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Mole Concept and :

Equivalent Concept

For Elements
1 g-atom = N atoms =6.023 x10> atoms
= g-atomic mass
e.g., 1 g-atom of oxygen = N atoms of oxygen
=6.023 x10% atoms of oxygen
=16g

g-atomic mass : It is the mass of Avogadro’s number

(N)atoms in g.
Mass of one oxygen atom =16 amu
=16x1.66x1072 g
.. Mass of N oxygen atom
=16x1.66x1072* x6.023 x10* g=16¢g
Mass of element

- = (1
Er e et Atomic mass of element M
No. of atoms of element = g-atom of element X Av. No.

+:(2)

For Compounds
1 g-molecule or 1 mole = N molecules
=6.023 x10? molecules
= g molar mass
1 mole of O, = N molecules of O,
=6.023 x 102 moleculesof 0, =32g

g-molar mass : It is the mass of Avogadro’s number
(N ) molecules in g.

Mass of one O, molecule =32 amu =32 x1.66 x 107 g
. Mass of N molecules of O,
=32x1.66 X107 x6.023 x10% =32¢
mass
—— ..(3)
molar mass
Molecules = mole x Av. No. ..(4)

Mole =

Avogadro’s hypothesis : Equal volu.n?es of gases or
vapours obeying gas laws under similar conditions of P and T
contain equal no. of molecules.

The statement reveals the following facts:

(1) IfP, =P,, T, =T, (for two gases)

Then atV) =V,; ny =ny

(2) One mole of all gases contain N molecules.
Dulong and Petits law

Atomic mass X specific heat (cal/g) = 6.4 (for metals only)
Equivalent mass

Equivalent mass of a substance depends upon the nature
of chemical reaction in which substance takes part. The
evaluation of equivalent mass of a substance may therefore be
cautiously made.

(A) Equivalent mass of an element in a redox change:

Equivalent mass of a compound

Molar mass

No.of * ¢ lost or gained during redox )
change by one molecule of that compound
Equivalent mass of an element
_ Atomic mass
No.of ‘¢’ lost or gained during redox ~(6)

change by one atom of that element
NOTE : (i) For details see Chapter 8.

(ii) In case of redox change, determine equivalent mass by

the formulae given above and do not use any other
formulae given below.

(B) Equivalent mass of an element or compound in a
non redox change:

(1) Equivalent mass of an element
E= Atomic mass of element
Valency of element

(7
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(2) Equivalent mass of ionic compound
_ Formula mass of ionic compound

" Total charge on cations or anions
Also Equivalent mass of an ionic compound
= Equivalent mass of I part + Equivalent mass of II part

(8)

..(9)
Eq. (9) is not valid for hydrated compounds.
: F. mass of NaCl
eg, () Ena =———r——= —581'5 =58.  By(@8)

" F. mass of AlCI
(i) Encyy = 3 : =13§'5 =445 By(8)

Enci, =E.mass  +E. massg, =2?7+35.5=44.5 By (9)

(iii) KZSO4-A12(SO4)3~24H20:EMM=% By (9)

(3) Equivalent mass of an acid or base:
Molar mass of acid

Eq. d = soll
q. MAass acig Resicity (10)
(Basicity is no. of H atoms replaced from
one molecule of acid)
Molar mass of base
E —_——— (11
EQ. mass pue Acidity ()

(Acidity is the no. of OH groups replaced
from one molecule of base)

eg., H3P03 + 2N30H —_— Nazl'{P03 +2H20
Basicity =2 Acidity =1 5
M
Eugpo, =7 Enson =77

Note : However if reaction is given as:
(i) H3PO; + NaOH — NaH,PO; + H,0

M
Enspoy =T
(ii) Al(OH); + HCl —> Al(OH),Cl+H,0
Eaoms =T

(4) Equivalent mass of an ion or radical :
Formula mass of ion or radical

Charge on ion

Eq. mass of ion or radical =

.(12)

(5) Equivalent mass of an acid salt :
Molar mass of acid salt

. Replaceable H atoms in acid salt

..(13)

M
eg  Ewapo, =75

However if reaction is given as :
N3H2P04 +NaOH — NazHPO,, e H20
M
then ENIH2P04 = T
An acid salt is one which has replaceable H atgm, eg.,
NaHCO;, NaHSO,, Na,HPO,. However, Na,HPOj; is not an
acid salt since it does not have replaceable H atom because

H3PO; is dibasic acid. In oxy acids only those H are
replaceable which are attached on O atom, e.g.,

(0) (o}

T T
H—0—P—0—H H—O0—P—O—H
| |
O—H H
Tri basic Di basic

(6) Equivalent mass of basic salt :
Molar mass of basic salt

- Replaceable OH gp in basic salt

(14)

M
eg  Eaoma =75

NOTE :1. The unit of equivalent mass is geq ™.

2. However in some cases either of these formula reported
does not give equivalent of the species required, e.g.,
equivalent mass of Oj in the reaction 20; — 30,.
The equivalent mass in such cases can be determined
by the concept of equivalent mass, i.e., definition—Eq.
mass of an species is the mass which either reacts or
displaces 1 part H or 8 part O or 35.5 part Cl. For the
above reaction stoichiometry suggests,

2 mole O; = 3 mole O,
=96g O,
= lZeq 02
Imole O; = 6eq. 0, =6 eq. O;
or Valence factor for O; =6

Eo, =4_68=8

(8g 0, =leq.)

Stoichiometric concept :
2H;(g) + Oy(g) — 2H,)(2)

Mole ratio for reaction 2 g 1 : 2
Molecule ratio for reaction 2 3 1 : 2
Mass ratio for reaction 4 2 32 : 36
Volume ratio for reaction 2 : 1 g 2
(Volume ratio for gaseous phase reaction only at same P, T)
s o ooy Actual yield
Percentage yield : % yield = m x100
..(15)

Limiting reagent : The substance that is completely
consumed in a reaction is called limiting reagent as it
determines or limits, the amount of product. The other reactant
present in excess is called excess reagent, e.g.,

2H,(g) +0,(g) — 2H,0(g)
Mole before reaction 10 7 0
Mole after reaction 0 2 10

Thus O, is excess reagent and H, in limiting reagent
Methods for expressing concentration of solutions
1. Normality : It is defined as no. of equivalents of a
solute present in one litre of solution. Its unit is eq. litre.
__ Equivalent of solute

"~ Volume of solution in litre




_ Mass of solute
Equivalent mass of solute x ¥ in litre

- w
N=txvmd ) (16)
___wx1000
ExVin (ni) (17)

Also, Equivalent = N x ¥ (in L) -l':“’[“”%“:et
q. mass of solute

..(18)
and Milli equivalent= N x V (in L)
— __ Mass of solute x 1000 -(19)

Eq. mass of solute

NOTE : 1. No doubt milli equivalent should be written as meq.
(milli equivalent) but for the sake of our problems by
milli equivalent, we have used Meq.

2. Egs. (18) and (19) are commonly used in solving
numericals practically in each chapter. One should be
able to learn, understand and apply these equations in
order to move advance to get solutions in easy and
precise manner.

3. Another striking fact regarding equivalent and milli
equivalent is—Equivalent and milli equivalent of
reactants reacts in equal number to give same
number of equivalent or milli equivalent of
products separately.

Example. 20 mL of 01N BaCl, is mixed with 30 mL of

0.2N AL (SO4)3. How many g of BaSO, are formed?
BaCl, + Al,(SO4); — AICI; +BaSO,

Meq. before 20x0.1 30x0.2 0 0
reaction reaction =2 =6
Megq. after reaction 0 4 2 2
Meq. of BaSO, formed =2
w
—x1000=2
or I3

_2xE _2x233 _
w=1000 ~2x1000 _ 02338

2. Molarity : It is defined as the mole of solute present

in one litre of solution. Its unit is mol litre ™.
M Mole of solute

= Volume of solution in litre
Mass of solute

= Molar mass of solute X ¥ in litre
Mass of solute X 1000

= Molar masss of solute X7 in mL

w
M=-———me 0 ...(20)
wx 1000

mxV (mL)

Mole of solute =M XV in/

_ ___mass of solute

~ ‘molar mass of solute

M= 1)

Also,
..(22)

Numerical Chemistry
Milli mole of solute= M x ¥ inmL = % x1000  ..(23)
Molarity = 14 Ii\:llolli‘:n:
: for a given solution
lity = Equivalent
and  Normality = = e
Mole _wxE _E _ 1

M
N T Equivalent mxw m Valency factor
Normality = Molarity x Valency factor  ...(24)
NOTE : 1. Mole and milli mole react according to stoichiometry
of equation.
It is better to solve-a numerical by equivalent or Meq.
rather than using mole and milli mole. For this purpose
molarity should be changed into normality by Eq. (24).
3. Equation 18, 19, 24 can be used to evaluate any
problem of volumetric analysis and gravimetric
analysis.
4. Problems of eudiometry can be solved in terms of
stoichiometry and mole.
Example. 20 mL of0.1M BaCl, in mixed with 30 mL of
0.2 M Al,(S04)3. What is the mass of BaSO4 formed?
By mole and milli mole : First balance it.

3BaCl, + Al,(SO,); — 3BaSO, + 2AICI,

o

m mole 20x0.1 30x0.2 0 0
before reaction =2 =6

m mole 0 (6 = 3) 2 Ix2
after reaction 3 %

** Reaction ratio is
BaCl; : Al;(SO4); :BaSO, : AICl; ::3:1:3:2
Milli mole of BaSO, =2
w
733 % 1000=2
_2%233 _
=000 ~ 0.466g
By equivalent or Meq : No need for balancing.
BaClz + Alz(SO4 )3 e BaSO,, + AlCl;

w

Meq. before reaction 20X 0.1x 2 30x0.2x6 0 0
[V x M x Valency factor] =4 =36
Meq. after reaction 0 32 4 4
Meq. of BaSO, = 4
w
£ X 1000=4
_4x233 _
w= 2x1000 =0.466¢g

3. Molality : Mole of solute present in one kg of
solvent. Its unit is mol kg ' solvent.

mole of solute
mass of solvent in kg
_ mass of solute
molar mass of solute X mass of solvent in kg
i mass of solute x 1000
molar mass of solute x mass of solvent in g 125

Molality =
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mass of solvent = mass of solution — mass of solute
mass of solution = volume of solution — specific gravity
..(26)
4. Strength of Solution : Amount of solute present in
one litre solution. Its unit is g litre ™.

= mass of solute _ w (27)
volume of solution in litre ~ ¥ in (/)
-+ B (15 1 N =! 1
y Eq. (15) EVm )

& S=NxE (Singlite™) ..(28)
S. In terms of percentage :

% by mass (mass/mass) = &lu}e x100 ...(29)
mass of solution
% by strength (vol/vol ) = ~Olumeof solute _,
volume of solution

..(30)

% by volume (massivol) w— s ofsoldte 0
volume of solution

(31
Example. A solution is 35% by ...... means
35% by mass : 100 g solution contains 35 g solute
by strength : 100 mL solution contains 35 mL solute
by volume : 100 mL solution contains 35 g solute

6. Mole fraction :
Mole fraction of solute
mole of solute n

= = eesl 32
(X 4)=5ic of sohute + mole of solvent  n+ N (2)
Mole fraction of solvent
mole of solvent N
= = aesl 33
(X) mole of solute + mole of solvent n+ N G3)
By Egs. (31) and (32), i
n
=— = ...(34
A tidn n+N+n+N : G4
X4 _on
=== ..(35
Also, X, N (35)
NOTE: 1. Molality, % by mass, mole fractions are independent of

temperature since these involve masses.

2. Rest all, i.e., normality, molarity, % by vol., % by
strength and strength are temperature dependent,
normally decrease with increase in temperature since
volume of solution increases with 7.

3. Sometimes term formality is used in place of molarity.

4. Normal, molar solution means for solutions having
normality | N and molarity 1M respectively.

5. Standard solution is one whose N or M are known.

6. On diluting a solution, eq, milli equivalent mole or
milli mole of solute do not change however N and M
change.

Use of specific gravity

(1) Specific gravity of solution (mass of | mL solution)
mass of solution 36)

I ——
volume of solution

57

(2) It is commonly used to obtain either mass of solution
or volume of solution as desired.

7. Formality : Since molar mass of ionic solids is not
determined accurately experimentally due to their dissociation
nature and therefore molar mass of ionic solid is often referred
as formula mass and molarity as formality.

e mass of solute
Formality = & ula mass x V, (inl)

NOTE : For all practically purposes formality is molarity.
8. Ionic strength : Ionic strength (i) of a solution is
given by:

..(37)

p =12z’ (38)
where ¢ is concentration (in mole litre") of ionand Z is

its valence.

Some general points :

(1) Under similar conditions of P and T, combination of
gases may be made in terms of volume ratio since mole of gas o
volume of gas at constant P and 7.

(2) Acidic oxides such as CO,, oxides of
N(NO,, N,03, N,05), oxides of P, Si, halogens are absorbed
by alkalines, e.g., NaOH, KOH, CaO etc.

(3) Basic oxides such as Na,0, CuO,...... etc., are
absorbed by acids.

Hardness of water :

(1) The hardness of water is due to the presence of
bicarbonates, chlorides and sulphates of Ca and Mg.

(2) The hardness is temporary due to bicarbonates and
permanent due to chlorides and sulphates of Ca and Mg.

(3) The extent of hardness is known as degree of
hardness defined as the no. of parts by mass of CaCO; present

per million parts by mass of water or 10° parts by mass or
volume of water since dy; o =1
Hardness (in ppm) of water = pessol CaO;, x108
mass of water
mass of CaCO;

~ Volume of water (in mL)

x10°
(39

Equivalent and Meq. of reactants react in equal amount
to give same no. of equivalent or Meq. of products
separately.
(i) e.g., In a given reaction,
oA + bB — mM +nN

Meq.of 4= Meq.of B = Meq.of M = Meq.of N

(ii) In a compound M (N,
Meq. of M N, = Meq.of M = Meq.of N

or Eq. of M.N, = Meq.of M = Meq.of N

(iii) In a series of reaction for complete reaction,

NOTE: 1.

@A 4 b~ o€y eB—t 345G
excess oxcoss
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Megq. of 4 used = Meq. of B used = Meq. of C formed =
Meq. of D used = Meq. of E formed = Meq. of Fused =
Megq. of G formed
2. Mole and millimole react according to equation.
3. Molarity x Valency factor = Normality
4. On diluting a solution, mole, mM, Equivalents and
Megq. of solute do not change.
5. For reporting -concentration of H,0,, direct
conversions can be made as :
(i) % strength of
H,0, =;—2 x Volume strength of H,0,
(ii) Volume strength of
H,0, = 5.6 x Normality of H,0,
(iii) Volume strength of
H,;0, =112 x Molarity of H,0,
Use of double indicator: In the titration of alkali
mixtures e.g., (NaOH +Na,CO0s5) or (Na,CO; +NaHCO;)
two indicators phenolphthalein and methyl orange are used.
The indicator phenolphthalein is a weak organic acid and gives
end point between pH 8 to 10, while methyl orange, a weak
base indicates end point sharply between pH 3.1 to 44.
Following points are to be remembered therefore,

1. Phenolphthalein is not a good indicator for weak alkali
titrations.

2. Methyl orange is not a good indicator for weak acid
titrations.

3. Titration in between strong acid and strong base using
phenolphthalein or methyl orange as indicator gives
reading for complete neutralization, i.e., Meq. of acid
= Meq. of base.

4. Titration between strong acid and strong base such as
Na,COj3 using phenolphthalein as indicator, the Meq.
of acid are utilized only for the end point upto NaHCO,

state.
22 Na,CO, +H* — NaHCO; +Na*
A pracash weak
= £35

Numerical Chemistry

ie., Meq.of Acid= %Meq. of Na,CO;

(if Eq. mass of Na,COj; is taken as
M/2)
or Megq. of Acid Meq.of Na,CO;
(if Eq. mass of Na,CO; is taken
as M / 1since one H is replaced)
However, in titration with methyl orange as indicator,
the Meq. of acid corresponds to total Meq. of alkali
present at that time in mixture.
5. It is to be clearly noted that methyl orange is used as
indicator in titration for fresh mixture or in continuation
of phenolphthalein e.g.,
Na,CO; + NaOH mixture Vs HCI
Casel. Iend pointis determined using phenolphthalein
as indicator and then methyl orange is used to get II end point
in continuation.
1 end point : Meq. of Acid

= Meq.of NaOH + % Megq. of Na,CO,

1 end point : Meq. of Acid = -;—Meq.of Na,CO,

CaseIl. End point is determined using phenolphthalein
as indicator. Next time end point is determined by taking

another (fresh) same volume of mixture using methyl orange as
indicator.

For phenolphthalein:
Meq. of Acid = Meq.of NaOH + % Meq. of Na,CO,

For methyl orange:
Megq.of Acid = Meq. of NaOH + Meq. of Na,CO,
Representation of % of oleum: (100 + a)% m oleum

means a g H,0 reacts with equivalent amount of free SO,
dissolved in H,80, i.e. oleum.
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e NUMERICAL PROBLEMS ®

1. How many g-atom and no. of atoms are there in (a) 60 g SQNA

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.
20.

21.

carbon, (b)224.4gCu? 3-SNy 25
Given atomic masss of C and Cu are 12 and 635
respectively. Avogadro’s no. =6.02 x 102,

. Find the no. of g-atoms and mass of an element having

2x10? atoms. Atomic mass of elemment is 32. -

. In 4 g-atoms of Ag. Calculate :

(a) massof Ag
(b) mass of one atom of Ag; atomic mass of Ag =108.

. How many g-atoms are there in one atom? -
. Ifthe diameter of a carbon atom is 0.15 nm, calculate the

mass of carbon when atoms of carbon are placed side by
side across the line of length 10" km.

. Calculate mass of 1 atom of hydrogen.
. Calculate the no. of atoms and volume of 1 g He gas at

NTP.

. How many mole and molecules of O, are there in 64 g

0,? What is the mass of one molecule of O,?

How many year it would take to spend Avogadro’s
number of rupees at the rate of 10 lac rupees per second?
From 200 mg of CO,, 10*! molecules are removed. How
many g and mole of CO, are left?

Mass of one atom of an element is 6.644 x1072 g.
Calculate g-atom of element in 40 kg.

How many g-atom of S are present in 49 g H,SO, ?
The density of O, at NTP is 1.429 g/L. Calculate the
standard molar volume of gas.

The measured density at NTP of He is 0.1784 g/L. What
is the mass of one mole of He?

How many g of S are required to produce 100 mole and
100 g H,SO, separately?

An alloy has Fe, Co and Mo equal to 71%, 12% and
17% respectively. How many cobalt atoms are there ina
cylinder of radius 2.50 cm and a length of 10.0 cm? The
density of alloy is 8.20 g/mL. Atomic mass of cobalt
=58.9. .

Calculate the number of CI” and Ca™" ions in 222 g
anhydrous CaCl,.

The dot at the end of this sentence has a mass of about
one microgram. Assuming that black stuff is carbon,
calculate approximate atoms of carbon needed to make
such a dot.

Calculate the mole of water in 488 g BaCl, -2H,0.
What is the molar mass of a substance, each molecule of
which contains 9 carbon atoms, 13 hydrogen atoms and
2.33x1072 g of other component?

A plant virus is found to consist of uniform cylindrical
particles of 150 A in diameter and 5000 A long. The

22.

23.

24,

25.

26.

27.

29.

30.

32.

33.

38.

specific volume of the virus is 0.75 cm > /g. If the virus is
considered to be a single particle, find its molar mass.
(IIT 1999)
K-40 is a naturally occurting radioactive isotope having
natural abundance 0.012% of potassium %sotopes. How
many K-40 atoms do you ingest by drinking one cup of
whole milk containing 370 mg K?
The vapour density of a mixture containing NO, and
N,0, is 38.3 at 27°C. Calculate the mole of NO, in
100g mixture.
The vapour density of a mixture containing NO, and
N,0, is 38.3 at 27°C. Calculate the mole of NO, in
100 mole mixture.
Calculate molecules of methane, C and H atoms in 25 g
methane.
Calculate no. of oxalic acid molecules in 100 mL of
0.02N oxalic acid. (Roorkee 1992)
Calculate the number of atoms of oxygen present in
88 g CO,. What would be the mass of CO having the
same no. of oxygen atoms?

. A compound contains 28% N and 72% of a metal by

mass. Three atoms of metal combine with two atoms of
N. Find the atomic mass of metal.

Insulin contains 3.4% sulphur. Calculate minimum
molar mass of insulin.

Haemoglobin contains 0.25% iron by mass. The molar
mass of Haemoglobin is 89600. Calculate the no. of iron
atom per molecule of Haemoglobin.

. Pand Q are two elements which forms P,Q; and PQ,. If

0.15 mole of P,Q; weighs 15.9 g and 0.15 mole of PQ,
weighs 9.3 g, what are atomic masses of P and 0?
Calculate the residue obtained on strongly heating
By heating 10 g CaCOj3, 5.6 g CaO is formed. What is
the mass of CO, obtained in this reaction?

- On heating 1.763 g of hydrated BaCl, to dryness,

1.505g of anhydrous salt remained. What is the formula
of hydrate?

35. Calculate the mass of iron which will be converted into

its oxide by the action of 18 g of steam.

. Copper forms two oxides. For the same amount of

copper, twice as much oxygen was used to form first
oxide Q1m to form second one. What is the ratio of the
valencies of copper in first and second oxides?

. Calculate the volume of O, and volume of air needed

for combustion of 1 kg carbon at STP.

Nitrogen content in a sample of urea is 42.5%. What is
the percentage purity of urea in urea sample?



39.

40.

41.

42.

43,

45.

46.

47.

48.

49.

50.

Calculate the mass of lime (CaO) obtained by heating
200 kg of 95% pure limestone (CaCO;).
4.125 g of a metallic carbonate was heated and the CO,
evolved was found to measure 1336 mL at 27°C and
700 mm pressure. What is equivalent mass of metal?
From the following reaction sequence
Cl; +2KOH — KCI +KCIO + H,0
3KCIO — 2KCI +KCIO,

4KCl03 — 3KCIO, +KCl
Calculate the mass of chlorine needed to produce 100 g
of KCIO,.
Potassium selenate is isomorphous with potassium
sulphate and contains 45.42% selenium by mass.
Calculate the atomic mass of selenium. Also report the
equivalent mass of potassium selenate.
A hydrocarbon contains 10.5 g of carbon per g of H.
One litre vapours of hydrocarbon at 127°C and 1 atm
pressure weighs 2.8 g. Find molecular formula of
hydrocarbon.

. Thereaction,2C + 0, — 2COis carried out by taking

24 g of carbon and 96 g O,, find out:
(a) Which reactant is left in excess?
(b) How much of it is left?
(c) How many mole of CO are formed?
(d) How many g of other reactant should be taken so

that nothing is left at the end of reaction?
Calculate the mass of FeO produced from 2 g VO and
5.75 g of Fe,0;. Also report the limiting reagent.

VO +Fe,0; — FeO + V,05

A polystyrene, having formula Br;C¢H;3 (CgHg), was
prepared by heating styrene with tribromobenzoyl
peroxide in the absence of air. If it was found to contain
10.46% bromine by mass, find the value of n.
One litre of a mixture of CO and CO, is passed through
red hot charcoal in tube. The new volume becomes
1.4 litre Find out % composition of mixture by volume.
All measurements are made at same P and 7.
One litre of CO, is passed over hot coke. The volume
becomes 1.4 litre. Find the composition of products,
assuming measurements at NTP.
5 mL of a gaseous hydrocarbon was exposed to 30 mL
of O,. The resultant gas, on cooling is found to measure
25 mL of which 10 mL are absorbed by NaOH and the
remainder by pyrogallol. Determine molecular formula
of hydrocarbon. All measurements are made at constant
pressure and temperature.
When a mixture of 10 mole of SO,, 15 mole of O, was
passed over catalyst, 8 mole of SO; was formed. How
many mole of SO, and O, did not enter into
combination?

51.

52.

53.

55.

56.

57.

58.

59.

Numerical Chemistry

A mixture of 20 mL of CO, CH4 and N, was bumnt in
excess of O, resulting in reduction of 13 mL of volume,
The residual gas was then treated with KOH solution to
show a contraction of 14mL in volume. Calculate
volume of CO, CH; and N; in mixture. All
measurements are made at constant pressure and
temperature. (IIT 1995)
50 mL of dry ammonia gas was sparked for a long time
in an eudiometer tube over mercury. After sparking, the
volume becomes 97 mL. After washing the gas with
water and drying, the volume becomes 49 mL. This was
mixed with 60.5 mL of oxygen and the mixture was
burnt. After the completion of the combustion of H,, the
volume of the residual gas was 48.75 mL. Derive
molecular formula of ammonia.

The percentage by volume of C3Hg in a mixture of
C3Hg, CH4 and CO is 36.5. Calculate the volume of
CO, produced when 100 mL of the mixture is burnt in
excess of O,.

. 100 mL of any gas at NTP was heated with Tin. Tin

converted into stannous sulphide and hydrogen was left.
This hydrogen when passed over hot CuO, produced
0.081g of water. If the vapour density of the gas is 17,
find its formula.

A gaseous alkane is exploded with oxygen. The volume
of O, for complete combustion to CO, formed is in the
ratio of 7: 4. Deduce molecular formula of alkane.

40 mL ammonia gas taken in an eudiometer tube was
subjected to sparks till the volume did not further
change. The volume was found to increase by 40 mL.
40 mL of oxygen was then mixed and the mixture was
further exploded. The gases remained were 30 mL.
Deduce formula of ammonia. All measurements are
made at constant P and 7. Assume H,O in liquid phase.
The mass of one litre sample of ozonised oxygen at NTP
was found to be 1.5 g. When 100 mL of this mixture at
NTP were treated with terpentine oil, the volume was
reduced to 90 mL. Hence calculate the molar mass of
ozone.

60 mL of a mixture of nitrous oxide and nitric oxide was
exploded with excess of hydrogen. If 38 mL of N, was
formed, calculate the volume of each gas in mixture. All
measurements are made at constant P and 7. Assume
H,0n liquid phase.

50 mL of pure and dry oxygen was subjected to a silent
electric discharge and on cooling to the original
temperature, the volume of ozonised oxygen was found
to be 47 mL. The gas was then brought into contact with
terpentine oil, when after the absorption of ozone, the
remaining gas occupied a volume of 41 mL. Find
molecular formula of ozone. All measurements are
made at constant P and 7.
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60.

61.

62.

63.

65.
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A sample of gaseous hydrocarbon occupying 1.12 litre
at NTP, when completely bumnt in air produced 2.2 g
CO, and 1.8 g H,0. Calculate the mass of hydrocarbon
taken and the volume of O, at NTP required for its
combustion.

16 mL of a gaseous aliphatic compound C,H3,0,, was

mixed with 60 mL O, and sparked. The gas mixture on
cooling occupied 44 mL. After treatment with KOH
solution, the volume of gas remaining was 12 mL.
Deduce the formula of compound. All measurements
are made at constant pressure and room temperature.

A 5.0 g sample of a natural gas consisting of CH4,C,H,
was burnt in excess of oxygen yielding 14.5 g CO, and
some H,O as products. What is mass percentage of CH,
and C,H, in mixture?

4 g C3Hg and 14 g O, are allowed to react to the
maximum possible extent to form only CO and H,0.
Find the mass of CO formed.

. Assume that the nucleus of the F atom is a sphere of

radius 5 x10™" cm. Calculate the density of matter in F
nucleus.

A metal M of atomic mass 54.94 has a density of
7.42g /cm? . Calculate the volume occupied and the
radius of the atom of this metal assuming it to be sphere.
A granulated sample of aircraft alloy (Al, Mg, Cu)
weighing 8.72 g was first treated with alkali and then
with very dilute HCI, leaving a residue. The residue
after alkali boiling weigh 2.10 g and the acid insoluble
residue weigh 0.69 g. What is the composition of the
alloy?

Calculate the mass of CaO required to remove the
hardness of 10° litre of water containing 1.62g of
calcium bicarbonate per litre.

One litre of sample of hard water contains 1 mg of
CaCl, and 1 mg of MgCl,. Find the total hardness of
water in terms of CaCO3 per106 parts of water by mass.
1.60 g of a metal were dissolved in HNOj to prepare its
nitrate. The nitrate was strongly heated to give 2 g
oxide. Calculate equivalent mass of metal.

1.0 g of metal nitrate gave 0.86 g of metal sulphate.
Calculate equivalent mass of metal.

1.35 g of pure Ca metal was quantitatively converted
into 1.8 g of pure CaO. What is atomic mass of Ca?

2 g of a metal in H,SO, gives 4.51 g of the metal
sulphate. The specific heat of metal is 0.057 cal /g.
Calculate the valency and atomic mass of metal.

1.878 g of MBr,, when heated in a stream of HCI gas,
was completely, converted to chloride MCl,, which
weighed 1.0 g. The specific heat of metal is 0.14 cal/g.
Calculate molar mass of metal bromide.

74.

75.

76.
7.

78.

79.

80.

81.

82.

83.

84.

85.
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A hydrated sulphate of metal contained 8.1% metal and
43.2% SO3* by mass. The specific heat of metal is
0.24 cal / g. What is hydrated sulphate?

Find the milli equivalent of :

(a) Ca(OH); in 74 g.

(b) NaOH in20 g.

(c) H,SO4in2.45g.

Find the mass of NaOH in its 50 milli equivalents.
Find the normality of H,SO, having 50 milli
equivalents in 2 litre.

1.2048 g sample of impure Na,COj is dissolved and
allowed to react with a solution of CaCl,. The resulting
CaCO;, after precipitation, filtration and drying was
found to mass 1.0362 g. Assuming impurities do not
contribute to the mass of precipitate, calculate per cent
purity of Na,COj;.

Calculate normality and molarity of the following :

(a) 0.74 g of aCa(OH), in 5 mL of solution.

(b) 3.65 g of HCI in 200 mL of solution.

(c) 1/10 mole of H,SO4 in 500 mL of solution.

Find the mass of H,SO, in 1200 mL of a solution of 0.2
N strength.

Calculate the mass of calcium oxide required when it
reacts with 852 g of P40 . (IIT 2005)
What mass of Na,CO3; of 95% purity would be required
to neutralize 45.6 mL of 0.235 N acid?

How many millilitre of 0.5 M H,SO, are needed to
dissolve 0.5 g of copper II carbonate? (IIT 1999)
What is the strength in g per litre of a solution of H,SOy,
12mL of which neutralized 15 mL of N/10 NaOH
solution?

The formula mass of an acid is 82.0. 100cm?® of a
solution of this acid containing 39.0 g of the acid per

A litte were completely neutralized by 95.0cm® of

86.

87.

88.

89.

90.

aqueous NaOH containing 40.0g of NaOH per litre.
What is the basicity of the acid? (Roorkee 2000)
Calculate the normality of the resulting solution made
by adding 2 drops (0.1 mL) of 0.1¥ H,SOy in 1 litre of
distilled water.

What volume at NTP of ammonia gas weill be required
to be passed into 30 mL of N H,SO, solution to bring
down the acid normality to 0.2N ?

Two litre of NH; at 30°C and 0.20 atmosphere is
neutralized by 134 mL of a solution of H,SO,.
Calculate normality of H,SO,.

One g of calcium was burnt in excess of O, and the
oxide was dissolved in water to make up one litre
solution. Calculate normality of alkaline solution.

1.82 g of a metal required 32.5 mL of N HCl to dissolve
it. What is equivalent mass of metal?
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Calculate normality of mixture obtained by mixing:

(a) 100 mL of 0.1 N HCI + 50 mL of 0.25 N NaOH.

(b) 100 mL of 0.2 M H,S0, +200 mL of 0.2 M HCI.

(c)100 mL of 0.2 M H,S0,4 +100 mL of 0.2 M NaOH.

(d) 1 g-equivalent of NaOH +100 mL of 0.1 N HCI.

In what ratio should you mix 0.2 M NaNO, and

0.1 M Ca(NO;), solution so that in resulting solution,

the concentration of —ve ion is 50% greater than the

concentration of +veion?

Calculate the mass of KOH required to neutralize

15 Meq. of the following:

(a) HCI, (b) KHSO,, (c) N,0s5, (d) CO;.

What volume of water is required to make 0.20N

solution from 1600 mL of 0.2050N solution?

How much BaCl, - 2H,0 and pure water are to be mixed

to prepare 50 g of 12.0% (by mass) BaCl, solution?

What volume of a solution of hydrochloric acid

containing 73 g of acid per litre would suffice for the

exact neutralization of sodium hydroxide obtained by

allowing 0.46 g of metallic sodium to act upon water?

20 mL of 0.2M Al;(SO4); is mixed with 20 mL of

0.6 M BaCl,. Calculate the concentration of each ion in

solution.

Find out equivalent mass of H3 PO, in the reaction.
Ca(OH), + H;PO4, — CaHPO, +2H,0

. 'What volume of 0.20 M H,SOy is required to produce

34.0 g of H,S by the reaction?

8KI + 5stO4 > 4KzSO4 i 412 +H,S + 4H20
How much AgCl will be formed by adding 200 mL of
5N HCI to a solution containing 1.7g AgNO3?
What mass of AgCl will be precipitated when a solution
containing 4.77 g NaCl is added to a solution of 5.77 g
of AgNO;?
How much BaCl, would be needed to make 250 mL of a
solution having same concentration of Cl™ as the one
containing 3.78 g of NaCl per 100 mL?
Upon mixing 45.0 mL of 0.25 M lead nitrate solution
with 25 mL of 0.10M chromtic sulphate, precipitation of
lead sulphate takes place. How many mole of lead
sulphate are formed? Also calculate the molar
concentrations of the species left behind in final
solution. Assume that lead sulphate is completely
insoluble. (1IT 1993)
What is the normality and nature of a mixture obtained
by mixing 0.62 g of Na,CO1.H,0 to 100 mL of 0.1N
H,S0,4?
A sample of an alloy weighing 0.50 g and containing
90% Ag was dissolved in conc. HNO;. Ag was analysed
by Volhard method in which 25 mL of KCNS were
required for complete neutralization. Determine
normality of KCNS.
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107.
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Numerical Chemistry

What is the purity of conc. H,SO,4 solution (specific
gravity 1.8 g/mL), if 5.0 mL of this solution is
neutralized by 84.6 mL of 2.0 N NaOH?
A sample of H,SO, (density 1.787 g mL™") is labeled as
86% by mass. What is molarity of acid? What volume of
acid has to be used to make 1 litre of 0.2 M H,S0,?
A piece of Al weighing 2.7 g is titrated with 75.0 mL of
H,SO, (sp. gr.1.18 g mL™" and 24.7% H,SO by mass).
After the metal is completely dissolved, the solution is
diluted to 400 mL. Calculate molarity of free H,SO, in
solution.
A 6.90M solution of KOH in water has 30% by mass of
KOH. Calculate density of solution.
Mole fraction of I, in C¢Hg is 0.2. Calcualte molality of
Iz in C6H6 .
A drop (0.05 mL) of 12 M HCl is spread over a thin
sheet of aluminium foil (thickness 0.10 mm and density
of A1=2.70 g /mL). Assuming whole of the HCl is used
to dissolve Al, what will be the maximum area of hole
produced in foil?
Calculate the volume of NH; in a solution (density
099 g /cm > and 2.3% by mass) which will be required to
precipitate Fe(OH); from a sample of 0.70 g of 25%
Fe 203 puﬂty
Calculate molality of 1 litre solution of 93% H,SO4 by
volume. The density of solution is1.84 g mL™".
(IIT 1990)
The gases produced when 18 g carbon reacts with 3 litre
of oxygen at 18°C and 5 atm pressure are treated with
0.5 litre of 2 M NaOH. Calculate the concentration of
sodium carbonate and sodium bicarbonate produced by
the reaction of CO, with NaOH.CO has no reaction
under these conditions.
What would be the molality of a solution obtained by
mixing equal volumes of 30% by massH.SO;
(d=1218gmL™") and 70% by massH.SO,
(@=1.610gmL™)? If the resulting solution has
density 1.425 g/mL, calculate its molarity.
Calculate molarity of water, if its density is 1000 kg ‘m .
(11T 2003)
To 50 litre 0f 0.2 N NaOH, 5 litre of 1N HCl and 13 litre
of 0.1V FeCl, solution are added. What mass ot Fe10:
can be obtained from the precipitate? Also report the
normality of NaOH left in the resultant solution.
The molar mass of an organic acid was determined by
the study of its barium salt. 4.290 g of salt was
quantitatively converted to free acid by the reaction
with 21.64mL of 0.477 M H,SO,. The barium salt was
found to have two mole of water of hydration per Ba J
ion and the acid is monobasic. What is the molar mass of
anhydrous acid?
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121.

122,

123.

124.

125.
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127.

A solution is 0.5 M in MgSO,, 0.1 Min AICl; and 0.2 M
in (NH4),SO4. What is the total ionic strength?
What volume of 0.010 M NaOH (aq.) is required to react
completely with 30 g of an aqueous acetic acid solution
in which mole fraction of acetic acid is 0.15?
A solution contains 1 mol of total amount of solute and
solvent. The mole fraction of solute being X', and that of
solvent being X 5, prove :

- MM,
@ X =M - My
molar masses of solute and solvent respectively
and M is molarity of solution; p is density of
solution in g /dm >,

where M, and M, are

X
b M =M_|P for dilute solution; p is density of
solvent.

A mixture of Al and Zn weighing 1.67 g was completely
dissolved in acid and evolved 1.69 litre of H, at NTP.
What was the mass of Al in original mixture?
A mixture of HCOOH and H,C,0y is heated with conc.
H,SO4. The gas produced is collected and on treating
with KOH solution the volume of the gas decreases by
-éth Calculate molar ratio of two acids in original
mixture. (Roorkee 1990)
A sample of Mg was bumnt in air to give a mixture of
MgO and Mg ;N ,. The ash was dissolved in 60 Meq. of
HCI and the resulting solution was back titrated with
NaOH. 12 Meq. of NaOH were required to reach the end
point. An excess of NaOH was then added and the
solution distilled. The ammonia released was then
trapped in 10 Meq. of second acid solution. Back
titration of this solution required 6 Meq. of the base.
Calculate the percentage of Mg burnt to the nitride.
(Roorkee 1998)
For the reaction, N,Os(g) == 2NO,(g) +0.50,(g),
calculate the mole fraction of N ,05 (g) decomposed ata
constant volume and temperature, if the initial pressure
is 600 mm Hg and the pressure at any time is 960 mm
Hg. Assume ideal gas behaviour.
A gas mixture of 3 litre of propane (C3;Hjg ) and butane
(C4H,o) on complete combustion at 25°C produced
10 litre CO,. Find out the composition of gas
mixture.
8.0575 x1072 kg of Glauber's salt is dissolved in water

to obtain 1dm* of a solution of density 1077.2 kgm™.

128,

129,

130.

131.

132.

133.

134,

Calculate the molarity, molality and mole fraction of
Na,SO, in solution, (11T 1994)

A solid mixture § g consists of lead nitrate and sodium
nitrate was heated below 600°C until mass of residue
was constant, I the loss in mass is 28%, find the mass of
lead nitrate and sodium nitrate in mixture.
(11T 1990)

A mixture of ethane (C,Hg4) and ethene (CyH4)
occupies 40 litre at 1.00 atm and at 400 K. The mixture
reacts completely with 130 g of O to produce CO; and
H,0. Assuming ideal gas behaviour, calculate the mole
fractions of C,H4 and C,Hg in the mixture. (LIT 1995)
A sample of hard water contains 96 ppm of SO% and
183 ppm of HCO3, with Ca®* as the only cation. How
many mole of CaO will be required to remove HCO;
from 1000 kg of this water? If 1000 kg of this water is
treated with the mass of CaO calculated above, what
will be the concentration (in ppm) of residual Ca > jons
(Assume CaCOj5 to be completely insoluble in water)?
If the Ca?* ions in one litre of the treated water are
completely exchanged with hydrogen ions, what will be
its pH (One ppm means one part of the substance in one
million part of water, mass/mass)? (IIT May 1997)
1.20 g sample of Na,CO3 and K,CO; was dissolved in
water to form 100 mL of a solution. 20 mL of this
solution required 40 mL of 0.1 N HCI for complete
neutralization. Calculate the mass of Na,CO,; in
mixture. If another 20 mL of this solution is treated with
excess of BaCl,, what will be the mass of precipitate?

(Roorkee 1997)
25 mL of a solution of Na,CO; having a specific
gravity of 1.25 g mL™ required 32.9 mL of a solution of
HCl containing 109.5 g of the acid per litre for complete
neutra.lization. Calculate the volume of 0.84 N H,S0,4
that vylll be completely neutralized by 125 g of Na,CO,
solution.
200 mL of a M solution of HCI is mixed with 500 mL of
b M solution of HCI. The mixture is diluted to 2 litre to
obtain the solution of molarity 1.5 M. Ifa: b:: 5 : 4,
what are the values of a and b?

Calculate the % of free SO in oleum that is labelled as
106%.
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. Il N - SOLUTIONS (Numerical Problems) e ] ".

- and No. of = mass X Av.No.
atormc mass WUATE atomic mass

(8) .. For60gC: g-atom = %) =5

. g-atom=

60x 6.02x 102
12

(b) For224.4gCu: g-atom = -26234—'6“ =353

No. of atoms = =30.1x10%

No. of atoms = 22“'—4"663-‘?—“@ =21.24x10%

2.+ Natoms have 1 g-atom
2x10%
6.023x10%
** N atoms of element weigh 32g
-+ 2x10% atoms of element weigh
_ 32x2x10%
6.023x10% =R
3. (a) ' 1g-atomof Ag weighs 108 g
4g-atom of Ag weighs 108x4 =432 g
(b) -+ Natoms of Ag weigh 108 g

. 108 -23
*. 1 atomof Ag weighs ———————— =17.93 x10™" g
6.023x10%

2x10% atoms have = =0.33 g atom

4. °: Natom has 1 g-atom

-, 1 atom has -—1——3 =1.66 x10"* g atom
6.023x10?

5. Carbon atoms occupies the distance
=10* km=10*x10° m
=10* x10° x10% cm=10° cm
-. No. of carbon atoms placed across the line

S [ - =6.67x10'¢
0.15%10"

12x 6.67x10'¢
6.023x10%
=1.328x10" g =1.328 g

Mass of these carbon atoms =

6. - Natomof H weigh 1 g

1 atom of H weigh =1.66x107 g

1
6.023x10%
T % ttgl-lehas6023x1023 atoms

- 1 g He has g_oﬁx_lo_ atoms =1.506 x 10** atoms

Also, '+ 4gHes 22.4 Lat NTP
1 gHes %‘—‘ = 5.6 litre at NTP
8. 32 g 0, hasmole=1

64 g O, has mole = 64;1-2 mol

32 g O, contain 6.023x 102 molecules

\

6.023x10% x 64
64g0; contain —————— 32

=12.04 x 102 molecules

N molecules of O, weigh 32 g
1 molecule of O, weighs
- 32 _-5313x10P¢g
6.023x10”

9. Total rupees to be expanded = 6.023x 102

10.

11.

12. -

13.

15.

Rupees spent per second = 10
Rupees spent per year = 10% x 60x 60x 24 x 365

.+ 10% x 60x 60x 24 X 365 Rupees are spent in 1 year

6.023x 10%® Rupees are spent
6.023x 10

" 105 x 60x 60x 24 x 365
=1.9099 x 10" year
-+ 6.023% 10 molecules of CO, =44 g
44x10%
6.023x10%
=731x102 g =73.1mg
CO, left =200-73.1=126.9 mg

10*' molecules of CO, =

-3
Also, Mole of CO, left=—mass _ _ 126.9x10
molar mass 44
=2.88x107°

Mass of 1 atom of element = 6.644 x 107> g

Mass of N atom of element
=6.644x1072 x 6.023% 102 =40
40g of element has a 1 g atom

40% 10 g of element = M =10}
20 10° g atom
98g H,80, =32g S= 1gatom S
49g H,80, = 1’;;9g atom S=0.5 g atom of S

:;:":}“&?r r;‘olar volume is the volume occupied by 1 mole of

1.429g of O, = | litreat NTP

32g0f 0 = 232 litre at NTP = 22,39 litre at NTP

Molar volume =22.39 litre mol ™
. One mole of He occupies 22.4 litre volume
1 litre volume weigh = 0.1784g
22.4 litre volume weigh=0.1784x22.4=4¢ mol ™!
1 mole of H,SO, = 32 S
100 mole H,SO, = 32x 100 = 3200¢S
RgH,S0, = 328
100 g H,S0, = ‘:;%0 =32.65gS
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16. Mass of alloy cylinder = Volume X density =mr®h x d
2—72x (2.5)? x10x8.20=1610.7g

Mass of cobalt in alloy = Jﬁ%"lz =193.3g

58.9 g cobalt has atoms = 6.023x 10
193.3 g cobalt has atoms

= 6.023x10% x193.3 _ n
5 19.8 x 10
17. Molar mass CaCl, =111g

111g CaCl; = Nions of Ca = N ions of Ca?*

222 g CaCl, = .. >l<l2122 =2 N lons of Ca?*

111 g CaCl, = 2 Nions of CI”

222 g CaCl, _2x_1~:lxl2£ ions of CI-

=4 N ions of ClI~
18. Mass of carbon in dot=1x 10 g
12 g C = 6.023 x 10?* atoms

1x1076 g C= 8:023x10% x1x107
12
=5x10" atoms of C
19. Molar mass of BaCl, -2H,0=244¢
244 g BaCl, - 2H,0 = 36g H,0=2mole
488 BaCl, -2H,0= z’z‘f:fs =4 mole H,0

20. Molecule has C, H and other component
Mass of 9 C atoms = 12X 9= 108 amu
Mass of 13 H atoms = 13x 1=13amu
Mass of 2.33x 1072 g of other atom
L 23000% o or
1.66x10724
Total mass of one molecule
=108+13+14.04 =135.04 amu
molar mass =135.04 g
-21. Volume of virus

=nrzl=2—72xmxmx10"‘ x 5000 107

2 2
=0.884x107'6 cm?
Mass of one virus P
- _0-33‘:).’;;0 g=1.178x10"% g
', molar mass of virus

=1.178x107"¢ x6.023x10% =7.095 x 10’

22. Mass of K-40 in 370 mg K
— 370x0.012
100

.40 g K-40 has atoms of K-40 = 6.023x10%

mg = 0.0444 mg

0.0444 107" g K -40 how atoms
_ 6.023x10% 20,0444 %10
40
=6.69 10" atoms
23. Molar mass of mixture of NO, and Ny O4 =383 7 2~76.6
Let a g of NO, present in 100 g mixture
& Mole of NO, + Moleof N,O4 = Mole of mixture
4 1004 100
46 92 76.6
a=20,10g
Mole of NO; in mixture = —2-%3'9 =0.437

24. Molar mass of mixture of NO, and N, O, = 38,3 % 2=76.6
Let a molc of NO, are present in mixture
g of NO, +g of N,O4 = Total g of mixture
ax 46+ (100-4a)92=100x76.6
a=33.48 mol
25. Molar mass of CHy =16
16 g CHy m N molecules
25g CHy = %{(j”xﬁ molecules
=9.41x 10> molecules
16g CH4 = N atomof C

6.023%10%* x 25
25¢ CH e e e o S S
glh, = 16

=9.41x10? atoms of C
16g CH4 = 4N atoms of H

w1023
25 g CH,4 E&Mﬂ%&

=3.764 x 10** atoms of H
26. Normality = 0.02

Molarity=222 (..

atoms of C

atoms of H

valency factor= 2)

N[ole of oxalic acid=—= X — mole= MxV (1
. NO. of molecules of Oxallc acid

=0.001x6.023x10” =6.023 x 10?°
27. - Molar mass of CO, =44 and it has 32 g O, and one
molecule of O, has 2 atoms.
44 g CO, = 2N atoms of O
23
88g CO, = 2Xx 6.023:410 x 88 atoms of O
=24.092 x 102 atoms of Oxygen

Also molar mass of CO = 28and it has 16 g O and one atom
of O in one molecule of CO.

N atoms of O are present in=28g CO
24.092x 10> atoms of O are present in
_ 28x24.092x10” =112gCO
6.023x107



28.

29.

30. -

31

32.

33.

Given that, 3M +2N— M;N,
Let a is atomic mass of metal
(3a+28)g M3N, has metal = 3a
100 g M 3N, has metal = 4% 100
e T

3ax100
=72
(3a+28)
a=24
For minimum molar mass, insulin must have at least one S
atom in its one molecule.

3.4 g S then molar mass of insulin = 100
32 g S then molar mass of insulin = % =941.176

Minimum molar mass of insulin =941.176
100 g Haemoglobin has = 0.25g Fe

.. 89600 g Haemoglobin has

=0.25x89600 . _
06 g Fe=224g Fe

1 mole or N molecules of Haemoglobin has
= 25_264 g atom Fe =4g atom Fe

ie.,

1 molecule of Haemoglobin has 4 atom of Fe.
Let atomic mass of P and Q are a and b respectively.
molar mass of P,Q3 = 2a+3b
molar mass of PQ, = a+2b
Now giver: that 0.15 mole of P,Q; mass 159 g
15.9 mass

(h+3b)=0—l—5 " molar mass

and

Similarly, (a+2b)=

0 15
Solving these two equation b =18
a=26

Ag,CO, —45 2Ag +CO, +%o2

and molar mass of Ag,CO; =276
atomic mass of Ag =108
276 g Ag,CO; gives Ag=216g
2.76 g Ag,CO; gives Ag=2.16g
CaCO; — CaO+CO,
molar mass 100 56 44
100 g CaCOj; gives 56 g CaO and 44 g CO,
10 g CaCOj gives 5.6 g CaO and 4.4 g CO,

BaCl, -nH,0 —¢2> BaCl, + nH,0

molar mass (208 + 18n)
(208 + 18n) g BaCl, - nH,0 gives = 208g BaCl,

_ 208x1.763
1.763 g BaCl, -nH,0 2084180 gBaCl,
208x1.763
——— =15
208+18n e
n=198=2
Formula is BaCl, - 2H,0

= mole)

3s.

36.

37.

38.

39.

Numerical Chemistry

The reaction occurs as :
3Fe + 4H20-—'—) Fe;04 + 4H,
Mole ratio of reaction suggests:
Moleof Fe _ 3

Moleof H,O 4
= 3_3
Moleofl’e-—x4 2

Mass ofFe=%x56=42 g
Let valencies of Cu in two oxides be x and y, then

I oxide is Cu,0,

II oxide is Cu,0,, ]

InIoxide: Equivalent of Cu = Equivalent of oxygen
w _4a el
Al 8 D

where w, 4, x, and a are mass of Cu, atomic mass of Cu,
valency of Cu and mass of oxygen.

. W B (2
In Il oxide : Ty )
(" Oxygen used half of I)
By Egs. (1) and (2) §=%

*. Valency of Cu in I and II oxides are in the ratio 2: 1.
C+ 02 —-)CO;
12 g C requires O, = 22.4 litre = 1 mole = 32g
1000 g C requires
O =22-41+‘°°° litre = 1866.67 litre O,
air = 3X%Vp, = 5x1866.67=9333.35 litre
Urea is NH;CONH; ,having molar mass = 60 and nitrogen
in it is 28.
28g nitrogen = 60g urea
42.5 g nitrogen = —60);;2'5 =91.07 g urea

Since, 42.5 g mu'ogen is present in 100 g sample, therefore,
percentage of urea in sample = 91.07%

100 kg impure sample has CaCO; =95kg
. 200 kg impure sample has CaCO, =951"%°= 190kg

Now CaCO; — Ca0 + CO,
M. mass 100g 56g 44g
100 kg CaCO; gives CaO = 56 kg

190 kg CaCO, gives c«o:s"’]"#.:)90 =106.4 kg

PV=!RT

%—.g_uxoosznxsoo

Lct carbonate be M, (CO; )» and atomic mass of metal be a
Mz(C03 ),. —_— M;O,, +’IC02

" (2a+60n)g M;(CO, ), gives 44n g CO,

(for CO, gas)
700

760
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4.215 g M,(CO; ), gives 241x4215, o,

(2a+60n)
44nx4.215 _
2a+60n =2

Eq. mass=%=12.15

41. Taking the given reactions
4KClO; — 3KClO,4 + KClI
12KCIO — 8KCI + 4KClO;
12Cl, +24KOH — 12KCIO + 12H,0 + 12KCl
Adding 12Cl, + 24KOH — 3KCIO, +21KCl + 12H,0
molar mass of KCIO, =138.5
3x138.5g KCIO, is formed by = 12x 71g Cl,

100g K(13504 will be formed
= 12x71x100 _
3x138s 20s058
42. Potassium selenate is isomorphous to K,SO, and thus its
molecular formula is K ,SeQ,.
Now molar mass of K,SeO4 =(39x 2+a +4 x 16)

=(142+a)

where a is atomic mass of Se.
(142+a)g K,S¢0,4 has Se=ag

100 g K ,SeO, has Se = ::2102
% of Se = 45.42

ax100
——— =454
142+a i

- a=118.168 ~ 118.2
Also Eq. mass of K,Se0, =Molar mass

2
- 29+ 1182464 Ly
43. Given, cC H
10.5 1 - Total =11.5
Now from PV = ﬁ RT  forvapours of compound

2.8
==2x0.0821x 400
1x1 MxO
Molar mass of compound = 92
11.5ghas1 gH

92 g has 9121"5' =8g H=8gatomof H

andthus, 92 g has 84 g carbon = 7g atom carbon
& Molecular formula =C,Hg
4. 2C + 0, — 2CO
.24 96
Mole before reaction 7 =
=2 =3 0 -+ mole ratio of

Mole after reaction 0 2

(a) .. O, is left in excess.

(b) 2 mole of O, or 64 g O, is left.
(c) 2 mole of CO or 56 g CO is formed.

2 C:0,:00::2:1:2

67

(d) To use O, completely total 6 mole of carbon or 72 g
carbon is needed.
45. Balancing the giver equation
2V0 + 3F3203 —— 6FeO + VzOs

0 2 5.75
Mole before reaction & 160
=0.0298 0.0359 0 0

0.0359x2  0.0359 x %

Mole after reaction (0.0293 = Lﬁfﬁ) 0
Mole of FeO formed = 0.0359% 2
Mass of FeO formed = 0.0359x2x 72 = 517¢g
The limiting reagent is one which is used completely, ie.,
FE;OJ here.
46. Let the mass of polystyrene prepared by 100 g.
No. of mole of Br in 100 g of polystyrene

= 1046 _ 4 1308 mole
80

From the formula of polystyrene, we have,
No. of mole of Br =3 x mole of Br; C¢H; (CgHg ),
mass _ 3x100
008 = 3 el amss 315+1048
n=19
47. On passing through charcoal only CO, reduces to CO.
CO + C—— Noreaction

Volume a

Cco, + C—>2CO
Volume before reaction b 0
Volume after reaction 0 2b
As given a+b=1 and a+2b=14

b=0.4 litre %ofb=0—'l4x100=40%
a=0.6 litre %ofa=°—-l6x|oo=6o-/.
48. CO, + C—2C0
Initial volume 1 0
Final volume (1-a) 2a
Given l-a+2a=14
¥ a=0.4 litre
o CO; =1-0.4=0.6 litre
and CO=2x0.4=0.8 litre

49. Let formula of hydrocarbon be C,H,
CH, @ [a+%] 0; —> aCO, + % H,0(/)

Volume taken 5mL 30 mL 0 _
Volume left _sla4 2] —
0 30-5 I—a+ ry Sa
Also given

Volume absorbed by NaOH is of CO, formed =10 mL
Volume absorbed by pyrogallol is of O, left = 15 mL
Volume of O, used =30-15=15mL



51.

52.

=4
Hydrocarbon is C, H,.
280, + 0, — 2SO0,
Initial mole 10 15 0
Final mole (10-2x) (15-x) 2
Given 2x=8
x=4

Mole of SO, left=10-2x4=2
Molgpf O, left =15-4 =11
LetamL CO, bmL CH, and ¢ mL N, be present in mixture,
Then a+b+c=20 (1)

co+%oz—>co2

Volume of CO = g; Volume of CO, =a
CH,4 +20, — CO, +2H,0())
Volume of CHy = b; Volume of CO, = b
N, + O, — No reaction
Volume of CO, formed = Volume absorbed by KOH
a+b=14mL -2)
Now Initial volume of CO+ CH,4 + N, + vol.of O, taken
— volume of CO, formed
— volume of N; — volume of O, left =13 (the contraction)
-.a+b+c+vol Oytaken — vol.of O, left—(a+b)-c=13
Vol. of O, used =13

%+2b= 13 ..3)
( volume of O, used =%+2b)

Solving Egs. (1), (2) and (3), we get

a=10 mL; b=4 mL; c=6mL
Let formula of ammonia be N, H,
N,, Hb ~— % Nz + % HZ
Initial volume 50 0 0
Final volume Go-x  &x  bx

ax  bx
=97
(50—.v:)+—2 +—2 =9

Washing of gas dissolves NH, and therefore, since washing
reduces the volume by 3 mL, thus

50-x=3
T x=47mL
Thus, N1=i;£mL; H,=4—;”’-mL
N

a+b=4 (1)

55.

Numerical Chemistry

Also, H, + %01 — H0
476 60.5 (H, is completely oxidized)
2

475
0 (60.5—'7)

Residual gases after combustion =N + 0, left
47b

48.75= 5;—"+60.5-—4— -(2)
By Egs. (1) and (2), a=1and b=3
Formula is NH;
C;H; + 50, — 3CO, +4H,0())
CH, +20, — CO, +2H,0())
CO+ % 0, —» CO,

LetamL, b mL and ¢ mL be volumes of C; Hg,CH, and CO
respectively in 100 mL given sample, then
a+b+c=100
and a=36.5
Now CO, is formed as a result of combustion of mixture.
Vol. of CO, formed

*+ 1vol. C;Hg mVBS 3vol. C02

1vol. CH, gives 1vol. CO,

1vol. COgives 1 vol. CO,

=3x36.5+(100-36.5)=173 mL

=3a+b+c

. Tin is converted into sulphide and hydrogen is left, this gas

contains H and S say H, S,
H,S, +bSn —> bsns+§Hz -m»%H,o

The reaction suggests that
Mole of H; : mole of H,O formed::1:1
Mole of H, S, : moleof H, ::1:a/2
100 _ 0.081 2
22400 18 " a
a=2
Molar mass of H,S, = V.D.x 2=17x 2= 34
Ixa+32xb=134
IX2+32xb=34

and

b=1
Thus gas is H,S.
Let formula of alkane be C, Hjui2
CiHaia +[n+"T+l] 0; — nCO, +(n+1)H,0()
Gives Volume of O, used 27
Volumeof CO, formed 4
n+(n+1)/2 9
n )
n=2
Alkane is C; Hg.
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$6. Let formula of ammonia be N, H,

b

N.H;—-—)%Nz + SH:
Volume before reaction 40 0 0
Volume after reaction 0 20a 208

20a +20b = 40+ 40= 80
(. an increase in volume occurs by 40 mL)

or a+b=4 (D
Now 40 mL O, is added,
Hy + 30; —H0(0)
Volume before combination 205 4
Volume after combination 0 (40-%)

Gases left after the end of reaction =30 mL
Volume of O; left + Volume of N, left =30mL
40-105+20a =30
b-2a=1 «(2)
ByEgs.(1)and(2) @=1 and b=3
~. Molecular formula of ammonia is NH,.
57. Volume absorbed by terpentine oil = 10 mL
Volume of ozone=10mL (terpentine oil absorbs O;)
Volume of 0, =100-10=90
Molar mass of ozonised o:

Volume or mole ratio of O, and O, is 900:100
Molar mass of ozonised oxygen = &’5%;.%“—

or 33.62= w or a=482

1000
molar mass of ozone =482
§8. Let the volume of NO and N, Obe a and b mL respectively,
then,

a+b=60 A1)

NO + N,0 + Hz——»%N, + Hy0()
Volume before reactionaml. dmL excess 0 0
Volume after reaction [} 0 383 mL

1 mole or 1 vol. NO gives % vol. N,

and 1 mole or 1 vol. N,Ogives 1 vol. N,
; %+b =38 -(2)

By Egs. (1) and (2), a=44mL
b=16 mL
9. n0, —> 20,
Vohume before reaction 50 mL 0
Volume after reaction (50-a) mL —2;—’mL
(LetamL of O, forms O,)
Volume of O, left = (50— a)
or 41=50-a
) a=9

Also Volume of Oy formed = 47~4]1= 6 mL

-2£-6 or n=3
n

. Molecular formula of ozone is Oy.
60. Formula of hydrocarbon be C, H,

C,Hy + (M%) 0, — aCO, +%H10(l)

22.4 litre C, H, gives 44ag CO,
112 litre C, H, gives = “;"2%‘-“"—”; Co,
4Max1.12 _ 22
224

a=1
22.4 litre or 1 mole C,H,, gives—bz—x 18g H,0

. , b 18x1.12
1.12 litre C,H, gwesix—;%a—g H,0

bx18x1.12 _
2x22.4 =18
b=4
Hydrocarbon is CH

Mass of 1.12 litre CH, atNTP=L62X_21.zQ=o_s

Also, volume of O, used in combustion for 22.4 litre
CH,

=a+%= 1+1=2mole
22.4 litre CH, requires 2 mole O, or 2x 22.4 litre O,
1.12 litre CH,4 requires 2 mole O,

_2x224x1.12 _ -
S 2.24litre O,
6.  C,H,,0, +(n+37"—%) 0, —> nCO, +%H20(1)
Volume taken 16 60 0
— L 3n_m
Voiume left 60 16(n+ y 2) 16n —
Volume of CO, = 16n = volume absorbed by KOH
16n=44-12=32
n=2
Volume of O, left =12
*. Volume of O, used = 60— 12 = 48
3n_.m
16| n+=—-== =
(n 7y 2) 48 m=1
Formula of Compound =C,H¢O

62.  Mole of CO, formed = % =0.330
CH4 2 202 e C02 =+ ZHIO;
a mole

C,H, + 30, — 2CO0, +2H,0
b mole

CO, formed = a+2b = 0.330 (1)

Also ax16+bx28=5.0 «(2)
By Egs. (1) and (2) b=0.07
a=0.19

wen, =0.19%16=3.04
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wene =0.07%x28=1.96
%C2H4-T96x100 392
%CH4 =.3;.4x]00 608
6. CHy + 10,—13C0 + 4H;0()
Mole bef i 4. 14
ole ore reaction 4 o
Mole after reaction 0 (% 444 ;) l:;_d

Mole of CO formed = 3x4
Y

Mass of CO formed = %“ x28g =7.636 g

64. !-'or spherical shape of nucleus, since whole mass of atom is
in nucleus and therefore,
Mass of one nucleus = Volume of nucleus x density
Atomic mass 4

—_— = — 3
Avogadro’sno. 3 w
For F nucleus
19 4 ~13 3
————-=—n(5x107")" xd
6.023x10% 3
d=6.02x10" gmL™!
65. M = volume of atom X density
Av. No.
_ 5494 _A4.3 .74

6.023x102 3

r=1432x10" cm
and Volume = %nr’ =1.23x10"% cm®
66. Let Al, Mg and Cu be a, b, ¢ g respectively.
2Al + 2NaOH 22, 2NaAIO, + 3H,

Mg + 2HCl — MgCl; +H,
Cu + HCl —— No reaction
i.e., only Al reacts with NaOH and then only Mg reacts with

HC1
a+b+c=8.72
b+c=2.10 (Residue left after alkali treatment)
c=0.69 (Residue left after acid treatment)
b=14l1g
and a=6.62g

%of,\l=§-@xloo=7s.9

% of Mg = s' Lx100=16.2

% of Cu= g?}*’xnoo 7.9

67. The reaction,
Ca0 + Ca(HCO; ); — 2CaCO; + H,0

Eq. of Ca(HCO; ), present in hard water (1 litre)

162 _p02
162/2

68.

69.

70.

71.

72.

Numerical Chemistry

Eq. of 10 required to remove Ca(HCO3 ), in 1 litre
=0.02

Eq. of CaO required to remove Ca(HCO3 ), in 10° litre
=0.02x10°

Mass of CaO=0.02x 10° x 5—6g =56x10°g

_1x107 x10°
mMof MgCl, === 95

(milli . x 1000)

___mass
Molar mass

o 8

_1x107 x10° _
mM of CaCl, 111 ¥

mM of CaCO; if MgCl, and CaCl, are taken in form of
CaCO; ; | 106

=95t 111~ 11195
(-~ Ca, Mg are both bivalent .. mole ratio is 1:0)

. - 00
Mass of CaCO; mlO()OmL—“lx95 —g

1000
Hardness in ppm (part per million)
_ gofCaCO; _  206x100x10°
T10°gof H,0 111x95x1000x 1000

Hardness =1.953 ppm

M %, M(NO; ), —2 M0,

where 7 is valency of metal
. Eq. of metal = Eq. of nitrate = Eq. of metal oxide =
oxygen

=1.953

Eq.of

Woett _ Worygen
Em:hl onygm
1.60_2-1.6
E 8
E=32
M (NO; ), —> M,(S0,),
Eq. of M (NO5 ), = Eq.of M, (SO, ),
1 _ 086
a,62 a_ 96
n 1 n 2
where, a is atomic mass of metal and # is its valency

8_E
n
1 _ 086
E+62 E+48
E=38

LetEq massofCabeE
ca+502 — Ca0

Equivalent of Ca = Equivalent of CaO
135_ 1.8
E E+8
Eq. mass of Ca = 20.375
atomic mass of Ca = 20.375x 2 =40.75
Atomic mass X specific heat = 6.4

ax0.057=6.4
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a=1122%
Now Equivalent of metal = Bquivalont of metal sulphate

-;‘:—, ;:‘:“ (v Bq. masy ot‘SO;’ =4K)
& = 18.24
. Valency of metal Atomic mass _ 11228 1
Gy F et = Eq. mass W24 kN
=] (' Valency is integer)

Exact atomic mass of metal = Eq. nuss X Valency
=824 x1=114.72
3. MBr, +xHCl — MClI, +xHBr
Mass of MBr, = 1.878¢g
Mass of MCl, =1.0g
For the reaction, Equivalent of MBr, = Equivalent of MCl,
1878 _ 10
E+80 E+35S5
E=1518
atomic mass X sp, heat = (\4

4 _asm

Atomic mass _ 45.71 _
Eqmass  15.18 i

atomic mass of metal M = —— 0 ‘
*. Valency of metal = ———

(intoger)
Exact atomic mass of metal = 15.18x 3 = 45.54
Molar mass of MBr, = 45.54 + 80 3 = 285.54
74. Let hydrated sulphate be M, (SO ), -mH,0
where n is valency of metal
Also, atomic mass X specific heal =64

atomic mass of metal = m =26.67
Now, Eq. of metal = Equivalent of Nom
8.1 _ 432
aln 96/2
n=23.2x2xa _ 43.2x2x26.67 _ 5 96
96x 8.1 96x 8.1
n=3

Exact atomic mass of metal = 9x3=27
Mz(SO, )3 mHzo
M. mass = 2X 27+ 96% 3+ 18m = 342+ 18m
(342+18m)g M, (SO4)3* -mH,Ohas 18mg H,0

18mx 100
100g M, (SO ); -mH,Ohas = WB H,0

'&"x‘w—%ofﬂ,o-loo—sl 432=48.7
342+
m=18
Formula of hydrated sulphate M3 (SO, )3 -18H,0
Slnce metal has atomic mass 27, it will be Al Thus,
llllphlw i8 Al;(SO4); - -18H,;0.

75. Meg. of Ca(OH); = %x1000= 14 _ 1000 =2000

7402
Meq, of NaOH = -i—gx 1000=500 (- Enson =40
Meq. of H,80, = 3;—‘92 x1000=50 (- Eys0, =49

Al

76, Meq, = u 1000

0= ¥ % 1000
4!)

w=2g
77, v NV (in1)= lgquivalent
: 50
" NX2= 000
N =0.028
. Ni, COy % CaC0,
Meg, uI'Nu;('(), Mg, of CaCOy
1,0362 > 1000
000 =
/? x10e 100/2
lej oy = | 0‘)"4“

% purlty = : ‘2’(',:" X 100=91,16%

o _ 074 (“ - w)
Eq. of Ca(OH), 7472 . W
Volume of solution = 5/ 1000 litre
N = 0.74%10002
H4x5
- ¢ - N - 4 -
s Vulency 2 2

3 ()5

7. (a)

(b) + Bq. ofll(,l-

and  Volume of unluli(m w 200/ 1000 litre

- _l._(r_S_x_I_(_)QO -()5
36.5%200

N 08
Valency 1 o

()  Eq.ofH,S0, 'T](") x2  (

and

.+ Eq. = mole x valency)
Volume of solution = 500/ 1000 litre

= 2x1000 o
= 0% 500 0.4 and M-—Z- 0.2
80. Meq.ofH,SO4 =0.2%x 1200 (© Meq.=N xVinmL)
w -
49x 1000 =240
w=11.76 g
81. 6Ca0O + P40|o—’ 2C3;(P04 )2
Base Acid Salt
Mole ratio of reactant = £a0 _6
PO, |

Molar mass of P40,y = 284

Mole of CaO required = 6 x mole of PyOyp = x 352

* 284
Mass of CaO required = 9—’%2 x 56=1008 g
82, Meq. of Na,CO; =Meq.of H;SO;4

(for complete neutralization)
Meq. of Na,CO, =45.6x0.235

= 0.235
lwleooo 45.6x0.2

w=0.5679g



95 g pure Na 2CO0; is to be taken then weighed sample

=100g
0.5679 g pure Na,CO; is to be taken, weighed sample
100x90_5679 =05978 ¢

83.  Meg. of H,SO, =Meq.of CuCO,

(Eq.masof QuCo, =%)
0.5x2x1000
1235
¥ =8.097 mL
84. Meq. of H,SO; =Meq.of NaOH (- Meq.= N x¥inmL)
Nx12= 15x—
10

0.3x7xl'

__I5
10x12
15
Strength= o -
Bh=Tox12 <4 G Sl
=6.125 g/ litre
85. Normality of acid= ng] (i basicity of acid)
1000 _
N VaOH = 30,1000 _
ormality of NaOH 4Ox 1000
Now, Meq. of acid = Meq. of NaOH
39
=—=—x100=1x95
> x1
n=2 ie., acidis dibasic.

86. -~ Meq. of solute does not change on dilution
Meg. of H,SO; (conc.) =Meq.of H,SO, (dil.)
0.1x0.1=N x 1000
(-~ Meq.= N xVinmL)
n=10"%
87. Meq. of original H,SO4 =30x 1=30
Megq. of H,SO; after passing NH; =30x0.2=6
2 Meg. of H,SO; lost=30-6=24 -
Meq. of NH; passed =Meq.of H,SOy lost

X x1000=24
17
wxiy = 0.408g
Volume of NH; at STP = &4—’]‘7"-—4"3 = 0.5376 litre
=537.6 mL
88. For NH;, PV=£RT
w_PV__02x2 __qq608
m RT 0.0821x303
Mole of NH; = Equivalent of NH; =0.01608
: Meq. of NH; =16.08
Now Megq. of H,SO4 = Megq.of NH;
Nx134=16.08
N =012

Numerical Chemistry
89. Ca + %oz —Ca0
Equivalent taken 1/20 excess
Equivalent after reaction 0 — 1/20¢- Eq.=w/E)
. (S - N= Eq.
New =357~ 00 ( Vin Im-e)
90. - Meq. of metal =Meq. of HCI
%x 1000=32.5x1
E=56
91. (a) Meq. of HCI=100x0.1=10

Meq. of NaOH = 50 0.25=12.5
~» HCl and NaOH neutralize each other with equal
equivalent
Meq. of NaOH left =12.5-10=2.5
Volume of new solution = 100+ 50= 150 mL

2
Nyoon left= I-T-Z =0.0167

(b) Meq. of H,SO4 =100x02x2=40
(- N=
Meq. of HC1=200%x 0.2x 1= 40
Total Meq. of acid = 40+ 40= 80
Total volume of solution = 300 mL

=80
ion =306 =0.267

() Meq.of H,SO; =100x 0.2x 2=40
Meq. of NaOH = 100x0.2x 1= 20
Meq. of H,SO, left after reaction = 40— 20 = 20
Total volume of solution = 100+ 100 = 200 mL

N“‘so‘ leﬁ=T0-01

(d) Meq. of NaOH = 1x 1000 = 1000
Meq. of HCl=100x0.1= 10
Meq. of NaOH left after reaction = 1000—10= 990
Total volume of solution = 100 mL

Nnon left -%’ =99

M x Valency)

N acid sot

92. Let¥; mL of NaNOj is mixed with ¥, mL of Ca(NO; ),
mM of NaNO; mixed = 0.2x¥;
mM of Ca(NO; ), mixed = 0.1x¥,
Mole ratio of Ca** :NOj in Ca(NO, ), is 1:2
Molarity of NO3 in mixture
=[NO3 ]of NaNO; +[NO3 ] of Ca(NO; )
_02xK  0.1x2xV,
Gi+1) (K +h)
_ (021, +0213)
YA
Similarly, Molarity of Na* and Ca >*
_02xK 0.xk,
W+ Kan

in mixture
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_ (02K +0.%,)
" +7)
Now, given that, Molarity of NOj
= % Molarity of Na* and Ca?*

0.2/, +02V; _3 [(o.zvl +0.17;)
+n) 2 i) ]
LT
V, 2
93. “: 15 Meq. of each separately react with KOH and therefore
only 15 Meq. of KOH are required every time.
Meq. of KOH required = 15

X x1000=
56 15

* w=084¢g
94. Mcq of conc. solution = 1600x 0.2050 = 328
Let after dilution volume becomes ¥ mL
Meq. of dil. solution = 0.20xV

5 328=0.20xV

: V =1640 mL
Thus, volume of water used to preapare 1640 mL of 0.20N
solution

=1640-1600=40 mL
95. w=12g BaCl,; W =100g solution
For 50 g solution: wpg,cy, =68; Wioiution = 508

WBaCly2H0 = 20234 =7.038¢

- Wi = 50-7.038=42.962 ¢
9. Na + H,0 —> NaOH +

i
NaOH + HCl — NaCl + H,0
Thus, Megq. of Na = Meq. of NaOH formed = Meq. of HCI
used -
a5 B v of HCl= N x
o ——x1000= 365 —xV (Meq. 1)
¥V =10 mL
97. Al;(SO4); + BaCl, — BaSO, d + AIClL,
Meq. before mixing 20x 0.2% 6 20x0.6x2 0 0
=24 =24
Meq. after mixing 0 0 24 24
(Meq.= N x¥inmL= M x valency XV in mL)
[A]J* 24 — =02 M

3 24
= _o6m
[C17)=25=06

No concentration of Ba2* or SOi‘ in solution since BaSO,
gets precipitated.
98. The reaction shows two H atoms replaced from H; PO,
Basicity of H;PO, =2

73
99. 1 mole of H;S = Smoleof Hz SO,
34 = Imolo of H,S = $ moleof H,S0,
020%xV = §
5
B ev— s
14 030 25 litre
100. AgNO; + HCl —— AgCl  HNO,
Meg. mixed :72, x1000  200x$
=10 = 1000 0 0
Megq. after reaction 0 990 10 10
Meq. of AgCl formed = 10
—2_x1000= 10
I43 1435
S WagQl -1.435 14
101. AgNO; + NaCl — AgCl + NaNO;,
Meq. mixed -27—(;1 1000 287; x 1000
=133.94 = 81.54 0 0
Meq. left 0 47.60 33.94 33.94
2 Megq. of AgCl formed = 33.94
w
—=—x1000=33.94
1435
wagar =4.87¢
SRR by E— o Eq.
102 Nwa=gg5x10071000 - ( ~Vin lme)
Let w g of BaCl, is dissolved in 250 mL then
w
=—Y¥ =00
Ng.cu & " 250 385w
2 1000
*. [CI” ]in both is same.
Nnsct = Noci,
0.646 = 0.0385w
w=16.80 g
103. Given,

3Pb(NO,), + Cr,(SO,); —> 3PbSO, | +2Cr(NO,),
Meq. before reaction 45x 0.25x2 25x0.1x 6

=225 =15 0 0
Meq. after reaction 715 0 15 15
Megq. of PbSO, precipitated = IS
_ mM of PbSO, precipitated = 7

Mole of PbSO, precipitated = 75 X —L_ =0.0075

1000
Meq.
total volume x valency

[Pb2* )= 7(7) 52-0 0536 M

[Normality] =

Also,

= 7.5+15
_..___-0

[Cr"]=m =0.0714 M
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104, Meq.ofNa2C03-H10=gg62—2X1000 (-VEEXIOOO=Meq.)
=10

Megq. of H,SO, =100x 0.1=10

Na,CO; +H,S0, —> Na,S0, + H,0+C0, T
Megq. added 10 10 0 0 0
Megq, left 0 0 10 10 10

10 _

100 0.1
Solution becomes neutral since both acid and base are used
up and Na, SO, does not show hydrolysis.

Mass of Ag = % =045

Meq. ong-%xlOOO 4.17
Now, Ag > AgNO; K5, AoCNS
Equal Meq. reacts and therefore,
Meq. of KCNS = Meq. of AgNO;
=Meq.of HNO; =Meq.of Ag
Nx25=417
N =0.167
Meq. of H,SO,4 =Meq. of NaOH
Nx5=84.6x2
N= SL-‘S”‘_Z =33.84¢q. litre™

Nnayso, =

105.

HNO;

106.

Mass of H,SOy in 1 litre = 33.84 x 49

Density or mass of H;SO, in 1 mL
- 33.84x49

1000
Puﬁty=l%x100=92.12%

1.658g / mL

107. H,SOy is 86% by mass.
Mass of H,SO, =86g

Mass of solution = 100g
100 .
=——20 __|
[787%1000 ¢

86 .
Minsson = ——lg0 — =15.68

l .787%x 1000
Let ¥ mL of this H, SO are used to prepare 1 litre of 0.2M

H,S04
mM of H, SO, conc. =mM of H,S04 dilute

V x15.68=1000x0.2

. _ 100
Volume of solution 1787

& ¥V =12.75 mL
108. Given, Mass of Al=2.7g
Equivalent of Al = 2—92 =03
Meq. of Al =0.3x1000= 300

For H,S0;4 given that solution is 24.7% by mass
Mass of H,SO,4 = 24.7g
and Mass of solution=100g
*. Volume of solution = M mL =84.75mL

109.

110.

111.

112.

Numerical Chemistry
24.7
Niigs04 = 100
1.18x 1000
Now, Meq. of H,S04 in 75 mL 5.95% 75 = 44625

and Megq. of Al added =300

Meq. of H,SO04 lcﬂ aﬂcr reaction
6.25—-300=146.25

Solution is diluted to 400;L
146.25 _
N"zSO‘ left =—466— 0.367

left =9ﬁ =0.183

=595

My,s04

KOH solution is 30% by mass.
Mass of KOH = 30g
Mass of solution=100g
Volume of solution = 13—0
(where d is density of solution)

and

Molarity = 6,90 = ——39
56x 100
1000xd
d=1.288gmL"
Given mole fraction of I, = 0.2

= =0.2 (1)

Also mole fraction of C¢Hg =1-0.2=0.8
N .

i 0.8 .(2)
where 7 and N are mole of I, and C4Hg respectively.
ByEgs.(1)and (2) 2=02_1

y Eqgs. (1) and (2) Noos 2
- Mgy T e B 1
WeeHs 4 WeHg 4x78
or n_%1000=-1000
WeHg 4x78
or Molality = 1000
= 4x78 i

Meq. of Al =Meg.of HCl =12x 0.05=0.6
Mass of Al = 0.6x9 =
1000 0.0054¢g
Volume of Al foil = %f“ mLorcm® =0.002cm’

Now, Area X thickness = Volume
Arca=0002 _ 0

“0.01
(thickness = 0.01cm)

Note: The maximum area is possible when 0.01 cm foil of Al
is completely attacked.
Mass of Fe, 0, = 070X 25

100

mole of Fe, 0, = 0.70x 25
100x 160

mole of Fe?* = 2%0.70x25 _ o
100% 160 2.1875x10

Eq.of Fe¥* =2.1875x10™ x3=6.5625x10"
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Also, Normality of NH; (aq, )= 23X 399x1000 _, 34

17x100
Eq. of NH; =Eq. of Fe**
1.34xV = 6.5625%107°
- V=49x107 litte=4.9 mL
113. Given, H,SO, is 93% by volume.
Mass of H,SO,4 =93¢
Volume of solution =100 mL
Mass of solution=100x1.84 =184 ¢

Mass of water =184-93=91g
Mole __ 9

Molall = = =10.
Y Mass of water in kg 91 s
98x ——
1000
114, c»féo2 —sCO w03
C+0, — CO, -(2)
Let a mole of C reacts according to Eq. (1) and b mole of C
reacts according to Eq. (2).
Then, +b= 18_ e
a D 1.5 3)
Also, MoleofO, used=3+b=—3%5 __ ( =£K)
oo 2+ ° " 0os21x291 \"TRT
or %+b= 1.046 (@)
By Egs. (3) and (4), a=0.908
b=10.592
CO, formed = 0.592 mole
m mole of NaOH given = 2x 500 = 1000
m mole of CO, formed = 592
Now the reaction of CO, with NaOH will occur as :
2NaOH + CO, — Na,CO; +H,0
m mole before reaction 1000 592 0
m mole after reaction 0 92 500
Na;CO; + CO,; + H;O—-) 2NaHCO,
m mole before reaction 500 92 0
m mole after reaction 408 0 2x92=184

408
MN-;CO; = -SF-O =0.816 M

Mo, = ‘?80-‘(') =0368 M
115. Let ¥ mL of each are mixed
For I solution. H,SO, is 30% by mass.
Mass of H,SO, =30g

and Mass of solution =100g
. _ 100
Volume of solution = 1218
ie., % mL contains 30 g H,SO,
¥ mL contains 30xV x 1.218g H,S0,

100
For Il solution. H,SO, is 70% by mass.
Mass 0fH2804 =70g
Mass of solution = 100g

116.

117.

118.

119.

76
Vv ion = .l___oo
olume of solution 3 mL

100 ;
— tains 70 g H,SO
IMOmLcon ins 70 g H,S0,

¥ mL contains

ie.,

610
70xl:(>)<016I g H,80,

On mixing these two, total mass of H]SO4

_[30x1.218_, 70x1.610]p ¢ 1 4924 ¥
‘[ 100 T 100 J BTV g

Total volume of solution = 2V mL
1.4924V
vl
52
98X 1000
Now, Mass of total solution = 2V x 1.425g =2.85V g
Mass of water = (2.85V —1.4924V )g =1.3576V g

1.4924V
1.3576V e

T
Consider one litre water or 10 m® of water
Volume of water =1litre =102 m® =1000 mL
1m® H,0 weigh 10° kg H,0=10° g H,0
107 m® H,0 weigh =10° x 107 g H,0=10’ g H,0

10°
M f =
ole of water T

. 1000
Molanty = l—8x—l
Molarity =55.6
Eq. of NaOH = 50x0.2=10
Eq.of HCl=5%x1=5
. Eq. of NaOH left after reaction with HC1=10-5=5
_Al§o NaOH reacts with FeCl; to give Fe(OH); which
on ignition gives Fe,0;.
. Eq. of NaOH used for FeCl; = Eq.of Fe(OH);
=Eq.of Fe,0; =15%0.1=1.5

~. Eq. of NaOH left finally = 5-1.5= 3.5

N ]ﬁ=£= X
NeOH 1€ 70 005N

Molarity of solution = =17.61

Molality of solution =

Total volume = 70 litre

Also, Eq.ofFe,0; =15

Megq. of barium salt = Meq. of acid
4290 1000= 21.64 x 0.477x 2
M2 Rt

Molar mass of salt = 415.61

415.61-137-36
2

Molar mass of anion = =121.31

Molar mass of acid = 121.31+1=122.31
The ionic strength () of a solution is given by

=lyz?
5z
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whene. c is the concentration of jon and Z is its valency.
m =-[05><22 +0.5%22 +0.1x 32 +0.3x |2

+04x12 +0.2x22)
=32
120. M o5
Naa +an
120 085
LIV +"H20 '
¥an
LY =H or 60 =l§
LIPS 5 WHO 85
18
Waa _ 15 60 _ ,
g 8518 0.59 (i)
Waa Wy o = 30 ...(ii)

Also,
waa =11.13g
Meq. of acetic acid = Meq. of NaOH

11.13
60 —==X1000=0.01xV;

V = 18550 mL =18.55 litre
121. Let n; mole of solute and 7, mole of solvent be present in

solution.
Given, n+ny =1
X| = and Xz = 12
ny +ny n +n,
= X _m
andthus, X, +X,=1 and T

(a) .. Mole of solute, n, = mole fraction of solute, X,
mole of solvent, n, o mole fraction of solvent, X ,
Total mass of solution = (X, -M; + X, -M,)
Total volume of solution= [X—'M'—;M] litre
X,
(X 1My + X :M3) p
_ X,p
T (XM + X M)
o MX|M|+MX2M2=X,p
or MX|M|+MM2“—X|)=X|p

Molarity M =

()}

or X, (p—- MM, + MM3)= MM,
X MM,
1= p+M(M1 M|)

(b) For a dilute solution X, M, << X, M,;
X,— unity,i.e, |
and  Puluion = Prolvent
Xip

Thus from &l. (i)n M= Mz

Thus molarity, M of a dilute solution is directly proportional
to mole fraction of solute, l.e., M o X |,
122. wanndbgmmumofAlundZninmlxm
a+bul67 (1)

Numerical Chemfsrry

AL+ 3HCI —> AICl; +3H,

Zn + 2HCl — ZnCl, + H,
27 g Al gives 3 3x2241itre H,

3)(—224& litteH, (-

atomic
%27 mass of

agAlgives
Al=27) )
Similarly 65 g Zn gives 22.4 litre H, (-
Zn =65)

atomic mass of

b g Zn gives 22:5)( b jitre H,

3x22.4xa  224xb b_
2x27 65
Solving Egs. (1) and (2)

=1.69 (2)

=1.25g
b =042¢g
Alternate solution
a+b=1.67 (1)
Meq of Al + Meq of Zn =Meq. of H,

1.69
000 000= 1000
7735 +65/2><l 24/2° @
Solve Egs. (1) and (2) to get a and b.

123. HCOOH —22% H,0+ CO

H,C,0, —L» H,0+CO+ CO,
Letamole of HCOOH and b mole of H,C, O, are presentin
original mixture.
Mole of CO formed= a + b
from from
HCOOH HLCO4
Mole of CO, formed = ﬁl:m

HZL04
Total mole of gases = a+b+b = a+2b

CO, is absorbed by KOH and volume reduces by ?';
Mole of CO, =%(a +2b)

b=%(a+2b)

alb=4

a:b::4:1
124, Let total millimole of Mg used for MgO and Mg, N, be a

and b respectively.
2Mg + 0, — 2MgO

Before reaction a 0
After reaction 0 a
3Mg +N; —» Mg;N;
Before reaction b 0
After reaction 0 b/3

Now, (a + %) millimole of MgO and Mg, N, are present in
the mixture.

MgO + 2HCl — MgCl, +H,0;
Mg)Nz + 8HCl — 3M8C|z +2NH,CI
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or the solution contains a millimole of MgCl, from MgO
and b millimole of MgCl, and %b— millimole of NH,Cl from

Mg;3N,.
Also, millimole of HCI used for this purpose
=21 + %

for MgO for Mg3 N,
Now, millimole of HCl or Megq. of HCI (monobasic acid)
=60-12=48

8

2a+ s 48 (1)
Further, millimole of NH,Cl formed = millimole of NH;

liberated = millimole of HCI used for absorbing NH;

%:4 or b=6 )

From Eq. (1)
Thus, % of Mg used for Mg 3N, =

7a+3L36=4s or a=16

7.27%
G+ 16)>(100 2 Yo

125. N,05 ==2NO(g)+ 502(3)

Initial pressure 600 0 0
Final pressure 600-P 2pP P/2 [P =< moleif
¥, T are constant (where mole equivalent]
to pressure P are decomposed)
Thus, 600—P+2P+P/2=960 or P =240mm Hg

Thus, mole fraction of N,Os decomposed = %3% =04
126. C3Hj + 50, —> 3CO, +4H,0())
C4Hyo + 1—2302 ——> 4CO, + 5H,0(1)

Let a litre of C;Hg and b litre of C4H|o be present in
mixturc.
a+b=3 (1)
Also volume of CO, formed =10=CO, formcd by
C;Hg +C02 formed by C4Hjo
10=3a+4b .(2)
Solving Egs. (1) and (2) b =1litre
127. Glauber’s salt is Na, SO, - 10H,Ohaving molar mass = 322

gmol™
. Mass of Na, SO, in 8.0575x 107 kg glauber salt
- 142 % 8.0575x10 =3.5533x 1072 kg
322
3.5533x107%
Molarity ‘ M’ of Na;SOy4 =
i * T la2x107 x1
o5 TN
; volume in litre
=0.2502 M

Mass of solution = 1077.2x10™° kg
=1077.2x107* x10° g =1077.2¢
Mass of Na,SO, = 3.5533x 107 x10° g =35.533g
Mass of water = 1077.2— 35.533=1041.667g

Mole of Na2$0‘

Mass of water in kg

_ 35533x10° _ _g24m
142x107 xlO‘?T;“z

Molality of Na,804 =

Also, Mole fraction of Na;SO4
Mole of Na,SO,

= Mole of Na, SO, + Moleof H,0
35533x107

= 142x10° =43x107°
3.5533x107 | 1041.667
142x107 18

128. Pb(NO; ), — PbO+ 2NOzT+§OzT
ag
NaNO; — NaNO, += ozT
bg
a+b=>5 (D
The loss in mass for 5 g mixture = Sxis--—l4g

Residue left=5— 1.4 =3.6g
The residue contains PbO + NaNO,
331g Pb(NO; ), gives =223g PbO

ag Pb(NO; ), gives = 224 g PbO

Similarly,
85 g NaNO; gives = 69g NaNO,

b g NaNO, gives = 925’;—” g NaNO,

223xa , 69xb _
Tl—+_85— =36 -(2)
Solving Egs. (1) and (2),
a=332g
b=1.68¢g
129. For a gaseous mixture of C,Hg and C;H,
PV =nRT
1% 40=nx0.082x 400
. Total mole of (C;Hg + C,H, )=1.2195
Let mole of C;Hg and C,H, be a, b respectively
a+b=12195 (1)
C2H6 +(7/2)0,—> 2CO, + 3H,0
C,H4 +30,— 2CO, +2H,0
. Mole of O, needed for complete reaction of mixture
=Ta/2+3b

Ta 130
—+3b=
= o (2

By Egs. (1) and (2), a=0.808
b=04115
Mole fraction of C;Hg = 0.808/1.2195=0.66

and  Mole fraction of C;Hy =0.34
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130. Sample of hard water contains 96 pPpm SOZ’ and 40 ppm

131.

Ca®" (CaSO,) Also it contains 183 ppm HCO; and
60 ppm Ca>* [Ca(HCO; ), ].
To remove Ca(HCO; ), from 10° kg or 10° g sample of
hard water which contains 243 g Ca(HCOs ), or 3/ 2mole
of Ca(HCO; ), , CaO required is 3/ 2mole.

Ca(HCO, ), + CaO — 2CaCO; + H,0
Thus, mole of CaO required = 3/ 2or 1.5
Also, Ca?" ions left in solution are of CaS0y, i.e., 40 ppm
Now, 1 litre water contains Ca?* after removal of

Ca(HCO; ),

_ 40x10°

- -3
s~ = 40x107 g

1073

-3
or [Caz*]=_—4°>;:)° =

If these Ca?* are exchanged with H* , then [H* ]in solution
=2x107?
pH=-log 2x10~> =2.6989
Mass of Na,CO; =ag
Mass of K,CO; =bg
a+b=120 (1)
For neutralization reaction 100 mL solution
Megq. ofNazcog + Meq. of K,CO;3; =Meq. of HCI

b 40x0.1x100
x1000+ ———— 138/2x1000 20

69a+53b=73.14 (2)
a=05962¢g
b=0.6038 g
Further, solution of Na,CO; + K,COj; gives ppt of BaCO,
with BaCl,.
Meq. of BaCO;

106/2

By Eqs. (1) and (2),

= Mﬂ of NﬂzCO; * Meq of K2C03
(in20mL)

Numerical Chemistry

=Megq. of HCI for 20 mL mixture
=40x0.1=4

¥ _x1000=4
197/2

132. Nua =365x1~
Since, Na,CO; is completely neutralized by HCI
Meq. of Na,CO; =Megq.of HCl
N x25=32.9%3
Nnago; =3.948
Now Na,COj; fresh solution reacts with H,SO,
Mass of Na,CO; solution = 125 g
Volume of Na,CO; solution = 125 _ 100 mL

125
Meq. of H,SO4 =Meq.of Na,CO;
0.84xV =100x3.948
Volume of H, SO, required =470 mL
133. mM of HC1=200xa+500x b

Molarity after diluting to 2 litre = 200X @+ 3500x b

2000
1.5 = 2002+ 5008

Th
- 2000

w

Also a_>
b 4

1.5x2000=200x§b+500b
.. b=4anda=5
134. H20+ SO;—) H2804
** 18 g HyOreacts with 80 g SO,
<. 6 g HyOreacts with 8‘:—:6 =26.67g

< % of free SO;=26.67 g
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" @ SINGLE INTEGER ANSWER PROBLEMS @

3.

5.

9

10.

11.

12.

13.

14.

15.
16.

17.
18.

. The number of mole of N,O, in 276 g N,O4 are ......

10 mL of ‘@’ M solution of HCI is mixed with 40 mL of
1M HCl to produce a mixture of 2M. The value of a is

Molar ratio in a mixture of water and absolute alcohol is
0.2. The mole fraction ratio of alcohol and water is ......

. 6 g of H, reacts with 14g N, to form 'NHj till the

reaction completely consumes the limiting reagent. The
mass of other reactant (in g) left are ...

1 g of titanium (atomic mass 48) reacts with Cl, to give
3.21875 g compound. The valence of titanium is ......

. A reaction requires two atoms of P for five atoms of O.

The amount in g of O, required for 3.10 g P :

A mixture of C;H, and H, (in excess) has a pressure of

60 cm Hg. The mixture on passing over Ni catalyst gives
C,H4(g)+H,(g) — CyHg(g). The resultant

pressure of mixture after completion of reaction at same

T and ¥ is 40cm Hg. The ratio of mole fraction of H,

and C,H, in original mixture are ......

. Haemoglobin contains 0.25% iron by mass. The molar

mass of haemoglobin is 89600. Number of iron atoms

present in one mole of haemoglobin are ......

A gaseous alkane C,H;,,, an explosion with O, gives
CO,. The volume of O required for complete

combustion of alkane to CO, formed is 7:4. The value

ofnis......

Compound S;N 4 decompose completely into S y (g)

and N, (g). If all measurements are made of same P and

T each volume of S4N4 gives 4.0 volume of gaseous

product. The value of X 18 suivss

0.98 g of a polybasic acid (molar mass 98) requires 30

mL of 0.5 M Ba(OH), for complete neutralisation. The

basicity of acid is ......

A solution of H,0, has normality % Its % strength is

CuSO, -5H;0is ......

Number of water molecules present in Mohr’s salt is
‘n’ factor for potash alum is ......

100 mL solution of an acid (molar mass 82) containing
39 g acid per litre was completely neutralised by 95.0
mL of aqueous NaOH solution containing 40 g NaOH
per litre. The basicity of acid is ......

The acidity of acid salt BaHPOy is ......

The basicity of acid salt BaHPOy is ......

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.:

31.

32.

3 mole of BaCl, are mixed with 5 mole of Na;POg in
1000 mL water. The maximum number of mole of
Ba;(PQy); formed are.....

A gaseous alkane C,Hy,2 18 exploded with oxygen. The
volume of oxygen for complete combustion of alkane 1
CO, formed is in the ratio 7 : 4. The value of n is :

In what volume ratio 0.1M Ca(NOs), and 0.2 M NaNO,
solutions should be mixed, so that the concentration of
negative ion is 50% greater than the concentration of
+ve ions.

The molality of 49% by volume of H,;S0, solution
having density 1.49 g/mL is....

The ratio of mole of Hz and CH, in a mixture having
equal masss of both is....

A mixture of C;Hs and excess of H, has a pressure of
60 cm Hg. The mixture on passing over catalyst forms
ethane. The pressure of resultant mixture under
identical conditions is 40 cm of Hg. The mole ratio of Hz
and C,H, in the mixture is....

Two acid solutions 4 and B are titrated separately each
with 25 mL of IN Na,CO; solution. The volume of each
acid used for titration is 10 mL and 40 mL respectively
for the complete neutralisation. The volume ratio of ¥3
and ¥, which is mixed to prepare one mL 1N solution
is...

The oxidation of toluene with KMnO; gives potassium
benzoate yield of 76.66%. The amount to closest integer
value of toluene to obtain 12g potassium benzoate
required is....

500 mL of aM and 500 mL of bM solution of a solute are
mixed and diluted to 2 litre to prepare a solution of 1.5
M. If a and b are in the ratio 2 : 1, then value of a is....
A sample of crystalline Ba(OH). - X H;O weighing
1.578 g was dissolved in water. The solution required 40
mL of 0.25N HNO; for complete reaction. Determine
the number of molecules of water of crystallisation in
base.

The specific gravity of a solution of 1.8 g mL™ having
62% by mass of acid. It is to be diluted to specific gravity
of 1.2 g mL™. What volume of water (in litre) should be
added to 1 litre of this solution?

A mixture of Xe and F; was heated and the white solid so
formed reacted with H; to give 81 mL of Xe at STP and
HF. The HF formed required 6843 mL of 03172 M
NaOH for complete neutralization. The empirical formula
of white solid is XeF,. The value of m is....

100 g HCl solution having density 1.20 g/ml contains R
g HCI. How much volume in litre of this HCl 18 required to
neutralise exactly 36 litre of N NaOH solution.

An element A forms a thiocyanate of formula
A(CNS),'nH,O. Analysis shows that compound
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33.
34.

3s.

36.

37.

38.
39.

40.

41.

42.

43.

45.

47.

. Mole of 400g CaCOyj is

contains 19.7% of 4 and 19% water. If atomic mass of A
is 55.96, the value of m is....

In the above problem14 value of n is....

A certain metal M forms an insoluble oxalate
M.04(C;04)512H,0. If 61.87g of the complex are
formed from n g oxalic acid (H,C,0,). The atomic mass
of metal is 100. The value of n is......

1 g dry algae absorbs 7.4x107 mole of CO, per sec by
photosynthesis. If the fixed carbon atoms were all stored
after the photosynthesis as starch (CeH,¢Os),, the time
fcquired in sec for absorption of CO, by algae to double
its own mass.

One litre of milk mass 1.035 kg. The density of butter fat
and fat free skimmed milk are 875 kg m™ and 1042 kg
m™>. The vol/vol per cent of butter fat in milk is...
Chloride samples are prepared for analysis by using
NaCl, KCl and NH,ClI separately or as mixture. What
minimum volume of 5% by mass AgNO; solution (sp.
gravity 1.19 g/mL) must be added to a sample of
0.1498 g in order to ensure precipitation of chloride in
every possible case?

Valence factor of potash alum is....

Valence factor of S in SO, is four and in SO; is six.
Valence factor of S in 2SO, + O, — 2S0; is....
2x10'" atoms of carbon are arranged in a straight line
occupying 2.4 cm putting side by side. The radius of
carbon atom in nm is....

23.1 mL of 0.115 M solution of NaOH is required for
the end point using bromocresol green for 25 mL of
0.107 H;POy. If the indicator phenolphthalein is used
then 46.2 mL of same NaOH requires 25 mL of 0.107 M
H;PO,. What is the ratioc of replaceable H-atom in
phenolphthalein and  bromocresol  indicators
titrations?

Number of equivalents of oxygen in 1M K,Cr,0; acting
as oxidant in presence of acid are....

1 mL of 12M HCI is spread over a thin Al foil of
thickness 0.1 mm and density 2.70 g/mL. Assumin
area covered by HCI dissolves Al only, the area in cm'
of hole produced in Al foil is....

. A hydrated salt MSO,-nH,O undergoes 43.9% loss in mass

on heating and becomes anhydrous. If atomic mass of
metal is 65, the value of n is....

The volume strength of H,O, solution is 11.2. What is
its normality?

A mixture of HCOOH and H,C,0 is heated with conc.
H,S0,. The gaseous mixture on passing through KOH

shows a reduction of % in volume at same P and 7. The

mole ratio of HCOOH and H,C,0, in mixture is.

Mole Concept and Equivalent Concept

L e mmEa—

1. Three 2. Six

48.
49.

50.

51.

52.

53.
54.

S5.

56.

57.
58.

59.

60.

61.

62.

Numerical Chemistry

Atomicity of sulphur in vapour state is ......

An aqueous solution of 6.3g oxalic acid
(H,C;04 -2H,0) is dissolved in water to prepare
250 mL solution. The volume of 1 N NaOH required to
neutralise 10 mL solution of oxalic acid is
Equal masses of hydrogen and methane are taken in a
contairer under identical conditions of P and T. The
mole ratio of H, and CHj is.

An inorganic compound ZnCr;,0,,9.81g Zn, 1.8 % 102
atoms of Cr and 0.6 g-atom of O. The value of x is
The equilibrium molarity of OH™ is 0.08 M in a solution
of 0.1 M(OH),. The % of dissociation of Ca(OH), is

How much of the following have equilibrium molality
of[H*]=0.6 M

0.3 M H,S04,0.3 M H3P0,,0.6 M HI,0.2 M H;PO,,
0.6 M HNO;. R

How much of the following are temperature
independent in case of solution.

Meq. of solute, mole of solute, % by mass, mole
fraction, molarity, normality, % by strength, strength,
molality.

How much of the following are dilution independent in
case of solution. Meq. of solute, mole of solute, % by
mass, mole fraction, molarity, molality % by strength,
strength, molality.

245 g impure KCIO;3 decomposes to give 2.4 g O,. The
% yield of product O, is ......

Equilibrium molarity of 196 g H,SO, present in 1 litre
solution is

loic strength of Ba % present in a solution obtained by
mixing 30 mL 0.1 N BaCl, with 40 mL of 02N
Alz (SO4 )3 18

A student performs a titration with different burettes
and finds titre value of 25.2 mL, 25.25 mL, 25.0 mL.
The number of significant figures in the average titre
value is (I1T 2010)
The volume (in mL) of 0.10 M AgNO; required for
complete precipitation of chloride ions present in 30 mL
of 0.01 M solution of [Cr(H,0)sCI|Cl, as silver
chloride is close to (1T 2011)
29.2% (mass/mass) HCl stock solution has a density of
1.25 g mL™". The molar mass of HCl is 36.5 g mol™".
The volume (mL) of stock solution required to prepare a

3. Five

4. Three 5. Three 6. Four 7. Two
13. Four 14. Six 15, Eight 16. Two 17. Two 18. One 19. One
25. Four 26. Nine 27. Four 28. Eight 29. Three 30. Six  31. Three
37. Eight 38. Eight 39. Two 40. Six  41. Two 42. Six  43. Four
49. Four 50. Eight S1. Four 52. Four 53. One 54. Three 55. Five
61. Six = 62. Eight

200 mL solution of 0.4 M HCl s (11T 2012)
81
8. Four 9. Two 10. Two 11. Three 12. One
20. Two 21. Two ' 22. Five 23. Eight 24. Two
32. Three 33. Three 34. Two 35. Five  36. Four
44. Seven 45. Two  46. Four 47. Four 48. Two
56. Two 57. Five 58. Zero 59. Zero  60. Three



1.

10.

A le contains 9.81 g Zn (atomic mass 65),
1.8 x10*" atoms of Cr and 0.6 g-atoms of Cr. The simple
formula of this compound is :

(a) ZnCrO, (b) ZnCr,0,

(c) anCl'04 (d) ZJ)CI'O)

- The number of H* ions present in 100 mL of 0.001 M

H,S0, solution is :
(a) 1.2x10%°
(c) 2.4x10%

(b) 6x10"
(d) 1.2x10%

. The atomic masses of two elements 4 and B are 30 and

90 respectively. If ‘a’g of element A contains ‘b’ atoms,
then number of atoms of B in 2a g is :

(a) 2b/3 (b) b/3

(c) b/4 (d) b/2

. A nugget of gold and quartz weighs 100 g. Specific

gravity of gold, quartz and nugget are 20.0, 4.0 and
5.0gmL™’ respectively. The mass of gold in nugget is:
(a) 30g (b) 35g
(c) 25¢ (d) 20g

. The mass of wet NaOH containing 20% water required

to neutralise 6 litre of 0.5 M H,SO, solution is:

(a) 3kg (b) 1.5kg
(c) 0.3kg (d) 0.15kg
1 g of an acid (molar mass 146) is completely

neutralised by 0.768 g KOH. The number of
neutralisable protons in acid are :

(a1 ®) 3

(c) 2 d) 4

The volume ratio of 6 N and 2 N HCI required to
prepare 100 mL of 5 N HCl s :

(a) 3:1 (b) 1:3

(c) 4:1 (d) 1:4

105 mL of pure water at 4°C is saturated with NH;
producing a solution of 30% by mass of NH;. The total
mass of solution after saturation becomes :

(a) 105¢g (b) 130g
(c) 150g (d) 160g
The total ionic strength of solution on mixing 10 mL of

1| N AgNO, and 90 mL of 1 N BaCl; solution is

(a) 2.8 (b) 2.6

(c) 1.35 d) 1.2

The mass of § litre C¢H,, is maximum at :
(a) 10°C (b) 20°C

(c) 30°C (d) 40°C

An aqueous solution of glucose is 10% by mass/mass of
solution. The percentage by mass/mass of solvent is :
(assume dy o =1)
(a) 11.11%
(c) 20.22%

(b) 15%
(d) 22.22%

: OBJECTIVE PROBLEMS (One Answer Correct) :

12.

13.

14.

15.

16.

17.

18.

19.

20.

Numerical Chomisr,y

The equivalent mass of a metal is double that of oxygen,
The ratio of masses of metal oxide and mass of the meta]

is :

(a) 2 (®) 15

(©) 2.5 (d) 3.0

The volume and radius of 1 molecule of water is :

(asume d"p =]g / mL)

(@) 3.0x1072°,1925A (b) 6.0x107%,2.42A

(©) 3.0x1072,1.925A (d) 6.0x1072,1.925 A

If a = 49g H,S0, + (3 x10* molecule H,SO,) -
(0.02 N H;S0,),

then the value of a is :

(a) 0.9 mol (b) 0.99 mol

(c) 0.8 mol (d) 0.88 mol

Which of the following gases does not show correct

variation in figure where volume vs. gas plots are made.

Each gas is taken in equal mol at STP ?

H, He CH, N, CO 0O,
(a) Heand H, (b) CH, and He
(c) COandN, (d) O, and CO
A solution requires [OH™]=2 M. If degree of
dissociation of Mg(OH), is &, what analytical molarity
solution of Mg(OH), needed is equal to:
(@) Oll (b) 2a

|

(c) 5 d) P
Hardness of water is 400 ppm. The molarity of CaCO,
in this water is :

(a) 4x107% M (®) 4x107° M

(c) 4x107° M (d) 4x107" M

The volume strength of 1.5 N H,0, solution is :
(a) 4.8 (b) 8.4

(c) 3.0 (d) 8.0

The normality of 0.3 M phosphorous acid :

(») 0.1 (b) 09

(c) 0.3 ) 0.6

How many g of KCl would have to be dissolved in
60g H,0t0 give 20% by mass of solution:

() 1.5g (b) 15y

(¢) 25 ¢ ) 12



Mole Concept and Equivalent Concept

21.

29.

10 mL of oxygen and 60 mL of H, is sparked ull
!t_zfﬁmisunﬂa:mﬁxmﬂzom.:\ﬁﬂminingthe
initial condition of P and T, the reduction in volume (in

mL) of gases after reaction is:
(@) 30 ®) 40
(c) 20 @ 10

10 mL of CH4 was burnt in limited supply of oxygen
forming CO, and CO in the ratio 99:1 along with water
vapours. The volume of oxygen needed in mL for the

change is:
(@) 1995 (®) 199
(c) 995 d 99

The formula of a hydrated salt of barium is
BaCl, - XH,O. If 1.936 g of this compound gives
1.846 g of anhydrous BaSO, on treatment with H,SO,,
the value of X'is :

@ 7 ®) 5

() 3 d 2

40% (mass/vol) NaCl has specific gravity 1.12 g¢/mL. In
ppm the concentration of NaCl is:

(@) 55x10° ppm (b) 3.57 x10° ppm

(c) 1x10° ppm (d) 4x10° ppm

What mass of NH; contains same number of atoms as in
4g-atom of oxygen:

@ 17¢g ®) 68 ¢

(c) 2¢g d) 34g

The ratio of oxygen atoms in Ca; (PO,)> and H3PO; if
each sample of Ca; (POy), and H;PO, contains same
number of P atoms:

3 4
@) 2 (b) 3
2 3
(©) 3 () 2

Sclectd:einomwtsmmnemforexaanamalisaﬁonof

1 mole of Ba(OH); by:
(a) 1.5 mole of H;PO;

© %mole of HyPO,
A gaseous mixture of H, and CO, contains 44% of CO,
hymss.'l'hcvapowda:sityofmixnncis:

(b) 1 mole of H,SO4
(d) 2 mole 0fH3P02

(a) 2.72 () 1.72

(c) 3.45 (d) 1.36

On heating 17.0g AgNO;, the residue left is :
(a) 1.16 g (b) 108¢g

(c) 232¢ (d) 1.08g

How many gram of dibasic acid (molar mass 200)
should be present in 100 mL of the aqueous solution to
give 0.1 N solution :
(@ lg

(c) 05¢g

() 15g
d) 20g

31

32.

3s.

37.

38.

39.

41.

Specific volume of a cylindrical virus particle is
6.02 1072 mL / g, having the radius and length 7 Aand
10 A respectively. What is the molar mass of virus:

(a) 15.4 kg/mol (b) 1.54x10* kg /mol

(c) 4.68x10* kg /mol  (d) 2.08x10* kg /mol
Percentage of Se (atomic mass = 784) in peroxidase
anhydrous enzyme is 0.5% by mass. The minimum
molar mass of enzyme is :

(a) 1.568 x10° (b) 1.568 x10*

(c) 25.68 (d) 4.316x10*

2.5 litre of 1 M NaOH solution is mixed with another 3
litre solution of 0.5 M NaOH. The molarity of resultent
solution is :
(a) L.OM
() 0.73M

(b) 0.84 M
(d) 0.56 M

. What volume of O, gas at 0°C and 1 atm is needed to

burn completely one litre of propane under same
conditions :

(a) 5 litre (b) 10 litre

(c) 7 litre (d) 6 litre

How many mole of lead (II) chloride will be formed
from a reaction between 6.5 g PbO and 3.2 g HCL

(a) 0.011 (b) 0.029

(c) 0.044 (d) 033

The maximum number of molecules is present in :

(a) 15 litre of H, gas at STP

(b) 5 litre N, gas at STP

(c) 0.5gofH, gas

(d) 5gof0O, gas

27g Al will react completely with .......... g oxygen:
(a) 8 (b) 16

(c) 24 (d) 32

10 g CaCO; contains:

(a) 10 mole of CaCO; (b) 1g-atom of Ca

(c) 6x10* atoms of Ca (d) 0.1 equivalent of Ca
Which of the following has highest mass?

(a) 20 g phosphorus

(b) 5 moles of water

(c) 2 equivalent of Na,CO;

(d) 12x 10 atoms of hydrogen

When the same mass of Zn is treated separately with
excess of H,SO, and excess of NaOH, the ratio of
volumes of H, evolved is:

(@ 1:1 (b) 1:2

(c) 2:1 (d) 9:4

2.76 g silver carbonate on heating strongly yields a
residue weighing:
(a) 2.16 g

(c) 2.32¢g

(b) 248 ¢
(d) 2.64 g



42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

A gaseous mixture contains oxygen and nitrogen in the
ratio of 1 : 4 by mass. Therefore the ratio of their
molecules is:

(@) 1:4 (b) 1:8
(c) 7:32 d) 3:16
The largest number of molecules is in:
(a) 36g H,0 (b) 28g CO

(c) 46g C,H;OH (d) 54g N,05

0.50 mole of BaCl, is mixed with 0.20 mole of
Na;3POy, the maximum number of mole of Ba 3(POy),
that can be formed is:

() 0.70 (®) 0.50

(c) 0.20 (d) 0.10

A molal solution is one that contains one mole of solute
in:

(a) 1000 g of the solvent (b) 1 litre of the solvent
(c) 1 litre of solution (d) 22.4 litres of solution
The pair of compounds which can not exist together in
solution is:

(a) NaHCO; and NaOH (b) Na,CO; and NaHCO,
(c) Na,CO; and NaOH (d) NaHCO, and NaOH

In which mode of expression, the concentration of a
solution remains independent of temperature?

(a) Molarity (b) Normality

(c) Formality (d) Molality
At1000°Cand 1 atm, if the density of the liquid water is
1.0g cm™ and that of water vapour is 0.006g cm ™,

then the volume occupied by water molecules in 1 litre
of steam at this temperature is:

(@) 6¢cm? (b) 60cm?>

(c) 0.6cm? (d) 0.06cm?

The difference in the volume of gases obtained after
complete decomposition of 100 mL sample of NH; and
PH; each separately. Given that both produce all the
product in vapour state:

(a) 25mL (b) 50 mL

(c) 75mL (d) 100 mL

The molar ratio of Fe**and Fe**ions in a mixture of
FeSO,4 and Fe,(SO,); if each component of mixture
provides equal no. of sulphate ions :

(a) 2:3 (b) 3:2

(c) 1:2 d) 1:4

Number of mole of Na‘*ions in 20 litre of 0.4 M
Na3;POy is:

52.

53.

54.

5S.

56.

57.

58.

59.

Numerical Chemistry

(a) 8 (b) 24
(c) 16 d) 12 ‘
28 g KOH is used to completely neutralize CO,

produced by heating 60 g in}purC sample CaCOj;. The
percentage purity of CaCOj3 is

(a) 83.32 (b) 20.83
(c) 41.66 (d) 40.09 o ‘
An aqueous solution of 6.3 g oxalic acid dihydrate is

X NaOH
made upto 250 mL. The volumg of 0.1 N ;
required to completely to neutralise 10 mL of this

solution s : (IIT 2001)
(a) 40 mL (b) 20mL
(c) 10 mL ) 4mL )
How many mole of electron weigh one kilogram ?
(IIT 2002)
23 1 23
(a) 6.023 x10 () 9108 x10
6.023 x10** 1 108
© =75 108 @ 3 108x6023 *

0.02 mole of [Co(NH3)sSO4]Br and 0.02 mole of
[Co(NH;)sBr]SO; were used to prepare 2 lire
solution. One litre of this solution on treatment with
excess of AgNOj gives Yand Zrespectively. Number of
mole of Y and Z obtained are : (11T 2003)
(a) 0.01, 0.02 (b) 0.02,0.02

(c) 0.01,0.01 (d) 0.02,0.01

Which has the maximum number of atoms? (IIT 2003)
(a) 24gC(12) (b) 36 g Fe (56)

(c) 27g A1 (27) (d) 108 g Ag (108)
Dissolving 120 g of urea (molar mass 60) in 1000 g of
water gave a solution of density 1.15 g/mL. The

molarity of the solution is : (Irr2011)
(a) .78 M (b) 2.00 M
(c) 2.05 M (d) 2.22 M

A gaseous hydrocarbon gives upon combustion 0.72 L.
of water and 3.08 g. of CO,. The empirical formula of

the hydrocarbon is : [VEE (Main) 2013)
(a) C¢Hs (b) C,Hy
(c) CyH, (d) CyH,

The molarity of a solution obtained by mixing 750 mL

of 0.5(M) HCI with 250 mL of 2(AD HCl will be :
VEE (Main) 2013|

(b) 0975 ¢

(d) 1.00 Af

(@) L75M
(c) 0.875 M



Mole Concept and Equivalent Concept

1. () Mole ratio of 2Zn Cr :
=981 18x10%
65 6023x10® b
0.30 ¢ 06
=] 3 2 4
. ZuCr,04
Mey. of H* = Meq. of H,SO,4 =100x0.001x 2= 0.2
" Number of H =0.2x6.023%x10* =1.2x10*
No. of atom of A ina g = N;aa =b

2. d

3. (a)

No. ofammsof8|n2ag-%_%¥—2§)—“_ b>3(2
X

4. (¢) Volume of nugget = Volume of gold + Volume of

S 2 4

Wiion = 2408
80 g NaOH = 100g wet NaOH

240g NaOH = 100240 °°;‘02“° =300g

Megq. of acid = Meq. of KOH
1 _ 0.768 :
I x1000= 6 x1000 .
LctamLof6Nsnd(100—a)mLof2Naremlxed
ax6+(100-a)x2=100x5
a=75mL
(100-a)=25mL
LctagNH, is dissolved in 105 mL H,Oor 105 g H,0
30

-
105+a 100

Now,

. on=2

7. (a)

% by mass of NHj in solution =

. a=45g
Mass of solution = 105+45=150g
AgNO; + BaCl; — Ba(NO; ); + AgCld
10x1  90x1 0 0
10 90 0 0
0 80 10 10

[BaCl )= o5 = 04 M:

9. (c)
Meq. added

80
x 100

Ba(NO; ), = —— =0.05M

Tonic strength -—.‘ZCZ2 l[0.4><2z +04x2x1 +

0.05% 2% +0.05x2x 1?]

=135
The volume of a liquid increases with temperature and

10. (a) s Wit
thus same volume masss more in winter.

SOLUTIONS (One Answer Correct)

11. (a)

12. (b)

13. (¢)

14. (b)

15. (¢)
16. (¢)

17, (¢)

18. (b)

19. (d)

20. (b)

21, (a)

22, (a)

wg =10 Wsongion =1008 " Wsotvem =90
*. % by mass of solute/mass of solvent
10
=—x100=11.11%
90

EM =2ng=2x8=16\

EM0=EM+EO=|6+8=24

Let w, g of metal giva w, g oxide

m ¥ W _24_5

16 24 w 16

18 mL H,0=18g H,0(d =1g/ml)

.. Volume of one water molecule
=— 18 __-30x10 e’
6.023x10%2

%nr" =30x1072

r=1925A
=49 ol H,S0, +3
98 6x1

(0)‘3 mole H:SOQ

-9 rle H,50,

. a=0.5+0.5-0.01 mole H,SO, =0391ml
Molar mass of CO=N; =~ Voo =¥y,
[OH ]=2M  Mg(OH), ==Mg*" +20H"
¢ 0 0
(1-a@) o Pl

20 = ZM
2 _1
“Ixa a
Hardness is mass (in g) of CaQOy in 10° g waver

=10* mL H,0
Molarity =

3
200x10_ _ 4 10° M
100x10°

Volume strength = 5.6 X Normality

H

I

H, PO, (HO—l’i—Oll)is dibasic acid.
|
0

Let w g solute be dissolved in 60 g water
. Mass ot solution = (w+ 60

% by mass = 20-[ . ]\ 100
w+ 60
we= |5
|
"1 + 3(): — :“:(‘
Initial o0 0 0
Find 40 0

i.e., Reduction in volune = o0 + l\\ 40 = 30wl
Leta mb CH, be used to form QO and A ml. R OO,y
2CH, + 30, — 200 + 4,0
CH, + 20, S U 1,0
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24,

25.

26.

27.

28.

29.

30.

31

. (d)

(@

(@)

(®)

(a)

(b)

(b)

(a)

(a)

< Volume of O, needed = %+ 2

Volume of CO formed = a
Volume of CO, formed =

8 =L (given); Alsoa+b=10

b~ 99
sa=Qlml - b=99
* 0y needed = 3%0:1 1 9 933 19,95

1.846

=5
2

Moles of BaCl, - YH,0 =

Moles of BaSO, (Ba in both)

1.936

(137+71+18)
1936 _ 1.846

137+ 71+18& 233

.. x=2
100 mL solution =100x1.12g solution =112g
solution

i.e., 72gH,Ohas 40 gNaCl

ppm='_;—gx 10° =5.5%10° ppm

No. of atoms in 4g-atom of O = 4 XN

One NH; molecule contains 4 atoms

~ 4N atom will be present in N molecule of
NH; =17g NH;

1 molecule Ca (PO, ), has 2 P and 8 O atom

1 molecule H;PO; has 1 Pand 3 O atom

If H3 PO, sample has 2 P atoms than it should have 6 O

atoms
No.of Oin Caz(POs)> _

No.of Oin H;PO;
1 mole Ba(OH)- gives 2 mole OH™ and thus requires

2 moleof H*
1.5 mole H;PO; =2x 1.5 mole H”

2 2 +
§moleH3P04 =3x< mole H
5

8.2
6 3

1 mole H,SO; = 2mole H”
2 mole H;PO, =2x I mole H™

44, 56_100
H“ 2 M
M =345
V.D.=1.72

ZAgNOS _ ?.Ag o7 2N0: + 01
1 mole (170g) AgNOj; gives | mole Ag(108g)
Meq. =N XV

W__51000=0.1x100
200/ 2

w=1.0g

Volume of one virus -
5 nr’l=-—7~ x(7%107%)? x10x 107

=1.54x107" mL

32.

33

34.

35.

Moleatr=0

Moleafter reaction 0

36.

37.

38.

39.

40.

41.

42.

43.
44,

Numerical Chemistry

. _1.54x107 )
: - X 6.02x 10
. Molar mass of viru 6.02x 1072

= 15400g /mol = 15.4 kg mol ™!

00

(a) 0.5g Sethan molar mass = 1
100x 784 84 _ 1 56810’

78.4 g Se than molar mass =

1 molecule of enzyme should contain at least are atom
of Se to show minimum molar mass
Mole of NaOH in I solution=2.5x1=2.5
Mole of NaOH in II solution=3x0.5=1.5
Total mole = 2.5+1.5=4.0
. Molarity X total volume = Total mole
4
M= 55 0.73M

©

C3Hg +50, — 3CO; + 4H,0
22.4 litre C; Hy at NTP requires 5 22.4 litre O,
PbO + 2HCI —— PbCl; +H,0
% 336—25 mole 0 0
0.029 0.087 0 0
0.031 0.029
15

| i =——=0.
Mole of H; in 151 24 67

. 5

Mole of N, in 5 1 = —5>— = 0.
ole of N, in 24 22
Mole of H, in 0.5 g=%=0.25

(a)

(®)

(@)

Mole of O, in5 g=—=—=0.16

Bla

© 2Al+%01 — ALLO,

2 mole of Al reacts with = % mole O,

1 mole of Al reacts with = Dy mole O
2x2 €

4
(27 g) of Al reacts with = %x 32=24g0,

(c) 100g CaCO;3 =0.1mole CaCO; =0.1 mole Ca
_0.1
2
Wp =20g, Wy o =90g, Wy, =20g
Wyaco, =106g

Zn + H2504 — Zn504 + HZ

Zn + 2NaOH — Na,Zn0, + H,

Ag, CO; — 2Ag +CO, + 1
276: 3 lef CO_ + 202

eq.Ca =6x 102 atoms Ca =0.1g -atom Ca

()
(a)

(a)

wo,

()

28
36g H,0=2mole H,0 (the largest no. of mole)
3BaCl; +2NaPOy — Bay (PO, ), 4 + 6NaCl
0.50 0.20 0 0
0.20 0.00 0.10 0.60

(a)
(d)
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45.
46.

47.

48.

49.

51.

52.

53.

()
(®)

@
©

@

(®)

(b)

©

(@

Mole of solute
mass of solvent in kg
NaHCO; is acid salt and NaOH is base:
NaHCO; + NaOH — Na,CO; + H,0

Molality involves only mass which is independent of
T.

Mass of 1000 mL steam = 1000x 0.0006 = 0.6g

Molality =

Volume of liquid water = 0—16 =0.6cm’

2NH; — N, (g)+3H, (g)

100 0 0

0 50 150

. V1 =50+150=200mL
4PH; — P, (2)+6H, (9)
100 0 0

0 25 150
. ¥V, =25+150=175mL
S AV =200-175=25mL
The mixture should contain 3 mole FeSO, and one
mole Fe, (SO, );.
3FeSO4—> 3Fe** +350%"

Vatt=0

Vatt=0

Fe, (SO, ); — 2Fe +3502™ . Fe*":Fe**::3:2
Mole of Na;PO4 =20x04=8
1 mole Na PO, contains 3 mole Na* ions

Mole of KOH used = %2 =05

2KOH+C0,— K,C0; +H,0

. Mole of CO, required to neutralise KOH = 0—25 = %
CaC0O;— Ca0+CO,
. mole of pure CaCO; = Zl =25 g CaCO;

. % purity = %x 100=41.66
Megq. of oxalic acid =Meq. of NaOH

6.3 1000
63,1000 16— 0 1x¥
63 250

¥V =40mL

87
54. (d) 9.108x107' kg =1lelectron
1
1kg = electron
&0 108x107"
= ! X 1 5 mole electron
9.108x107"  6.023x 10
P |
9.108% 6.023
55. (c) 0.01 mole of AgBrand 0.01 mole of Ag,SO0,.
56. (a) 24 gcarbon has % mol
57. (c) Mass of solute =120g

58.

59.

Mass of water =1000g
Mass of solution =1120g
o (m) 2 1120 o
. Volume of solution ( d) 115
Milli mole =M XViy mL
120 _ Mx1120
60 < 1%0="115
M =2.05
Let the formula of hydrocarbon be C,Hp

C.H; +0; =aCOZ+%HZO

mole of CO; (a) formed = z’g =0.07

Now

®)

.. moleratioof CandH::7:8

Thus empirical formula is C;Hg

(c) milli mole of solution I = 750x 0.5= 375
milli mole of solution II = 250% 2 = 500
Total milli mole in mixture = 375+ 500 = 875
Total volume = 1000 mL

. Molarity = T?Tso =0875M



1.

1 mole of a mixture of CO and CO, requires exactly
1 litre solution of 1 M NaOH for complete neutra-
lisation. If CO present in mixture is now converted
to CO; and again the mixture is treated with NaOH,
then after this conversion :

(a) mole of CO, present initially in mixture =1

(b) 2 litre NaOH solution of 1 M is more required for

neutralisation

(c) 2 litre solution of % M NaOH is required more for

neutralisation

(d) 56 gKOH in aqueous solution is required more for
neutralisation

- 2 gofoleum is diluted with water. The solution was then

neutralised by 432.5 mL of 0.1 N NaOH. Select the
correct statements :
(a) % of oleum is 108.11
(b) % of free SO; is 26.5 in oleum
(¢) Equivalent of H,SO, are 0.03
(d) Equivalent of SO4 = 6.625 x1073
Which one is not correct about

VO + Fe203 — FeO + V205?
2 mole of VO reacts completely with 5 mole of
F8203
1 mole of VO reacts completely with 1.5 mole of
Fe 203
(c) Eq. mass of V,05 =M /6and of Fe,0; is M /2
(d) Eq.mass of VO= M /3 and of FeOis2M /3
1 mole of H3PO; reacts with NaOH in solution. Select
the correct statements:
(a) 1 mole of NaOH will replace N H* ion from
H;PO;
2 mole of NaOH will replace 2 N H* ions from

(@)
()

(b)
H;PO; ..

(c) 3 mole of NaOH will replace 3 N H™ ions from
H;PO; '

(d) On complete neutralisation of H3;POj, the

equivalent mass of H;PO3 =41 '
100 mL of 0.8 M NaOH are used to neutrahseq 100 mL
solution obtained by passing 2.70 g SO,Cl, in water.
Select the correct statement:

OBJECTIVE PROBLEMS (More Than One Answer Correct). :

10.

11.

Numerical Chemistry

The solution of SO,Cl; has 0.2 M H,SO, and 0.4
MHCI

The volume ratio of NaOH used for H,SO, and
HClis1:2

The volume ratio of NaOH used for H,SO, and
HClis1:1

Molarity of SO,Cl, solution is 0.1 M

(@
(®)
©
(d)

. Which one are correct about the solution that containg

3.42 ppm Al,(SO4); and 1.42 ppm Na,SO,?
(a) [AI**]=[Na"]

(b) [SOF"]=[Na*]=[AI’"]

(c) [SO3 ]=[Na*]+[AI’"]

(d) [SOF"]=[Na*]

. luis equal to:

() 1.67x107 % g
(d) 1 dalton

(a) 931.48 MeV
(c) flf th mass of C'?

L is equal to:

N4

(a) 1.67x107% kg

(c) 1 dalton

H3BO3 is:

(a) Monobasic acid

(b) Lewis acid

(c) Electron pair acceptor
(d) Na3BOj exist as ionic compound

Which of the following are primary standard solution?
(a) Oxalic acid (b) NaOH

(c) Borax (d) Na,COj; -10H,0
Which of the following graphs correctly represents the
variations ?

() 1u
(d) Logschmidt number

| 2
® g &5
2 =
2 —
temperature temperature
13
© &g @ &3
e % s
= =
dilution dilution
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L (d) Co + Co,
a b
a+ b=1

' €O, +2NaOH—s Na,CO; +H,0
Megq. of CO, =Meq.of NaOH = 1x 1000

Mole of CO, = 1X1000 _ 4 ¢
2x1000

CO+ 3 02 — CO,
0.5 mole CO, is formed more.

NaOH required more = 2 litre of 1/2 M NaOH
=56g KOH =1mol KOH

2‘ (a' bn C) H2804 + 503
a b
a+b=2 (1)
Also, Meq. of
H,S0,4 + Meq of SO; =Meq.of NaOH
49x 1000+—x 1000=0.1x432.5
40a+49b =84.77 (2
a=147g b=053g
Equivalent of H,SO,4 = 1. 4497 =0.03

SO, +H,0—> H2804
Eq. of SO; -033 =0.01325

Mass of H,O to react with SO,

=0.53x18 _ g 119255
80

»1.47 g H,S0, is associated with 0.53 g H,0

100 g H, SOy is associated with ==—-— 0. 513:7100g H,0

or8.11 gH,0
Solution of oleum is 100 +8.11 =108.11%
108.11% oleum = 100g H,SO4 +8.11g H,0

- 100g H;50, + &11x80
=100g H,SO, +36g SO,
=136g oleum

136 g oleum has 36g SO;
2 g oleum has 36x2 =0.53g SO,

033x100- 265

%offreeSO;=

2V — (V3*), +6e
2e+(Fe’" );— 2Fe’’ x3
2VO + 3Fe,03 — 6FeO0 + V205

3. (b,c,d)

(v.fof CO, =2)

4. (a,b,d) H;PO; is dibasic acid.

70x 1000
5. (a,¢) [sozc12]=2_l;‘;+m7=o.21u

SO,Cl, + 2H,0—> H,S0, + 2HCI

100 x 0.2
=20 0 0
0 20 40

40
g MH;SO.=%; Myua =100

e NHZSO‘—04andNHC,—04
6. (8,c) 3.42ppm Al,(SO, ), = 26X3X342 ooy 5027

342
=2.88 ppm SO2~
27x32:23 42 ppm Al**
=0.54 ppm AI**
1.42 ppm Na,SO, = 6 1242 ppm SO,
=0.96 ppm SO~
_46x1.42 +
= ppm Na
=0.46ppmNa”
[AI**]= 054—"10 =2.0x10"° M
27x10%
3
[SOz'] (2.88+0.96)x 10 —4x10° M
96x10°
[Na+]=0.46xl(: =2x10"° M
23x10
7. (a,b,c,d) lu or lamu =1dalton. Also amu is replaced by u
(now-a-days).

8. (a,b,c) Logschmidt number is referred as the number of
molecules of a gas present in 1 mL at STP i.e.,

Av.no. _ 19
22400 2.689%10
9. (a,b,c,d) These all are facts.
10. (a,c,d) Standard solution of NaOH can not be prepared by
weighing since it reacts with CO, on exposure to air.
11. (a,b,c) Mole fraction of solute and solvent change with
dilution, however mole of solute remains constant and
mole fraction of solute decrease with dilution, mole of
solute and molality does not change with temperature.
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COMPREHENSION BASED PROBLEMS

Comprehension 1 : Estimation of N in a compound is
made by Kjeldahl’s method. A sample containing 0.4775 g of
(NH4),C;04 and inert materials was dissolved in water and
made strongly alkaline with KOH, which converted NH} to
NH;. The liberated ammonia was distilled into exactly 50.0 mL
of 0.05035 M H,SO,. The excess H,SO, was back titrated
with 11.3 mL of 0.1214 M NaOH.

[Molar mass of (NH4),C,0,4 =124.10 and atomic mass
of N =14.00]

[1] Percent of (NH4),C,0, :

(a) 10.74 (b) 47.8

(c) 12.74 (d) 42.8
[2] Percent of N in sample :

(a) 47.8 (b) 40.8

(c) 42.8 (d) 10.74

Comprehension 2 : 50 mL of a solution, containing 1 g
each of Na,CO,,NaHCO; and NaOH was titrated with
N HCIL. What will be the titre readings if :

[1] Only phenolphthalein is used as indicator?

(a) 21.3mL (b) 55.8 mL
(c) 344mL (d) 68.4 mL
[2] Only methyl orange is used as indicator from the very
beginning?
(a) 55.8 mL (b) 21.3 mL
(c) 34.4mL (d) 68.4mL ‘
[3] Methyl orange is added after the first end point with
phenolphthalein?
(a) 21.3mL (b) 55.8 mL
(c) 34.4mL (d) 68.4mL

Comprehension 3 : HNO; used as a reagent has specific
gravity of 1.42 g mL™" and contains 70% by strength HNO;.
 [1] Normality of acid is.

(a) 16.78
(c) 14.78

(b) 15.78
(d) 17.78

[2] Volume of acid that contains 63 g pure acid is.

a) 100 mL (b) 40.24 mL
Ec; 63.38 mL (d) 70.68 mL ‘
[3] Volume of water required to make 1N solution from 2
mL conc. HNO;.
(a) 29.56 mL (b) 30.56 mL
(c) 28.56 mL (d) 31.56 mL

Comprehension 4 : The density of 3M solution of
Na,S,0; is1.25g mL™".
[1] The % by mass of Na,S,0; is :

(a) 36.24 (b) 37.92

(c) 40.24 (d) 38.34
[2] Mole fraction of Na,S,03 is :

(a) 0.015 (b) 0.025

(c) 0.065 (d) 0.035

[3] Molalities of Na* and S,03" ions are respectively :
(a) 7.732, 3.866 (b) 3.866, 7.732
(c) 3.732,7.866 (d) 7.866, 3.732
Comprehension 5 : Oxides of non metals are acidic
although N 0, NO, CO and H,O are neutral. On the other hand
oxides of metals are either amphoteric or basic. However in
higher oxidation state same metals forms acidic oxides.
[1] Which is used for absorbing CO :
(a) Amm. AgNO;, (b) Amm. Cu,Cl,
(c) Turpentine oil (d) Pyrogallol
[2] SO, can be absorbed in :
(a) Lime water (b) Baryta water
(c) KOH (d) All of these
[3] Acetylene can be absorbed in :
(a) Amm. AgNO, (b) H,SO,
(c) NaOH (d) Na,CO,
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Comprehension 1
[1] (o) Meq. of (NH, ), C,04 =Meq.of NH;
=Meq. of H,S0, used
w
34107 2x 1000 = Meq.of NH; = 3.663
[Meq. of H,SO, used

=(0.05035%2x 50-11.3x0.1214) = 3.663]
oo W(N]{‘)ch‘ =0.2273 g

. Percentage of (NH, ),C,0,= 22273 100=47.8%

0.4775
2] (@) Meq. of N =Meq. of NH;
w =
or Tia 1000 = 3.663
or wn, =0.0513g
Percentage of N = 20313 100=10.74%

0.4775
Comprehension 2

[1]1 (c) The end point using phenolphthalein as indicator uses
complete NaOH and half Meq. of Na,CO;.

. Meg. of NaOH + % Meq. of Na,CO;3

= Meg. of HCI
4—10x1000+[%x5—13x1000]=1xV|
¥, =34.4 mL

2] (@ The end point using methyl orange from the beginning
uses all the equivalents of bases taken.
. Meq. of NaOH + Meq. of Na ,CO; +

Meq. of NaHCO; = Megq. of HCI
1 1 1 -
R)xlooo+~5—3x1000+ﬁx1000— 1xV,

i V, =55.8 mL

[3] (a) The end point using methyl orange when I end point
using phenolphthalein has already been detected,
consumes half Meq. of Na,CO; and complete
NaHCO;.
-liMeq. of Na,COj + Meq. of NaHCO; = Meg.of HCI

1,1 41000+

—x1000=1xV3
2 53 84
FA V3 =21.3 mL
Comprehension 3
1] (b) Strength of HNO3 =70%

Volume of solution =100 mL

SOLUTIONS

and Volume of HNO; =70 mL

. Mass of HNO; in solution =70x1.42 g

Eg. of HNO; in solution = 19—"6;—'“3
Moo o TOX2_ (o Eq.
HNO3 ™ 635100/ 1000 V in litre

=15.78
[2] (c) '+ 70x142g of pure acid is present in 100 mL
. . 100x63 _
63 g of pure acid present in= J0x142 63.38 mL
[3] (@ Meq. of conc. HNO; =Meq. of dil. HNO;
(. Megq. does not change on dilution)
2x1578=V x1
g ¥V =3156mL
Volume of water added = 3156—2=29.56 mL
Comprehension 4
Molarity of Na;S,03 is 3 M.
Mole of Na,S,0;3 =3
Mass of Na,S,0; =3x158=474¢g
and V of solution =1 litre =1000 mL
' Mass of solution = 1000x1.25=1250g
Mass of water = 1250—474 = 776¢g

[1] (b) % by mass of Na,S,0, =20 N825:05 ;04
mass of solution

=A74 100=
555 100=37.92

[2] (c) Mole fraction of Na,S,0,
_ Mole of Na,S,0;
Mole of Na,S,03 + Moleof H,O0

_ 3 o
3+776/18 Gees

Moleof Na*
Mass of water in g
6x1000 _

776 7.732

Molality of $,0% = 3"7% =3.866

3] (@ MolalityofNa* =

Comprehension 5
[1] (b) Itisa fact.
[2] (d) SO, is acidic oxide and reacts with bases.
[3] (@) CH==CH+ AgNO; — AgC= CAg
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Read the following statements (8) and explanations (E).

Choose the correct answers from the codes (a), (b), (c)
and (d) :

S is correct but E is wrong
S is wrong but E is correct
goth S and E are correct and E is correct explanation of

Both S and E are correct but E is not correct explanation

of §

S:

E:

S:

E:

» =

@

¢ Equivalent

Equivalent mass of H3BO; and Na;BO, are M /3.

Equivalent mass of H 3BO; is M/1 and Na;BO 3 is
M/3.

1 equivalent of H,S0, contains 1 equivalent of H,
S and O each.

{\ species contains same number of equivalents of
its components.

mass of ozone

in the change
03 — 0, is 8.

: 1 mole of O3 on decomposition gives 3 /2 mole of

0,.

¢ CO and C,H, both can be absorbed in ammoniacal

CuCl.

: CH, is absorbed on animal charcoal.
¢ Acidimetry and alkalimetry are the terms used in

volumetric analysis.

: The reactant left after the chemical reaction is

called limiting reagent.

: NaNOj has no definite mclecule.

: Its formula mass is 85.
: 31.26 mL of 0.165 M solution of Ba(OH), is

exactly neutralised by 25 mL of citric acid C¢HgO,
of molarity 0.138.

: The acid is tribasic in nature.

1 equivalent of K,Cr,0, has 1 equivalent of K, Cr
and O each.

: Equivalent and milliequivalent reacts in equal

number to give same equivalent of product.

: The H-bonding of NH; and H,Ois represented as:

H—0=<H—N—H
| |
H H

10.

11

12.

13.

14,

15.

16.

17.

18.

19.

20.

=1

L nm®n

Numerical ChOM/stfy

H,0 is more acidic than NH; and thus, H,0 is
proton donor.

: H,BO; is monobasic Lewis acid but salt Na; B0,

exist.

: H;BO; reacts with NaOH to give Na;BO,,

Av. No. was Proposcd 6.019x10% on O-16 scale
and 6.02 x10* on C-12 scale.

: The numerical value of Avogadro’s number

depends upon the atomic mass scale.

: Atomicity of phosphorus is four.

: Atomicity is the number of atoms present in

1 molecule.

: Density = specific gravity x 0.99823 at 20°C.
: Density = specific gravity at 4°C.
: Density is expressed as g mL™' whereas specific

gravity is dimension less.

: Specific gravity is ratio of the masses of solution

and solvent.

¢ In the titration of Na,CO; with HCI using methyl

orange indicator, the volume of acid required is
twice that of the acid required using
phenolphthalien as indicator.

: Two moles of HCI are required for the complete

neutralisation of one mole of Na,CO;.

: Sulphate is estimated as BaSO, and not as MgSO,.

¢ Ionic radius of Mg?* is smaller than Ba2*

¢ Atomic masses of most of the elements are

fractional.

; I MX
Atomic mass = 100 where M is mass of isotope

and X is its % abundance.
Analytical molarity of 1 M HCl is zero.

¢ Equilibrium molarity of 1 M HCl is zero.

Equivalence point is a theoretical value.

¢ End point is an experimental value,
¢ Actual yield in case of most of the reaction is lesser

than theoretical yield.

¢ The reactants are either not 100% pure or some side

reactions follows,
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ANSWERS (Statement Explanation Problems)

1. (b) H;BO; is monobasic acid; Na,CO; is a salt having  10. (a) B(OH); + NaOH—> Na[B(OH), ]

total charge on cation or anion = 3 11. (c) Explanation is correct reason for statement.
2. (¢) Equivalent reacts in equal number. 12. () —do—
3. (d) 20; — 30,, 13. (d) Both are facts.

i.e.,2mole O3 = 3mole 0, =3x 4eq. 0, 14. (c) Statement is correct reason for statement

Eo =M =48, 15. () Na;CO +2HCI—> 2NaCl+ H,0+ CO;,
6 6 phenolphthalein is used for
4. (d) Both are facts. Na,CO; + HCl — NaHCOj; + NaCl + CO-
5. (a) The reactant used is called limiting reagent. 16. (d) BaSOj is insoluble.
6. (d) NaNO; has solid lattice. 17. (c) Explanation is correct reason for statement.
7. (c) Meq. of Ba(OH), =Meq. of acid 18. () HCl— H™ +CI7
31.26x0.165%x2=25xM xn=25x0.138xn 1 [UN

n=3 After dissociation 0 1 1

8. (c) Explanation is correct reason for statement. 19. (d) These are facts.

H 20. (c) Explanation is correct reason for statement.

|

9. (b) H—bonding is as : H—O—H...N—H
|
H
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mmssmms  MATCHING TYPE PROBLEMS s

Typel: Only One Match Possible 4. ListA List B

1. Match the given concentrations with their prope: A L N 4 molecules of H
Concentration Prop:’rt; L A. 1.8mL H;0, 10" ~
A. MO!&llty a. lonic solute (d=1g/mL) e
B. Ionic strength b. Very low concentration B. 1.8mL H_,&OV at STP b, 2.24 lll)rc u:vsu H;0,
C. ppb c. Lycz? C. 8.03x107* mole H,0(v) ¢. 1.8 gof Hz‘)y
) 2 d, 1,446 107" g H,0
D. Formality d. Independent of ¢ 4.84 10" molecules
temperature "iof
. of H,0
2. I(,;lst-A List-B 5. List-A Lllzt-B
as : 3
.- es Adsorbents‘ Concentrations Factors influencing
B. 2 a. FeSO, solution expressed In
C' (1:!%) b. Alkaline pyragallol A. Molarity a. Temperature
D. e ::i ’thg;ntme oil B. Molality b. Dilution
E - Ny 8 8- ((;Il- KOH,, C. Mole fraction of solute  c. Addition of solute
o - Amm. Lutly D. Strength of solution
Type ll: More Than One Match Are Possible 6. List-A List-B
3. Experimental determination of molar mass of Adsorbent Gases
compounds may be made by the following methods. A. Lime water a. SO,
Match them properly. More than one match are B. Conc. H,SO, b. H,S
possible : i ' i
A. Gases a. Victor Meyer's method C. Heated Mg 2 :;lov
B. Volatile liquids b. Hofmann’s method s
C. Non volatile solids c. Duma’s method e. 0;
D. Solidsoflowm.mass d. Ebullioscopy or cryoscopy f. N
E. Solids of high m. mass e. Osmotic pressure

such as polymers f. Raoult’s law

I v R

1. Ad;

2. A-d;
3. A-ab,c;

B—c; C—a D—c; E-b.
B-a, b,c,f; Cd,ef, D-d,f, E-e

4. A-a,b,c; B-d,e; C-d, e.
5. A-a,b,c; B-b,c; C-b, c; D-a, b, c.
6. A-a,b; B, d; C—, f.



	P BAHADUR PART 1 Numerical Chemistry Chapter 1 to 8.pdf (p.1-311)

