of 0.1 M KMn04 is equivalent to: 
(a) 30 mL of 0.5 M C2H20 4 (oxalic acid) -' 
(b) 50 mLofO.l M CZH20 4 (oxalic acid) 
(c) 20 mL of 0.5 M C2Hz0 4 (oxalic acid) 
(d) 10 mL of 0.1 M C2H20 4 (oxalic acid) 

. M;V; , ---M;v;"'" 
[lllnt--~-(KMnQ4') - . {H2Cz04-)---7'--~ 

. nl nz· 
0.1 x 20 = M2V2 

2 5 

M2Vl = 5 
(It is possible in case of b.)] 

17. Potassiiimpermanganate is titrated against ferrous ammonium 
sulphate in acidic medium; the equivalent mass of potassium 
permanganate is: 
(a) molecular mass 

3 
(c) molecular mass 

2 

(b) ~.:::::.:=-~m~as:::s 
5 

(d) molecular mass 

10 
[Hint: The ionic reaction involved in titration is: 

MnO:! + + 8H+ ~ Mn 2+ + 4HzO + 5Fe3+ 

Since, a molecule of KJ,,1nO 4 accepts 5 electrons in acid medium, . 
. 'I . b l( molecular m'ass) 
It~ eqUlva ent mass wIll e 5 . ] 

)8. Number of moles ofK2Cr207 that can be reduced by I mole of 
Sn 2+ ions is: 

. (a) 1/3 (b) 3/2 (c) 5/6 (d) 6/5 

[Hint: The redox reaction is: . 

CrzO~- + 14H+ + 3Sn2+ ---7 + 7H20 + 3Sn4+ 

.... 1 mole of Sn2+ will reduce 1/3 mole of K2Cr1071 

19. Potassium permanganate acts as an oxidising agent in acidic, 
alkaiine as well as neutral media. Which among the following 
statements is incorrect? 
(a) N M /5 (in acid medium) 
(b) N = M /3 (in alkaline medium) 
(c) N = M /3 (in neutral medium) 
(d) N = M (in alkaline medium) 

20 .. The number of equivalents of NaZSZ03 required for the 

volumetric estimation of one equivalent of Cu 2+ is: 
(a) 1/3 (b) I (c) 3/2· (d) 2/3 

[Hint: Number of equivalents of reacting species in a 'chemical 
reaction are same.] 

21. The equivalent mass of MnSO 4 becomes half of its molecular 
mass when it is converted into: . 

(a) MnO;;- . (b) MnOi or Mn304 

(c) MnO~- (d) Mn20~-
(+2) (+4) 

[Hint: When MnS04 is converted to Mn02, the oxidation 

numberchang~~Jhus 
. . Molecular mass 

EqUIvalent mass of MnS04 = ,-------
2 

22. A solution,of 10 mLof M FeS04 was titrated with KMn04 . 
. 10' 

solution in addic medium; the am0\;lnt of KMnO 4 used will 
. be: . , 

(a) 10 mL of 0.5 M (b) 10 mL of 0.1 M 
(c) 10 mL of 0.02 M Cd) 5 mL of 0.1 M 
[Hint: The involved reaction is: 

·--------2ti1TiO-:;-+ 8HiSO-:-+TOFeS~-

---7 5Fez(S04h + 2MnS04 + K2S04 + 8H20 

M1VI. (KMn0
4

) M2V2 (FeS°
4

) 

nl nz 
M1V1 = 0.1 x 10 

2 10 
MtVI = 0.2 which is possible in (c)] 

23. Among the following reactions, used in titrations, select the 
reaction(s) in which the chlorine is oxidised: 

1. Mn02 + 4HCI MnCl2 + Cil + 2H20 

2. 2Kl + Cl2 2KCI + 12 
3. CaOCI2• + H20 ----7 Ca(OHh + CI2 
4. Cr02C12 + 2NaOH ----7 Na2Cr04 + 2HCI 
(a) reactions 2, 3 and 4 (b) reaction 1 only 
(c) reactions I and 3 (d) reaction 4 only 

. (e) reactions 2 and 4 

24. Oxalic acid dihydrate, H2C20 4 ·2HzO(s) is .often used as a 
primary reagent to standardise sodium hydroxide solution. 
Which of these facts are reas.ons to .choose this substance as a 

25. 

primary standard? + 
.1. It is .. diprotic: . 

II. It is a stable comp.ound that can be weighed directly, in air. 
IItH is available in pure form . 
(a) III only (b) I and II only 
(c) II and III only (d) I, II and III 

A 20 mL sample of a Ba(OHh solution is titrated with 0.245 
M HCI. If 27.15 mL of HCI is required, what is the m.olarity of 
the Ba(OHh solution? 
(a)0.166M (b)0.180M (c)0.333M (d)0.666M 

26. A solution of which substance can best be used as both titrant 
and its own indicator in an. oxidation-reduction titration? 

(a) 12 (b) NaOCI (c) K2Cr207 (d) KMnO 4 

27. A 0.2 g sample of benzoic acid, C6BsCOOH, is titrated with a 
0.120 M Ba(OH}z s.olution. What volume of the Ba(OHh 
solution is required t.o reach the equivalence point? 

Substance Molar mass 

C1,HsCOOH 122.1 g 

(a) 6.82 mL (b) 13.6 mL (c) 17.6 mL (d) 35.2 mL 

I 
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28. What mass of magnesium hydroxide is required to neutralise 
125 mL of 0.136 M HCl solution? 

Substance Molar mass 

Mg(OHh 58.33 g 

(a) 0.248 g (b) 0.496 g (c) 0.992 g (d) 1.98 g 

29. In the titration of K2Cr20 7 and FeS04 , the following data is 
obtained: \'I mL of 1M I K2Cr207 requires V2 mL of 1M 2 

FeS04 • Which of the foHowing relations is true for the above 
titration? 

30. 

(a) 6M1V1 M 2V2 

(c) M1V1 == M 2V2 

[Hint: 

MtVI = 
1 6 

(b) M1V1 = 6 M 2V2 

. (d) 3M]\'I ==4M2V2 

6MtVt =M2V2 ] 

When 20 mL of M NaOH are added to 10 mL of M HCl the 
10 10 . ' 

resulting solution will: 
(a) tum blue litmus red 
(b) tum phenolphthalein solution pink 
(c) tum methyl orange red 
(d) have no effect on either red or blue litmus 

31. A sample of coconut oil weighing 1.5763 g is mixed with 25 
mL of 0.4210 MKOH. Some KOH is used in saponification of 
coconut oil. After the saponification is complete, 8.46 mL of 
0.2732 M H2S04 is required to neutralize excess KOH. The 
saponification number of peanut oil is: 
(a) 209.6 (b) 98.9 (c) 108.9 (d) 218.9 

(Hint: Number of milliequivalent of KOH added . 
== 25 x 0.421 10.525 

Number of milliequivalents left unreacted 
= Number ofmilliequivalents of H2S04 used 
= 8.46 x 0.2732 x 2= 4.623 (Here, basicity ofHzS04 . 2) 

Number ofmilliequivalents ofKOH used by oil 
== 10.525 - 4.623 = 5.902 

\1 FKOH d 5.902 x 56 . ;,., .... ". use = 1000 0.3305 g 330.5 mg 

Saponification number = Mass of KOH in mg used by! g oil or 
fat 
0.3305 x 1000 
--1.5763 209.6] 

32. 12.5,mL of a solution containing 6 g of a dibasic acid in one 
litre was found to be neutralized by 10 mL of a decinormal 
solution of NaOH. The molecular mass of the acid is: 
(a) 110 (b) 75 (c) 120 (d) 150 

[Hint: N tVI (acid) = N zVz (base) 

1 
N I x 12.5 - x 10 

10 
I 

12.5 

33. 

Strength = N x Ew 
I 

6= -xEw 
12.5 

Ew 75 
Molar mass Equivalent mass x Basicity 

=75x2=150] 

20 mLof 0.1 M H3B03 solution on complete neutralisation 
require~ x mL of 0.05 M NaOH solution. The value of x will 
be: 
(a) 20 mL (b) 40 mL (c) 120 mL (d) 80 mL 

[Hint: Boric acid is monobasic acid . 
H3B03 + NaOH ~ Na[B(OH)41 

MIVf M 2V2 

11[ 

0.1 x 20 

1 

112 

0.05 xx 

I 
.-.-.---. --x=-40'mL]---- - .. --.- .... ~-.. - .... ----.. -. 

34. The ammonia evolved from the treatment of 0.30 g of an 
organic compound for the estimation of nitrogen was passed 
in 100 mL of 0.1 M sulphuric acid. The excess of acid 
required 20 mL of 0.5 M sodium hydroxide solution for 
complete neutralization. The organic compound is: 
(a) acetamide (b) benzamide . (c) urea (d) thTourea---

[Hint: H~S04 + 2KOH K 2S04 + 2H20 

MIV[ 
-1- (excess H2S04 ) = 2 (KOH) 

0.1 x 0.5 x 20 
~---

I 2 
VI = 50mL 

Volume of sulphuric acid used up to absorb NH3 = 50 mL 
01 N 2.8 x MV 2.8 x O. I x 50 
10 = =46.6 

W 0.3 
Thus, the organic compound will be urea, which has 46.6% 
nitrogen.] 

35. A solution contains Na2C03 and NaHC03 ; 10 mL of this 
solution required 2.5 mL of 0.1 M H2S04 for neutralisation 
using phenolphthalein indicator. Methyl orange is added after 
first end point, further titration required 2.5 mL of 0.2 M 
H2S04 , The amount of Na 2C03 and NaHC03 in 1 litre of the 
solution is: 

36. 

(a) 5.3 g and 4.2 g (b) 3.3 g and 6.2 g 
(c) 4.2 g and 5.3 g (d) 6.2 g and 3.3 g 

MnO:;: ions are reduced in acidic condition to Mn 2 + ions 

whereas they are reduced in neutral condition to MnO,. The 
oxidation o~ 25 mL of a solution X containing Fez';: ions 
required in acidic condition, 20 mL of a solution Y containing 
MnO:! ions. What volume of solution Y would be required to 

oxidise 25 mL of solution X containing Fe2 + ions in neutral 
condition? 
(a) 11.4 mL 
(c) 33.3 mL 
(e) 25 mL 

(b) l2mL 
(d) 35 mL 
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[Hint: 
Acid medium 

Mno:; + 5Fe2+ + 8H+ -------7 Mn2+ + 5Fe3+ + 4Hp 

MIVI = M 2V2 

1 5 
AIl x20 _M2 x25 

1 5 

M _M2 
1- 4 

Neutral medium 
MnO:; + 3Fe2+ + 4H+ -------7 Mn02 + 3Fe3+ + 2Hp 

MIVI = M 2V2 

3 

( ~2 J X VI = M2; 25 . 

VI =33.3 ml] 

... (i) 

I 

941 

-- - ~---~-~-- ~---~-------~-- ~-- ~--~- ---~-- ~--~-~~- ~--~~-~~----~--~-~-~-- -~~--- -~ ----~---- --- -------~---- -----~---~~----

[~~. =i 
1. (d) 2. (c) 3. (a) 4. (a) 5. (a) 6. (b) 7. (c) 8. (a) 

9. (a) 10. (d) 11. (b) 12. (a) 13. (a) 14. (b) 15. (b) 16. (b) 

17. (b) 18. (a) 19. (b) 20. (b) 21. (b) 22. (c) 23. (c) 24. (c) 

25. (a) 26. (d) 27. (a) 28. (b) 29. (a) 30. (b) 31. (a) 32. (d) 

33. (b) 34. (c) 35. (a) 36. (c) 
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~ • .LINKEDC:OMPREHENSION TYPE .QUESTIONS .~. 

• Passage 1 

Pyrolusite. Mn02' is the main ore from which manganese is 
produced. The' manganese content of the ore may be determined by 
reducing the Mn02 under acetic conditions to Mn2+ with the oxalate 

ion, C20~-, the oxalate ion being oxidised to carbon dioxide during 

the reaction. The analytical determination is carried out by adding a 
known excess volume of oxalate solution to a suspension of the 
pyrolusite and digesting the mixture on a hot water bath until all tlie 
Mn02 has been reduced. The excess, unreacted oxalate solution is 
then titrated with standardised potassium permanganate, KMn04 
solution after which the manganese content of the ore can be 
calculated. 

A stUdent preparedil slandilrdsdli1tioii of soiiiUm dxalateby 
. ---~··~··-w~ighing-T.Lgofth<rdryanhydrous-salt;ciissolving-ihn-d~ffed-' .~. 

water and making the solution up to 500 mL. 25 mLof the oxalate 
. solution required 24.76mL of KMnO 4 solution. 

Answer the following questions: 

1. What is the equivalentmass ofMn02 in the present titration? 

. (a) M.w·(b) M.w. (c) M.w. (d) 2M.w. 
. 1 233 

2. How many moles of C20~- ions will be oxidised by 1 mole 
MnO:!? 
(a) 112; (b) 3/2 (c) 5/2 (d) 7/2 

3' 'Molarity of the. sodium oxalate solution is .... ' 
(a) 0.04776 (b) 0.07446' (c) 0.06447 (d) 0.01644 

4. What is the molarity of KMn04 solution? 
(a) 0.04776 (b) 0.01929 (c) Om8 (d) 0.028 

S. Role of KMnO 4 in the given titration can be descdbed as: 
(a) oxidising agent 
(b) reducing agent 
(c) indicator 
(d) oxidising agent and indicator 

• Passage 2 

For a series of indicators the following colours and pH range 
over which colour change takes place are as follows: 

Indicator Colour change over pH range 
U yellow to blue (pH 0 to .1.6) 
V red to yellow ( pH 2.8 to 4.1) 
W red to yellow ( pH 4.2 to 5.8) 
X yellow to blue (pH 6.0 to 7.7) 
Y colourless to red (pH 8.2 to 10) 

Answer the following questions: 

1. Indicator V could be used to find the equivalence point for 0.1 
M acetic acid and '0.1 M ammonium hydroxide solution: 
(a) True (b) False 

2. Indicator Y could be used to distinguish between the solutions 
of ammonium chloride and sodium acetate solution: 
(a) True (b) False 

3. . Indicator X could be used to distinguish between the solutions 
of ammonium chloride and sodium acetate solution: 
(a) True (b) False 

4." Indicator W would be suitable for use in the determination of 
. the concentration of acetic acid in white vinegar by base 
titration: 
(a) True (b) False 

S. Indicator U could be iIsed, to distinguish between 0.1 M and 
0.01 M solution of sulphuric acid: 
(a) True (b) False 

• Passage3 
Chemists work with stamlardised solution, a solution whose 

concentration is known. The requirements to standardise the sOliitiOn 
are: 

1. the volume of the solution . 
2. the number of moles of solute in that volume. 
A primary standard solution is used in determining the molarity 

of a solution. To find the molarity of HCI, 0.317 g of Na2C03 , the 
primary standard dissolved in water, is usedin titrating the soluii.oJ1.~ 
of HCI. 22.9 mL of acid are required to neutralise the sodium 
carbonate. This is the needed volume (first reqUirement). The 
stoichiometric equation is used to know the second requirement. 

2HCl(aq.) + N,a2C03(aq.) ~ 2NaCI + H 20 + CO2 i 
Answer the following questions: 

1; What is the molarity of HCI in the above case? 
(a) 0.261 M (b) 0.522 M (c) 0.1 M (d) 1 M 

2. Equivalent mass of Na 2C03 in the above equation will be: 
(a) 106 (b) 53, (c) 26.5 (d) 13.25 

3. The suitable indicator in the above titration will be: . 
(a/phenolphthalein (b)methyiqrange 
(c) litmus (d) bromothymol blue 

4. Solution of Na2C03 in water will be: 
(a) acidic (b) neutral 
(c) basic (d) cannot be predicted 

S. What fraction of Na 2C03 will be neutralised by Hel in 
presence of phenolphthalein indicator? 
(a) 1/3 (b) 2/3 (c) 1/2 (d) 1/4 

• Passage 4 
0.5 g bleaching powder was suspended in water and excess K1 is 

added. On acidifying with diZ. H2S04 ,!2 was liberated which 
required 50 mL ofNllO hypo (Na2S 203 . 5H 20) in presence of starch. 
The reactions involved are: 

I. CaOC~ + H 2S04 ~ CaS04 + HzO + Cl2 

II. 2KI + C~ ~ 2KCl + 12 
III. 2Na2S203 + 12 Na2S 40 6 + 2Nal 

Answer the following questions: 

L In the reaction (I), which one is reduced? 
(a) CaOCl 2 (b) H2S04 

(c) Both (d) None of these 
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2. In the given titration, starch acts as: 
(a) oxidising agent (b) indicator 
(c) reducing agent (d) cata!yst 

3. In reaction (II), Cl 2 acts as: 
(a) reducing agent 
(b) oxidising agent 
(c) indicator 
(d) both oxidising agent and indicator 

4. Percentage of available chlorine in bleaching powder is: 
(a)3S.S% (b) 71% 
(c) 17.2S% (d) 50% 

5. Starch forms iodo-starch complex in the given titration. The 
colour of the complex will be: 
(a) green (b) blue. 
(c) pale yellow (d) milky white' 

• Passage 6 

Equivalent mass of a substance may be calculated as, 

E 
. I Molecular mass Atomic mass 

qUlva ent mass = . 
n-factor n-factor • 

n-factor = Basicity of acid or acidity of base 

n-factor = Number of moles of electrons gained or lost per mole 
of oxidising or reducing agents 

n-factor = Total positive or negative valency of a salt 

n-factor = Valency of an ion, 

Concept'ofn-factor is very importantfor redox as well asfor non
redox reactions: 

, Answer the following questions: 
1. When KMn04 is titrated against fe.rrous ammonium sulphate 

in acid medium then equivalent mass of KMn04 will be: 

(a). Molecular mass (b} Molecular mass _ _. ___ _ 
10 5 

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

• Passage 5 

Hypo is the common name of sodium thiosulphate, with 
molecular formula Na2S 203' It is used as intermediate in iodometric 
as well as in iodimetric titrations. 

_ Iotiine. af1d chlgrinf{ re.ar:twitb hypo. in difjf:rent_ w.ays _asJollows: 

2Na2S203 + I 2 ~ 2NaI + Na2S406 

CI2(g)+Spt ~SO;- +Cl- +S 

Suppose, SO mL of 0.01 M Na2Sp3 solution and S x 10-4 mol of 

Cl2 are allowed to react according to the above equation. Hypo is also 
used in photography to dissolve AgBr; forming a complex compound 

2Na2S 203 + AgBr ~ Na 3 [Ag(S 2°3) 2] + NaBr 

Answer the following questions: 

1. The balanced chemical reaction with Cl2 is: 
(a) Cl2 + 2Na2S20 3 ~ 2NaCI + Na2S406 
(b) Cll + H20 + Na2S20 3 ~ Na2S04 + 2HCl + S 

(c) CI2(g) + S20~- ~ SO~- + S + Cl-

(d) none of the above 

2. Number of moles of S20~- present in the samply is: 
(a) O.OOOS (b) 0.01 
(c) 0.002S (d) 0.02 

3. What is the molarity of Na2S04 formed in the reaction 
between Na2S20 3 and C12? 
(a) 0.08 M (b) 0.04 M 
(c) 0.02 M (d) 0.01 M 

4. The process of photography, in which Na2S20 3 is used, is 
called: 
(a) developing 
(c) tonning 

(b) image fixing· 
(d) all of these 

5. Oxidation state of silver in Na3[Ag(S203h] is: 
(a) 0 (b) +1 
(c) +2 (d) -1 

2. 

(c) Molecular mass (d) Molecular mass 
.. 3 2 

[Hint: 
MnO:;- + 8H+ + 5e- -----7 Mn 2+ + 4H20 II-factor = 5] 

Equivalent mass of ferrous oxalate FeC 20 4in the followi~ 

reaction is: 

FeC204~ 

(a) Molecular mass 

Fe3+ + 2C02 

1 
(c) Molecular mass 

3 
[Hint: Fez+ -----7 Fe3 ++e

C20~ - -----7 2C02 + 2e-

(b) Molecular mass 

2 
(d) Molecular mass 

. 4 

FeCP4 -----7 Fe3 + + 2C02 + 3e- II-factor = 3] 

3. Equivalent mass of H3P02 when it undergoes 
disproportionatiorr to PH3 and H;P03 will be: 
(a) M.w.12 (b) M.w.l4 (c) M.w.l24 (d) 3M,w.l4 

H3POZ + H20 -----7 H3P03 + 2H+ + 2e- 112 = 2 

111 X 112 2 x 4 8 4 
II-factor = --- = -- = - =-

111 + 112 2 + 4 6 3 

E =M 1~=3M.w.] .w. .w. 
3 4 

4. BrO:;- ion reacts with Br- to form Br2, in acid medium. The 
equivalent mass of Br2 in this reaction is: 

(a) 4M.w. (b) 3M.w. (c) SM.w. 
6 S 3 

(d) SM.w. 
8 

[Hint: 2Br03' + 12H+ + 10e- -----7 Br2 + 6H20 111 = 10 

2Br- -----7 Br2 + 6e- liz = 2 

II-factor = 111 X 112 = 10x2 = 20 =~ 
111 + 112 10 + 2 12 3 

E.w. = M.w. = 3M.w.] 
5/3 5 
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--------:---.-........--. <----------==1 
Passage 1. 1. (b) 

Passage 2. 1. (b) 

~assage 3. 1.< (a) 

Passage 4. 1. (d) 

Passage 5. 1. (b) 

Passage 6. 1. (b) 

2. (c) 

2. (b) 

2. (b) 

2. (b) 

2. (a) 

2. (c) 

3. (a) 

3. (a) 

3. (b) 

3. (b) 

3. (d) 

3. (d) 

4. (b) 
4. (b) 

4. (c) 

4. (a) 

4. (b) 

4. (b) 

5. (d) 

5. (b) 

5. (c) 

5. (b) 

5. (b) 

I 

r;? SELF ASSESSMENT 
ASSIGNMENT NO. 14 

Straight Objective Type Questions 
This section contains 10 multiple choice questions. Each 
question has 4 choices (a), (b), (c) and (d), out of which only 
one is correct. 

1. For decolorisation of 1 mole of KMn04, the moles .of Hz02 

required is: 

(a) 1 
2 

(b) ~ 
2 

5 
(c) -

2 
(d) ~ 

2 
2. If equal velume of 1 M KMn04· and I M K2Cr207 solutions 

are allowed to oxidise Fe2+ to F~3+ in acidic medi~, then 
Fe2+ will be oxidised: 

(a) mere by KMn04 (b) more by KZCr20 7 
(c) equal in both cases (d) cannot be determined 

3. MnOz on reaction with conc. HCI liberates chlorine; the 

liberated chlorine on treatment with aqueous K1 gives iodine. 
The iodine is neutralized by 40 mL of 0.1 N hypo solution. 
The reaction is: . 

2NazSZ0 3 + Iz ~ 2Nal + Na ZS40 6 
The amount ofMn0z used in the reaction is: 
(a) 109 (b)0.174g (c)1.74g (d)0.0174g 

4. 1.520 g of hydroxide .of a metal on ignition gave 0.995 g of 
oxide. The equivalent mass of metal is: 
(a) 1.52 (b) 0.995 (c) 190 (d) 9 

5. Identify the incorrect statement regarding the· volumetric 
estimation of FeS04 : 

(a) KMn04 can be used in aqueous HCI 
(b) K2Cr20 7 can be used in aqueous HCI 

(c) KMn04 can be used in aqueous H2S04 

(d) K ZCrZ0 7 can be used in aqueous H2S04 

6. When one gram mole .of KMn04 is mixed with hydrochloric 

acid then, the volume of chlerine gas liberated at NTP will be: 
(a) 11.2 litre (b) 22.4 litre (c) 56 litre . (d) 44.8 litre 
[Hint: The reaction between KMn04 and HCI may be given as: 

2Mn04 + IOCI- + 16H+ -~ 2Mn2+ + 5Clz + 8H20] 

7. 0.7 g of Na ZC03 .xHzO was dissolved in water to make 100 

mL solution, 20 mL of this solution required 19.8 mL of 0.1 N 
HCI for complete neutralisation. The value of x is: 
(a) 5 (b) 2 
(c) 3 (d) 4 

~t O.5gofirIlpure ammonium chloride was heated with caustic 
.s()~a.80Iutien t.o evolve amm.onia gas,theg~sis absorbe~ 

150 rnr=--or-J\TISH;SO~ -solution.--Excess sulphuric acio
required 20 mL of 1 N NaOH fer complete neutralization. The 
percentage ofNH3 in the ammenium chloride is: 
(a) 68% (b) 34% (c) 48% (d) 17% 

9. One mele ofa mixture of CO and CO2 requires exactly 20 g of 

NaOH to convert all the CO2 into Na2C03' How many more __ _ 
grams of NaOH would it require for conversion into Na2C03 
if the mixture (one mole) is completely oxidised to CO2 ? 
(a) 6D g (b) 80 g (c) 4D g . (d) 20 g 

10. 0.1 litre of O.OIM KMn04 is used by 100 mL .of H20 2 in 

acidic medium. Volume of same KMn04 required in alkaline 
medium to oxidise 0.1 litre of some H20 2 will be: 

(a) 100 mL (b) 50D IDL (c) 300 mL (d) 400 mL 
3 3 5 3 

SECTION-II 

:\1ultipie Answers Type Objective Questions 
I j • One mole of acidic KMn04 reacts with: 

5 5 
(a) - mol of FeC'l04 (b) - mol efS02 
32. 

(c) 4 mol ofFeS (d) 1 mol of HZS04 
j 2. Boric acid (H3B03) is: 

(a) tribasic (b) dibasic (c) monebasic (d) aprotic 

13. 0.6 mol K2Cr20 7 , in acid medium can oxidise: 

(a) 3.6 mol FeS04 to Fe2(S04h 
(b) D.l mol FeS04 to FeZ(S04h 
(c) 0.05 mol of Sn 2+ to Sn 4+ 

(d) 1.8 mol ofSn2+ to Sn 4+ 

14. Which of the following statement(s) is/are correct? 
(a) H2S04 and H3P03 both are dibasic 
(b) H3B03 and H3P04 both are tribasic 
(c) H3B03 and H3P02 both are menobasic 
(d) HN03 and HCl both are monebasic 

15. In the titration of CH3COOH against NaOH, we cannot use 

the: 
(a) meThyl orange 
(c) phenolphthalein 

(b) methyl red 
Cd) bromothymol blue 
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SECTION-III 
Assertion-Reason Type Questions 

This section contains 3 questions. Each question contains 
Statement-l (Assertion) and Statement-2 (Reason). Each 
question has following 4 choices (a), (b), (c) and (d), out of 
which only one is correct. 
(a) Statement-I is true; statement-2 is true; statement-2 is a 

correct explanation for statement-I. 
(b) Statement-l is true; statement-2 is true; statement-2 is not 

a correct explanation for statement-I. 
(c) Statement-I is true; statement-2 is false. 
(d) Statement-I is false; statement-2 is true. 

16. Statement-I: Equivalent mass of H3P02 is equal to its 

molecular mass. 
Because 

. Statemen.t-2:~J>..Q2js_amonohaskacid._ .._. _ 

17. Statement-I: When Na 2C03 is titrated against HCI in 

presence of phenolphthalein indicator, it is converted to NaCl. 
Because 

Statement-2: Phenolphthalein shows colour change in the pH 
range of (3.5 - 4.6). 

18. Statement-I: 1 mol of H2S04 is neutralised by 2 mol of 

NaOH; however, 1 equivalent of H2S04 is neutralised by I 
equivalent ofNaOH. 

Because 
Statement-2: Equivalent mass of H2S04 is half of its 

molecular mass, however, the equivalent mass of NaOH is 
equal to its molecular mass. 

SECTION-IV 
Matrix-Matching Type Questions 

This section contains 3 questions. Each question contains 
statement given in two columns which have to be matched. 
Statements (a, b, c and d) in Column-I have to be matched with 
statements (p, q, rand s) in Column-II. The answers to these 
questions have to be appropriately bubbles as illustrated in the 
following examples: 
If the correct matches are (a-p,s); (b-q,r); (c-p,q) and (d-s); 
then correctly bubbled 4 x 4 matrix should be as follows: 

p q r s 

aG®00 
b®8 
c 0 
d®®00 

Match the Column-I with Column-II: 

Column-I Column-II 
(a) 10 volume H20 2 (p) Perhydrol 
(b) 20 volume H20 2 (q) 5.358 N 
(c) 30 volume H20 2 (r) 1.785 M 
(drroo-vOfumeR20 z .. . lS)j]JJ% 

20. Match the Column-I with Column-II: 

Column-I 
(Acid) 

(a) CH3COOH 

Column-II 
(Inf()rmation} 

(p) Tribasic 
(Ew = M.w.!3) 

(q) Dibasic reducing. 

(r) Dibasic 
(Ew = M.w.l2) 

(s) Monobasic 
(E", = M.w.) 

21. Match the Column-I with Column-II: 

COIu.lIln-I 
tR~dioll) 

(a) NH3 ----t NO; 

(b) Fe2S3 ----t FeS04 + S02 

(c) CaC03 + 2HCl 
CaCI2 + H20 + CO2 

(d) CuS ----t CuS04 

COlemn-ll 
(E q'IJfl1lfent mass 

of J:elldant) 

(p) M.w'/20 

(q) M.w.l2 

(r) M.w.l8 

(s) 50, 

[;4~, ------------------------41 

1. (c) 2. (a) 

9. (a) 10. (b) 

16. (a) 17. (c) 

21. (a-r) (b-p) (c-q;s) (d-r) 

3. (b) 

11. (a, b) 

18. (b) 

4. (d) 

12. (c,. d) 

5. (a) 

13. (a, d) 

19. (a-s) (b-r; (r-<:!) (d-p) 

6. (c) 7. (b) 8. (b) 

14. (a, c, d) 15. (a, b, d) 

20. (a-s) (b-p) (c-r) (d-q,r) 


