Chapter 5 - Mole Concept and Stoichiometry

Exercise 5(A)
Solution 1.

(a) Gay-Lussac’s law states that when gases react, they do so in volumes which bear a
simple ratio to one another, and to the volume of the gaseous product, provided that all
the volumes are measured at the same temperature and pressure.

(b) Avogadro’s law states that equal volumes of all gases under similar conditions of
temperature and pressure contain the same number of molecules.

Solution 2.

a) The number of atoms in a molecule of an element is called its atomicity. Atomicity of
Hydrogen is 2, phosphorus is 4 and sulphur is 8.

b) N.-means 1 molecule of nitrogen and 2N means two atoms of nitrogen.
N, can exist independently but 2N cannot exist independently.

Solution 3.

(a) This is due to Avogadros Law which states Equal volumes of all gases under similar
conditions of temperature and pressure contain the same number of molecules.

Now volume of hydrogen gas =volume of helium gas

n molecules of hydrogen =n molecules of helium gas

nH.=nHe

1 mol. of hydrogen has 2 atoms of hydrogen and | molecule of helium has 1 atom of
helium

Therefore 2H=He

Therefore atoms in hydrogen is double the atoms of helium.

(b) For a given volume of gas under given temperature and pressure, a change in any
one of the variable i.e., pressure or temperature changes the volume.

(c) Inflating a balloon seems violating Boyles law as volume is increasing with increase
in pressure. Since the mass of gas is also increasing.



Solution 4.

2H2+ 02 g 2H20
2V 1V 2V

From the equation, 2V of hydrogen reacts with 1V of oxygen
so 200cm® of Hydrogen reacts with = 200/2= 100 cm3
Hence, the unreacted oxygen is 150 — 100 = 50cm?of oxygen.

Solution 5.

CHi+ 205 5 CO2+2H,0
IV2ZVIV
From equation,1V of CH4 reacts with =2V of O4

50, 80 cm® CHy4 reacts with =80 , 2 = 160cm? 05
Remaining O3 is 200-160 = 40cm?

From equation, 1V of methane gives 1V of CO4
So, 80 e gives 80cm? CO5 and HoO is negligible.

Solution 6.

2C5H5 + 505 5 4C05 + 2H20 ()
ZV5WV4Y
From eguation, 2V of CoH2 requires = 5% of O5

So, for 400ml CoHs, 05 required =400 . 5/2=1000 mi
Similarly, 2% of CaH3 gives = 43 of CO5
So, 400ml of CoH 5 gives CO5 = 400 ., 4/2 = 300m|

Solution 7.

Balanced chemical equation:

HZS[g] + Clz.[g] eEHCl[g] + 5[5]

imole  1mole Zmoles 1mdal
112cm®  120cm?

[(}At STPR 1 mole gas occupies 22.4 L.
As 1 mole Ha5 gas produces 2 moles HCI gas,

2241 Ho5gas produces 22.4 = 2=445 | HCl gas.

Hence, 112 cm? Ho5 gas will produce 112 = 2 =224 cm? HCl gas.
[ii) 1 mole H45 gas consumes 1 mole Cl; gas.
This means 22.4 L H25 gas consumes 224 L Clp gas at STR

Hence, 112 cm? Hs25 gas consumes 112 cm= Clo gas.
120em>- 112 cm® = 8 cm= Clo gas remains unreacted.

Thus, the composition of the resulting mixture is 224 cm2HCl gas + 8 cmggggﬁ.




Solution 8.

2CaHg #7035 ., 4C05 +6H0
2VIVAV

Mow from equation, 2V of ethane reacts with = 7V of oxygen
5o, 600cc of ethane reacts with= 600 .. 7/2 = 2100cc

Hence, unused O5is=2500- 2100 =400 cc
From 2V of ethane = 4V of CO5 is produced
5o, 600cc of ethane will produce =4 . 600/2 =1200cc CO4

Solution 9.

C2H4 + 302 — 2':02 + EHED

1V 3V

11litre 33 litre
N Yely
T:I. TZ

v, = PM T - 380%33x273 _g95itres
R T, 549%760

Solution 10.

CHa+ 2Cly  CHoClo +2HCI
IWV2VIV2Y

From equation, 1V of CH4 gives = 2V HCI
=0, 40 ml of methane gives = 80 ml HCI
For 1V of methane = 2% of Cls required

So, for 40ml of methane =40 .2 =30 ml of Cl;

Solution 11.

C3H8+ 502 — 3C02 + 4H20
1V5V3V

From equation, 5 V of O, required = 1V of propane
so, 100 cm3 of O, will require = 20 cm? of propane



Solution 12.

ZNO =05 , ZNO5
2NVIV2ZY
From equation, 1V of Og reacts with=2Vof NO

200cm? oxyzen will react with = 200 , 2 =400cm® NO

Hence, remaining NO is 450 - 400 = 50 cm?
M5 produced = 400cm? because 1V oxygen gives 2V NO4
Total mixture = 400 + 50 = 450 cm™

Solution 13.

2C0O + O, — 2C0O,
2V1vVayVv

2 V of CO requires = 1V of O,
so, 100 litres of CO requires = 50 litre of O,

Solution 14.

4NH3 + 505 _, 4NO + 6H,0

ANVEV AN
2 litres of reactants gives 4 litres of NO
S0, 27 litres of reactants will give =27 . 4/9 =12 litres of NO

Solution 15.

H. + Cl.— 2HCI
1ViIvV2V

Since 1V hydrogen requires 1V of oxygen and 4cm? of H, remained behind so the
mixture had com”>16 cm? hydrogen and 16 cm3chlorine.
Therefore Resulting mixture is H, =4cm3,HCI=32cm3



Solution 16.

CH4 + 202—> COz + 2H20
1V2V1V

202H2 + 502 — 4002 + 2H20
2V5V4V

From the equations, we can see that

1V CH. requires oxygen =2V O,

So, 10cm? CH, will require =20 cm? O,

Similarly 2 V C.H. requires =5V O

So, 10 cm3 C,H, will require = 25 cm? O,

Now, 20 V O, will be present in 100 V air and 25 V O, will be presentin 125V air ,so the
volume of air required is 225cm?

Solution 17.

CaHg+ 505 _, 3C0O5+4H,0

2C4Hq0+ 1305 _ 8C05 + 10H,0

&0 ml of propane (CsHg) gives 3 ., 60 =180 ml CO5

40 ml of butane (CaHqg) gives =8 ., 40/2 = 160 ml of CO4

Total carbon dioxide produced = 340 ml
So,when 10 litres of the mixture is burnt = 34 litres of CO5 s produced.

Solution 18.

2C5H3(g) + 502(g) — 4C0O5(g)+ 2H20(8)
AW CO5 is collected with 2V CsH2

5o, 200cm® CO5 will be collected with = 100cm? CoH-
Similarly, 4V of CO4 is produced by 5V of O5

5o, 200cm? CO< will be produced by = 250 ml of O



Solution 19.

This experiment supports Gay lussac’s law of combining volumes.

Since the unchanged or remaining O is 58 cc so, used oxygen 106 — 58 = 48cc
According to Gay lussac’s law, the volumes of gases reacting should be in a simple
ratio.

CH4 + 202 — COz + 2H20

1V2V

24 cc 48 cc

i.e. methane and oxygen react in a 1:2 ratio.

Solution 19.

According to Avogadro’s law, equal volumes of gases contain equal no. of molecules
under similar conditions of temperature and pressure. This means more volume will
contain more molecules and least volume will contain least molecules.

So,

(a) 5 litres of hydrogen has greatest no. of molecules with the maximum volume.

(b) 1 litre of SO, contains the least number of molecules since it has the smallest
volume.

Solution 20.

Gas Volume (in litres) Number of molecules
Chlorine 10 x/2

Nitrogen 20 X

Ammonia 20 X

Sulphur dioxide 5 x/4
Solution 21.

100 cm? of oxygen contains = ¥ molecules
Applying Avogadro' s law,
50

. . ¥
50 cm® of nitr tains = 2= = _
CIm™ o nimogen Contalins 100 >



Exercise 5(B)
Solution 1.

a) This statement means one atom of chlorine is 35.5 times heavier than 1/12 time of
the mass of an atom C-12.

b) The value of avogadro’s number is 6.023 x 102

c) The molar volume of a gas at STP is 22.4 dmat STP

Solution 2.

(a) The vapour density is the ratio between the masses of equal volumes of gas and
hydrogen under the conditions of standard temperature and pressure.

(b) Molar volume is the volume occupied by one mole of the gas at STP. It is equal to
22.4 dms.

(c) The relative atomic mass of an element is the number of times one atom of the
element is heavier than 1/12 times of the mass of an atom of carbon-12.

(d) The relative molecular mass of an compound is the number that represents how
many times one moleculae of the substance is heavier than 1/12 of the mass of an atom
of carbon-12.

(e) The number of atoms present in 12g (gram atomic mass) of C-12 isotope, i.e. 6.023
x102 atoms.

(f) The quantity of the element which weighs equal to its gram atomic mass is called one
gram atom of that element.

(g) Mole is the amount of a substance containing elementary particles like atoms,
molecules or ions in 12 g of carbon-12.



Solution 3.
(a) Applications of Avogadro’s Law :

It explains Gay-Lussac’s law.

It determines atomicity of the gases.

It determines the molecular formula of a gas.

It determines the relation between molecular mass and vapour density.

It gives the relationship between gram molecular mass and gram molecular
volume.

arwN =~

(b) According to Avogadro’s law under the same conditions of temperature and
pressure, equal volumes of different gases have the same number of molecules.

Since substances react in simple ratio by number of molecules, volumes of the gaseous
reactants and products will also bear a simple ratio to one another.This what Gay
Lussac’s Law says.

H, + Cl, — 2HCI
1V 1V 2V (By Gay-Lussacs law)
n molecules n molecules 2n molecules (By Avogadros law)

Solution 4.

(@) (2N)28 + (8H)8 + (Pt)195 + (6CI)35.5 x 6 = 444
(b) KCIO, = (K)39 + (C1)35.5 + (30)48 = 122.5

(c) (Cu)B3.5 + (S)32 + (40)64 + (5H,0)5 x 18 = 249.5
(d) (2N)28 + (8H)8 + (S)32 + (40)64 = 132

(€) (C)12 + (3H)3 + (C)12 + (20)32 + (Na)23 = 82

(f) (C)12 + (H)1+ (3C1)3 x 35.5 = 119.5

(g) (2N)28 + (8H)8 + (2Cr)2 x 51.9+ (70)7 x 16 = 252

Solution 5.

(a) No. of molecules in 73 g HCI = 6.023 x102 x 73/36.5(mol. mass of HCI)
=12.04 x 10

(b) Weight of 0.5 mole of O, is = 32(mol. Mass of O,) x 0.5=16 g

(c) No. of molecules in 1.8 g H,O =6.023 x 102x 1.8/18
=6.023 x 102


https://www.aplustopper.com/gay-lussacs-law-pressure-temperature-relationship/
https://www.aplustopper.com/gay-lussacs-law-pressure-temperature-relationship/
https://www.aplustopper.com/empirical-and-molecular-formula/
https://www.aplustopper.com/empirical-and-molecular-formula/

(d) No. of moles in 10g of CaCO; = 10/100(mol. Mass CaCO)
= 0.1 mole

(e) Weight of 0.2 mole H, gas = 2(Mol. Mass) x 0.2 =0.4 g

(f) No. of molecules in 3.2 g of SO, = 6.023 x 102 x 3.2/64
=3.023 x 102

Solution 6.

Molecular mass of H.O is 18, CO. is 44, NH; is 17 and CO is 28
So, the weight of 1 mole of CO, is more than the other three.

Solution 7.
4g of NH; having minimum molecular mass contain maximum molecules.

Solution 8.

a) No. of particles in s1 mole = 6.023 x 102
So, particles in 0.1 mole = 6.023 x 10 2 x 0.1 = 6.023 x 1022

b) 1 mole of H,SO. contains =2 x 6.023 x 102
So, 0.1 mole of H,SO. contains =2 x 6.023 x 102 x0.1
= 1.2x102atoms of hydrogen

c) 111g CacCl, contains = 6.023 x 102 molecules
So, 1000 g contains = 5.42 x 102*molecules

Solution 9.

(a) 1 mole of aluminium has mass = 27 g

So, 0.2 mole of aluminium has mass =0.2x27=54g

(b) 0.1 mole of HCI has mass = 0.1 x 36.5 (mass of 1 mole)
=3.65¢

(c) 0.2 mole of H,O has mass =0.2x 18 =3.6 g

(d) 0.1 mole of CO, hasmass =0.1x44=44g¢



Solution 10.

(a) 5.6 litres of gas at STP has mass =12 g

So, 22.4 litre (molar volume) has mass =12 x 22.4/5.6
= 48g(molar mass)

(b) 1 mole of SO, has volume = 22 .4 litres

So, 2 moles will have = 22.4 x 2 = 44 .8 litre

Solution 11.

(a) 1 mole of CO, contains O, = 32¢g

So, CO.having 8 gm of O.has no. of moles = 8/32 = 0.25 moles
(b) 16 g of methane has no. of moles = 1

So, 0.80 g of methane has no. of moles = 0.8/16 = 0.05 moles

Solution 12.

(a) 6.023 x 10 2atoms of oxygen has mass = 16 g

So, 1 atom has mass = 16/6.023 x 1023=2.656 x 102g

(b) 1 atom of Hydrogen has mass = 1/6.023 x 1022 = 1.666 x 10
(c) 1 molecule of NH; has mass = 17/6.023 x102=2.82 x 1023g
(d) 1 atom of silver has mass = 108/6.023 x 102=1.701 x 102
(e) 1 molecule of O, has mass = 32/6.023 x 102=5.314 x 109
(f) 0.25 gram atom of calcium has mass = 0.25 x 40 = 10g

Solution 13.

(a) 0.1 mole of CaCO; has mass =100(molar mass) x 0.1=10 g
(b) 0.1 mole of Na,S0O,.10H.,O has mass = 322x0.1=32.2 g

(c) 0.1 mole of CaCl, has mass = 111 x 0.1 = 11.1g
(d) 0.1 mole of Mg has mass =24 x0.1=24g¢g

Solution 14.

1molecule of Na,CO;.10H.0O contains oxygen atoms = 13
So, 6.023 x102molecules (1mole) has atoms=13 x 6.023 x 102
So, 0.1 mole will have atoms = 0.1 x 13 x6.023 x 1022 =7.8 x 10

Solution 15.

3.2 g of S has number of atoms = 6.023 x10% x 3.2 /32
=0.6023 x 102



So, 0.6023 x 102 atoms of Ca has mass=40 x0.6023x102%/6.023 x 1023
= 4g

Solution 16.

(a) No. of atoms = 52 x 6.023 x102 = 3.131 x 10%

(b) 4 amu = 1 atom of He

S0, 52 amu = 13 atoms of He

(c) 4 g of He has atoms = 6.023 x10%

So, 52 g will have = 6.023 x 102 x 52/4 = 7.828 x102¢ atoms

Solution 17.

Molecular mass of Na,CO; = 106 g

106 g has 2 x 6.023 x102 atoms of Na

So, 5.3g will have = 2 x 6.023 x102x 5.3/106=6.022 x102atoms
Number of atoms of C = 6.023 x1022x 5.3/106 = 3.01 x 1022atoms
And atoms of O =3 x6.023 x 1022x 5.3/106= 9.03 x1022atoms

Solution 18.

(a) 60 g urea has mass of nitrogen(N,) = 28 g

So, 5000 g urea will have mass = 28 x 5000/60 = 2.33 kg
(b) 64 g has volume = 22.4 litre

So, 320 g will have volume = 22.4 x 320/64=112 litres

Solution 19.

(a) Vapour density of carbon dioxide is 22, it means that 1 molecule of carbon dioxide is
22 heavier than 1 molecule of hydrogen.
(b) Vapour density of Chlorine atom is 35.5.

Solution 20.

22400 cm? of CO has mass =28 g
So, 56 cm3 will have mass = 56 x 28/22400 = 0.07 g

Solution 21.

18 g of water has number of molecules = 6.023 x 10
So, 0.09 g of water will have no. of molecules = 6.023 x 1022 x 0.09/18 = 3.01 x
102 molecules



Solution 22.

(a) No. of moles in 256 g S; = 1 mole
So, no. of moles in 5.12 g = 5.12/256 = 0.02 moles

(b) No. of molecules = 0.02 x 6.023 x 102 = 1.2 x 102molecules
No. of atoms in 1 molecule of S= 8

So, no. of atoms in 1.2 x 1022molecules = 1.2 x 1022x 8

= 9.635x 102molecules

Solution 23.

Atomic mass of phosphorus P = 30.97 g
Hence, molar mass of P, = 123.88 g

If phosphorus is considered as P, molecules,
then 1 mole P,= 123.88 g

Therefore, 100 g of P,=0.807 g

Solution 24.

(a) 308 cm” of chlorine weighs = 0.979 g

So, 22400 cm? will weizh = gram molecular mass
=0.979x22400/308=71.2¢

(b} 2 g{molar mass) Ho at 1 atm has volume = 22.4 litres
50,4 gHoat 1 atm will have volume = 44.8 litres

Mow, at 1 atm{P1) 4 2H5 has volume [V4) = 44.5 litres
P, 1x44.8
? =

(c] Mass of oxygen in 22.4 litres = 32 gimolar mass)
So,mass of oxygen in 2.2 litres = 2.2 x32/224=3.14 g

S0, at 4 atm(P5) the volume(Vs) will be = =11.2litres

Solution 25.

No. of atoms in 12 g C = 6.023 x10%
So, no. of carbon atoms in 10-2g = 102 x 6.023 x102%/12
=5.019 x 10" atoms

Solution 26.

Given:
P=1140 mm Hg
Density=D=24¢g/L



T=273°C=273+273 = 546 K
M=7?

We know that, at STP, the volume of one mole of any gas is 22.4 L
Hence we have to find out the volume of the unknown gas at STP.

First apply Charle’s law.
We have to find out the volume of one liter of unknown gas at standard temperature 273
K.

Vi=1L T,=546 K
V,=? T,=273 K
V1/T1 = V2/ T2
V2 = (V1 X T2)/T1

= (1L x 273 K)/546 K
=05L

We have found out the volume at standard temperature. Now we have to find out the
volume at standard pressure.

Apply Boyle’s law.
P,=1140 mmHg V,=0.5L
P,=760 mmHg V,=7?
P1 X V1 = Pz X V2
V2 = (P1 XV1)/P2
= (1140 mm Hg x 0.5 L)/760 mm Hg
=0.75L

Now, 22.4 L is the volume of 1 mole of any gas at STP, then 0.75 L is the volume of X
moles at STP

Xmoles=0.75L/224L

= 0.0335 moles

The original mass is 2.4 g

n=m/M

0.0335moles =24g/M

M=2.4g/0.0335 moles

M=71.6 g/ mole

Hence, the gram molecular mass of the unknown gas is 71.6 g

Solution 27.

1000 g of sugar costs = Rs. 40
So, 342g(molar mass) of sugar will cost=342x40/1000=Rs. 13.68



Solution 28.

[a) Weightof 1 gatomN=14g
Co,weightof 2 gatomofN=28g

(b) 6.023 x10<° atoms of C weigh=12 g
So, 3 %1022 atoms will weigh= 12 =3 =1

6.023 x10%°

(c) 1 mole of sulphur weighs =32 g

(d) 7 g of silver

Lo, ¥ grams of silver weighs least.
Solution 29.

25
O _fu7.7g

40 g of NaOH contains 6.023 x 1022 molecules
So, 4 g of NaOH contains = 6.02 x102 x 4/40
=6.02 x1022 molecules

Solution 30.

The number of molecules in 18 g of ammonia= 6.02 x10%
So, no. of molecules in 4.25 g of ammonia = 6.02 x 1022x 4.25/18
=1.5x10=

Solution 31.

(a) One mole of chlorine contains 6.023 x 102 atoms of chlorine.

(b) Under similar conditions of temperature and pressure, two volumes of hydrogen
combined with one volume of oxygen will give two volumes of water vapour.

(c) Relative atomic mass of an element is the number of times one atom of an element
is heavier than 1/12 the mass of an atom of carbon-12.

(d) Under similar conditions of temperature and pressure, equal volumes of all gases
contain the same number of molecules.

Exercise 5(C)
Solution 1.
Information conveyed by H,O

1. That H,O contains 2 volumes of hydrogen and 1 volume of oxygen.
2. That ratio by weight of hydrogen and oxygen is 1:8.
3. That molecular weight of H,O is 18g.



Solution 2.

The empirical formula is the simplest formula, which gives the simplest ratio in whole
numbers of atoms of different elements present in one molecule of the compound.
The molecular formula of a compound denotes the actual number of atoms of different
elements present in one molecule of a compound.

Solution 3.
(a) CH (b) CH,O (c) CH (d) CH.O
Solution 4.

Relative mol. mass of CuS04.5H,0=63.5+32+(16x4)+5( 1x2+18)
=2495¢g
249.5 gof Cu50.4.5H,0 contains water of crystallization=%0g
So, 100 gwill contain= 20 =100 _ - - g

249.5
So, % of H,0 =36.07 . 100=36.07 %

Solution 5.

(a) Molecular mass of Ca(HoPO4)o= 234
So,%ofP=2,31,100/234 =26.5%
(b) Molecular mass of Caz(PO4)o =310
%ofP=2.,31. 100,310 = 20%

Solution 6.

Molecular mass of KCIO;=122.5¢g
% of K=39/122.5 = 31.8%

% of Cl = 35.5/122.5 = 28.98%

% of O =3 x16/122.5 = 39.18%



Solution 7.

Elerment % At. mass Atomic ratio Simple ratio

Pb 625207 82:5 _ 4 20101
207

N8514 8:5 1 cg712
14

029016290 _ 1416
15

5o, Pb{MO<) 4 is the empirical formula.
Solution 8.

InFes0s, Fe=56and 0= 16

Molecular mass of Feo05=2 , 56 +3 [ 16=1460g

Iron present in 80% of Fe;05= ExBD = 569
160

So,massof ironin 100 gofore=54g
- mass of Fein 10000 g of ore =546 . 10000/100

=5.6ks
Solution 9.

For acetylene, molecularmass=2 VD=2 ,13=26¢2
The empirical mass=12({C)+ 1(H)=13g
n= Molecular formula mass _ % _
Empirical formula weight 13
Molecular formula of acetylene = 2 . Empirical formula =CoHa2
Similarly, for benzene molecular mass=2 VD=2 39=78
n=78/13=6
5o, the molecular formula = CgHg

Solution 10.

Element %6 At. mass Atomic ratio Simple ratio

H17.71 1?1-7": 177 ;?-? -3

NB82314 82'3=5.B? 5.87 -1
14 5.87

S50, the empirical formula = NH=



Solution 11.

Element % at. mass atomic ratic simple ratio

C54.5412 5‘:-254 _a4cc?

H9.091 9-109 _g.pgd

0 36.36 16 351-635 _oo7l

(a) 5o, its empirical formula = CoHL0

(b} empirical formula mass = 44

Since, vapour density = 44

5o, molecular mass =2 . WV.D= 58

Orn=2

s, molecular formula = (CoH40)2 = C4aHg04

Solution 12.

Element %6 at. mass atomic ratio simple ratio

C26.5912 22-259 _o0ql

H2221 2-122 _oo0l

0711916 7"11-619 — 4442

(a) its empirical formula = CHO5
(b} empirical formula mass =45
Vapour density =45

So, molecular mass =V.D ,2=%0

so, molecular formula = CoH204

Solution 13.

Element %6 at. mass atomic ratio simple ratio

C17165355 7165 5491
35.5

H4.071 4-10? _an72

C24.2812 21-229 _opel

(@) its empirical formula = CH5Cl

(b} empirical formula mass = 49.5

Since, molecular mass = 98.94

so, molecular formula = (CH3Cl)e = CaHaCls



Solution 14.

(a) The g atom of carbon = 4.8/12 = 0.4 and g atom of hydrogen = 1/1=1
(b} Element Given mass At. mass Gram atom Ratio

C48120412

H111255

50, the empirical formula = CaHg

(c) Empirical formula mass =29

Molecular mass=VD ,2=29 ,2=53

5o, molecular formula = CaHqp

Solution 15.

Since, g atom of 51 = given mass/mol. Mass
so,givenmass=0.2 ., 28=546g

Element mass At. mass Gram atom Ratio
S5ih628021

1213355213 _ .3
355

Ermpirical formula = SiCl5
Solution 16.

Element % at. mass atomic ratio simple ratio
C92312592.3 - -1
12

H?.?1$=?.?‘l

Lo, empirical formula is CH
Empirical formula mass = 13
Since molecular mass = 78
So,n=46

- molecular formula is CgHg

Solution 17.

(a) G atoms of magnesium = 18/24 = 0.75 or g- atom of Mg
(b) G atoms of nitrogen = 7/14 = 0.5 or 1/2 g- atoms of N
(c) Ratio of gram-atoms of N and Mg = 1:1.5 or 2:3

So, the formula is Mgs N



Solution 18.

Barium chloride = BaCl,.x H,O

Ba + 2CI + x[H, + O]

137+ 235.5 + x [2+16]

[208 + 18x] contains water = 14.8% water in BaCl,.x H,O
[208 + 18 x] 14.8/100 = 18x

[104 + 9x] 2148=18000x

[104+9x] 37=250x

= 3848 + 333x =2250x

1917x =3848

X = 2molecules of water

Solution 19.

Molar mass of urea; CON.H,=60 g
So, % of Nitrogen = 28 x 100/60 = 46.66%

Solution 20.

Element % At. mass Atomic ratio Simple ratio

C421123.51

H6.4816.48 2

0514216 3.21

The empirical formula is CH.O

Since the compound has 12 atoms of carbon, so the formula is
C12 H24 012.

Solution 21.

(a) Now since the empirical formula is equal to vapour density and we know that vapour
density is half of the molecular mass i.e. we have n=2 so, molecular formula is A;B..

(b) Since molecular mass is 2 times the vapour density, so Mol. Mass =2 V.D
Empirical formula weight = V.D/3

So, n = molecular mass/ Empirical formula weight = 6

Hence, the molecular formula is AsBs

Solution 22.

Atomic ratio of N = 87.5/14 = 6.25
Atomic ratio of H=12.5/1 =12.5



This gives us the simplest ratio as 1:2
So, the molecular formula is NH,

Solution 23.

Element % at. mass atomic ratio simple ratio

Zn 22.65 65 0.348 1

H4.8814.88 14

S 11.15320.348 1

061.32 16 3.83 11

Empirical formula of the given compound =ZnSH,0;;
Empiricala formula mass = 65.37+32+141+11+16=287.37
Molecular mass = 287

n = Molecular mass/Empirical formula mass = 287/287=1
Molecular formula = ZnSO+,H4

= ZnSO47H20

Exercise 5(D)

Solution 1.

(a) Moles:1 mole + 2mole s 1mole+ 2mole
(b) Grams: 42g + 36g _, 74g+4¢g
(c) Molecules = 6.02 , 10%°+12.046 , 10%° _, 6,02 , 10%°+ 12.046 , 107

Solution 2.
(a) 100 g of CaCO 5 produces = 164 g of Ca(MNO=);
Sp, 15 g CaCOzwill produce = 164 . 15/100=24.6 g Ca(NO )2
(b} 1V of CaCOx produces 1V of CO»
100 g of CaCOs has volume = 22.4 litres
5o, 15 gwill have volume = 22,4 ., 15/100 = 3.34 litres CO»



Solution 3.

ZMNHz+H250, 5 (NH4)2504
a6 g

[a) 2NHz+ Hz50,4 = (NH4)2504
34g98g132g

For 132 g (NH4)5504 = 34 g of NHz is required

5o, for 66 g (NH4)2504 = 66 . 32/132 = 17 gof NH3 is required
(b} 175 of NH3 requires volume = 22.4 litres

[c) Mass of acid required, for producing 132g (MH4)250,4 = 988
So, Mass of acid required, for 66g (NH4)250,4= 66 ,, 98/132 =49

Solution 4.

(@) Molecular mass of PbsO4=3 207.2+4 ,16=685¢g
655 g of PbsO4 gives = 834 g of PbCly
Hence, 6.65 g of PbsO 4 will give = 6.85 . 834/685=58.34 g

(b} 685z of Pb3z04gives = 71gof Cls
Hence, 6.65 g of PbsO 4 will give =685 . 71/685=071gCls

(€] 1V Pbs0aproduces 1V Clo
685z of PbaO4has volume = 22.4 litres = volume of Clz produced
So, 685 PbsO4 will produce = 6.85 ., 22.4/685 = 0.224 litres of Cl;

Solution 5.

Molecular mass of KNO;= 101 g

63 g of HNOs is formed by = 101 g of KNO,

So, 126000 g of HNOs is formed by = 126000 x 101/63 = 202 kg
Similarly,126 g of HNO; is formed by 170 kg of NaNO,

So, smaller mass of NaNOsis required.



Solution 6.

CaCO4 + 2ZHCI_ CaClo + H0 +C0O4
100g73g22.4L
[a]Vq =2 litres\V, =7
Tq=(273+27)=300KT=273K
V1/T1=Va/T2
Vo=V To/Ty= 2% 273
300
MNowrat 5TP 22.4 litres of CO5 are produced using CaCO5 =100g

So, [ﬂ} litres are produced by =100/22.4 2274/300 =.125g
200

[b)22.4 litres are CO5 are prepared from acid =73g

[2 % 2?3} litres are prepared from = 73/22.4 2273/300=5.9g
300

Solution 7.
2H;0 4 2H2+ 04
2V2V1w
2moles of HoO gives = 1 mole of O5
50, 1 mole of HoO will give = 0.5 moles of O5
50, mass of 05 = no. of moles x molecular mass
=0.5,32=16g0f 05
and 1 mole of O3 occupies volume =22.4 litre
50, 0.5 moles will occupy = 22,4 . 0.5=11.2 litres at 5T.R.

Solution 8.

2Ma;05+ 2H50 5 4MaOH + O

2WAVIY

[a) Mol. Massof Na;05=2 ,23+2 ,16=73¢
Mass of ZMas0o=156g

156 g Na;05 gives = 160 gof NaOH (4 40 g)
S0, 1.56 NasOowill give = 160 ., 1.56/156 = 1.6
(b} 156 g Maz0 4 gives = 22.4 litres of axygen

So, L.56 gwill give =224 , 1.56/156 =0.224 litres
=224 cm?

[€)156 g Nas04ogives=32g 05

S0, 1.56 g Na; 05 will give = 32 , 1.56/156
=32/100=0232¢g



Solution 9.

2MH4Cl + CalOH) 7 5 CaClo+2H,0 + 2MH+

2WVIVIVZY

Mol. Mass of ZNH4Cl = 2[14 + (1 . 4)+ 35.5] = 2[53.5] =107 g
(@) 107 g NH4Cl gives = 34 2 NH-

So,21.4 g NHAClwill give =214 . 34/107 = 63 gNH3

(b} The volume of 17 g MH = is 22.4 litre

So,volume of 6.8 gwillbe = 6.8 . 22.4/17 = 8.96 litre

Solution 10.

AlgCa+12 HoO y 3CH4+4AIOH) S

1vV3v4av

14423 ., 22.4 [volume

Mow, since 144 gof AlaCsgives =3 224 litreof CHy4

S50, 14.4 gof Al4Cswillgive =3 22,4, 14.4 /144 = 6.72 litres CHy

Solution 11.

MnO5 +4HCI o MnCls + 2H20 +Cl 5
1IV4VIVLIY

(a) 1 mole of MnO5 weighs = 87 g (mol. Mass)

5o, 0.02 mole willweigh = 87 ., 0,02 =174 g MnO4
(b) 1 mole MnO5 gives = 1 mole of MnCl2

S0, 0.02 mole MnOowill give =0.02 mole of MnCls

(c) 1 mole MnCls weighs = 126 g{imol mass)

S0, 0.02 mole MnCly will weigh = 126 ,,0.02g=252¢g
(d} 0.02 mole MnOowill form =0.02 mole of Cl4

(e} 1 mole of Cloweighs=355g

50, 0,02 mole willweigh=71 ,002= 142 gof Cls

(f) 1 mole of chlorine gas has volume = 22.4 litres
5o, 0.02 mole will have volume = 22.4 . 0.02 = 0.4438 litre

(2] 1 mole MnOareguires HCl = 4 mole

S50, 0.02 mole MnO; will require =4 ., 0.02 = 0.08 mole
(h) For 1 mole MnO4, acid required = 4 mole of HCI
5o, for 0.02 male, acid required = 4 .. 0.02 =0.08 mole
Massof HCl =008 x365=292¢g



Solution 12.

Nz + SHQ — ZM H3

28g6g34g

28g of nitrogen requires hydrogen = &g

2000g of nitrogen requires hydrogen = 6/28 ,, 2000=3000/7z
5o mass of hydrogen left unreacted =1000-3000/7=5714go0f Hs
(b)28g of nitrogen forms NH5 = 34g

2000g of N5 forms NH=+

= 34/28 ., 2000

=2428.468

Miscellaneous Exercise
Solution 1.

From equation: 2H2 + 05 _ 2H-0

1 mole of Owyzen gives = 2 moles of steam
s0, 0.5 mole oxygen will give = 2 ., 0.5 = Imole of steam

Solution 2.

3Cu+ 8HNO;3 _, 3Cu (NOg); + 4H,0 + 2NO

IVBVIVIV
Mol Mass of BHNO5=8 63 =504g

(@) For 504 g HNO=, Curequired is= 192 g

So, for 63g HNO < Curequired = 192 . 63/504 = 24¢g

(b) 504 g of HNO 5 gives = 2 .. 22 4 litre volume of NO
So,63g of HNO 5 gives =2, 22.4 . 63/504 =5.6 litre of NO

Solution 3.

(a) 28g of nitrogen = 1mole
So, 7g of nitrogen = 1/28 ., 7=0.25 moless

(b} Wolume of 71 gof Cl2 at STP =224 litres
Violume of 7.1 gchlorine =224 . 7.1/71=224 litre

(c) 22400cm? volume have mass =28 g of CO(molar mass)
So, 56cm” volume will have mass =28 5 56/22400=0.07 g



Solution 4.

%of NinNaNOz= 1% 100 2 15.47%
5
%of Nin(NH4)2504= 1% 1002 21.21%
132
% of N in CO{NH)2 = ;_nm - 46.66%

S0, highest percentage of M is in urea.

Solution 5.

2H50 4 2H5+ 04

2WV2IVIV

(a) From equation, 2 V of water gives 2V of Hzand 1V of O5
where 2V = 2500 cm?

so, volume of O liberated = 2V/V = 1250 cm®

(b}

Pivy _ Pels

T T

Pivy TP Ms

T,  ZxT

V, = 2500 =2
K

Wo = @cmg
7

(c)

""'III_TI

Vo Ty

tooo T,

7x2500 T,

T,=3.5T,

l.e.temperature should be increased by 3.5 times.
Solution 6.

Molecular mass of urea=12 + 16+2(14+2) =60g
60g of urea contains nitrogen =28g

So, in 50g of urea, nitrogen present =23.33 g
50 kg of urea contains nitrogen=23.33kg



Solution 7.

(a) 80% Cand 20% H

So, atomicratioof Cand Hare: ~ _ % - 6.66H= ¥= 20
Simpleratioof C:H=1:3

So, empirical formulais CHs

(b) Empirical formula mass = 12+{3x1)=15g

Vapour density = 15

So, the molecular mass = 15(VD)x2=30g

Hence, n= 2 so the molecular formula is CaHg

Solution 8.

22400cm? CO5 has mass = 44g

so, 224 cm? CO5will have mass= 044 g

Mowv since CO4 is being formed and X is a hydrocarbon so it contains C and H.
In0.44g CO5, mass of carbon=0.44-0.32=0.12g=0.01g atom
So,mass of Hydrogen in X = 0.145-0,12 = 0.025g

= 0.025g atom

Mow theratioof C:His C=1: H=2.50r C=2 : H=5

i.e. the formula of hydrocarbon is CoHsg

(a) Cand H

(b} Copper (1) oxide was used for reduction of the hydrocarbon.
(c)

(i} no. of moles of CO5=0.44/44 = 0.01 moles

(iijmassof C=0.12¢g

(iiiymassof H=0.025 g

[iv) The empirical formula of X =CsH5

Solution 9.

Mass of X in the given compound =249

Mass of oxygen in the given compound =64g

So total mass of the compound =24+64=88g

% of X in the compound = 24/88 100 = 27.3%

% of oxygen in the compound=64/88 100 =72.7%
Element % At. Mass Atomic ratio Simplest ratio
X 27.312 27.3/12=2.27 1
072.71672.2/16=4.54 2

So simplest formula = XO,



Solution 10.

(@) V.D = massofgasatsTR _ 85 _ 17
mass of equal volumeofH, &

(b) Molecular mass = 17[VD) x 2= 34g

Solution 11.

[8) CO5+C 4 2C0

IVIV2ZY

12 g of C gives = 44.8 litre volume of CO

50,3 g of Cwill give = 11.2 litre of CO

(b) 2CO+ 09 5 2C04

2VIV2ZY

(i} 2V CO reqguires oxygen=1V

s, 24 cm® CO will require = 24/2 =12 cm?

(i) 2 % 22400 cm? CO gives = 2% 22400 cm? CO-
s0, 24cm? CO will give = 24 cm?® CO5

Solution 12.

2Ca{NOs)s _ 2C30+ 4N05 + O

2V2IVAV IV

(a) 56 gof Ca0is obtained with NO5 =2 224 litre of NO5
S0, 5.6g of Ca0 is obtained with NO5=2 224 . 5.6/56
=448 litre

[b) 56 gof Cal is obtained by = 164 g Ca(NOz)5

50, 5.6 g Ca0 is obtained by = 5.6 ,, 56/164 g Ca[NO3)2

= 16.4 g of Ca(MO )7 is heated.

Solution 13.

(a) Number of molecules in 100cm? of oxygen=Y

According to Avogadros law, Equal volumes of all gases under similar conditions of
temperature and pressure contain equal number of molecules.Therefore ,number of
molecules in 100 cm? of nitrogen under the same conditions of temperature and
pressure =Y

So, number of molecules in 50 cm? of nitrogen under the same conditions of
temperature and pressure =Y/100 50=Y/2



(b) (i) Empirical formula is the formula which tells about the simplest ratio of combining
capacity of elements present in a compound.

(i) The empirical formula is CH,

(iii) The empirical formula mass for CH,O = 30

V.D =30

Molecular formula mass = V.D 2 = 60

Hence, n =mol. Formula mass/empirical formula mass= 2

So, molecular formula = (CH,0), = C,H,O,

Solution 14.
The relative atomic mass of Cl = (35 x 3 + 1 x 37)/4=35.5 amu

Solution 15.

Mass of silicon in the given compound =5.6g2

Mass of the chlorine in the given compound=21.3g

Total mass of the compound=5.46g+21.3g=24.9g

% of silicon in the compound = 56/26.9 . 100 = 20.82%

% of chlorine in the compound = 21.2/26.%9 .. 100 = 79.15%

Element % At. Mass At. Ratio Simplest ratio

512082 28 2082/28=0741

Cl79.18 35.579.168/35.5=2.23 3

50 the empirical formula of the given compound =5iCl

Solution 16.

% composition Atomic ratio Simple ratio
P=38.27%3827/31=1231
H=247%247/1=2472
O=5%926%59.26/16=3703

So, empirical formula is PH205 or HoPO+
Empirical formula mass=31+2 ,1+3 ,16=51

The molecular formula is = HaP20g, because n= 162/81=2



Solution 17.

V4 =10litres V,=?
T4=27+273=300KT5=273K
P1=700 mm Pz =760 mm
Using the gas equation

PiV: =P;V;
T Tz

Vi =PiViT2 = 700X10 X 273
T:Pz: 300 X 760

Molecular weight A = 60

So, weight of 22.4 litres of A at STP =60 g

Weightof = 700X10 X 273 litres of A at STP
300 X 760

=80 X 700X10 X 273 ;1 22.45¢
224 300 X 760

Solution 18.

(a) Molecular mass of COo = 12+ 2xl6=44g
So, vapour density (VD) = mol. Mass/2 = 44/2 = 22

VD= MmassofcertainamountofCo,  m
mass ofequal volum e ofhydrogen 1
oo
1

So, mass of CO, = 22 kg

(b) According to Avogadros law ,equal volumes of all gases under similar conditions of
temperature and pressure contain equal number of molecules.

So, number of molecules of carbon dioxide in the cylinder =number of molecules of
hydrogen in the cylinder=X

Solution 19.

(a) The volume occupied by 1 mole of chlorine = 22.4 litre

(b) Since PV=constant so, if pressure is doubled; the volume will become halfi.e. 11.2
litres.

(C) V1/V2 = T1/T2

22.4/\V, =273/546

V, = 44 .8 litres

(d) Mass of 1 mole Cl, gas =35.5x2 =71g



Solution 20.

(a) Total molar mass of hydrated CaS04xH50 = 136+18x

Since 21% is water of crystallization, so

18x 21

136+ 19x 100

So, % = 2 i.e. water of crystallization is 2.

(b} For 18 gwater, vol. of hydrogen needed = 22.4 litre
So, for 1.5 g, vol. of Hy needed= 1.8 x 22.4/18 = 2.24 litre

Mowr 2 vols. of water = 1 vol. of oxyvsen
1vol.of water =1/2 vol. of O, =22.4/2=11.2lit.

18 g of water=11.2lit. of O5

1.8 gof water = 11.2/18 15/10=1.12 lit,
(c) 32g of dry oxygenat STP = 22400cc
2gwill ocoupy = 224002/32=1400cc
FP1=760mm P7 =740mm

Wq=1400cc V4 =7

Tq=273 K, To=27+73= 300K

PiVi =PsVs
Ta T2 x

V2 =PyViT: = 760 X1400 X 300 =1580 cc
T;Fz )

273 740

= 1580/1000 =1.58|
(d} P4= 750mm P5=760mm

W= 44lit. Vo=7
Tq=298K To=273K
PV =PV
Ta Tz X
Wi =PWiTs = 750 Xag X 273 =39.78 lit.
T1P:2 £
298 X 760

22.4 lit. of COZ at 5TP has mass= 44g
39.78 lit. of CO2 at STP has masss =44 X39.78
22.4
=78.14g

(2) Since 143.5g of AzClis produced from =58.5 g of NaCl
so, 1.435 g of AgClis formed by =0.585 g of NaCl
%0 of NaCl =0.585 x100 = 58.5%



Solution 21.

Py Py

R

Py x22.4 2R,
573 G486

Vo = 224 litre

Solution 22.

(a) The molecular mass of (Mg(NO:s),.6H.O = 256.4 g
% of Oxygen = 12 x 16/256
=75%

(b) The molecular mass of boron in Na,B.O,.10H.O = 382 g
% of B=4 x11/382 = 11.5%

Solution 23.

V X 760= 360X 380
273 _éﬁ_

V=360 X 380X 273 =136 5cm?®
760 360
136.5cm® of the gas weigh = 0.546

22400 cm? of the gas weight = 0.546 X 22400 =89.6 amu
136.
Relative molecular mass= 89.6a.mu

Solution 24.

(a) 252 g of solid ammonium dichromate decomposes to give 152 g of solid chromium
oxide, so the loss in mass in terms of solid formed = 100 g

Now, if 63 g ammonium dichromate is decomposed, the loss in mass would be = 100 x
63/252 =25¢

(b) If 252 g of ammonium dichromate produces Cr,O;= 152 g
So, 63 g ammonium dichromate will produce = 63 x 152/252
=38¢g



Solution 25.

EHQS + 302 — EHQO‘ + 25{:}'2

2V 3IVIV

128 g0f 505 gives = 2 ,, 22.4 litres volume
50,128 g0f 505 gives=2 224 [ 12.6/128

=445 litre volume
Orone can say 4.48 litres of hydrogen sulphide.

2 224 litre Ho5 requires oxygen =3 . 22.4 litre

S0, 4.438 litres HoSwill require = 6.72 litre of axygen

Solution 26.

From equation, 2NHz+ 2 05 _, 2NO +3H50

When &0 g NO is formed, mass of steam produced =54 g

So, 1.5 g NO is formed, mass of steam produced = 54 ., 1.5/60

=1.35¢g

Solution 27.

In 1 hectare of soil, Nz removed = 20 kg

S0,in 10 hectare Mo removed = 200 kg

The molecular mass of Ca[M0Oz) =164

Mow, 25 g M present in fertilizer = 164 g Ca(NOs)5
S0, 200000 g of N5 is present in = 164 ,, 200000/28

=117142 kg



Solution 28.
(a) 1 mole of phosphorus atom = 31 g of phosphorus
3lgof P=1molecfP

62g0fP=0.2x1 02 moleof P
31

(b} 31 g Preacts withHNO5=315g

50, 6.2 2 P will react with HNCG; =315 . 6.2/31=63¢g

(c)

Moles of steam formed from 31g phosphorus = 18g/18g = 1maol

Moles of steam formed from 6.2 g phosphorus = 1mol/31g6.2=0.2 mal

Volume of steam produced at STF =0.2 . 22.4 |/MOL=4.43 litre

Since the pressure (760mm) remains constant , but the temperature (273+273)=546 is
double, the volume of the steam also gets doubled
So,Volume of steam produced at 760mm Hg and 273°C = 4.48 x 2 = 8.96litre

Solution 29.

(a) 1 mole of gas occupies volume = 22.4 litre

(b) 112cm” of gaseous fluoride has mass =0.63 g
50, 22400cm will have mass = 0.63 , 22400/112
=126g

The molecular mass = At mass P + At. mass of F
126=31+ At Mass of F

So,At. Massof F=%95 g

But. at. massof F= 1950 95/19=5

Hence, there are 5 atoms of F so the molecular formula = PF5



Solution 30.

NEI‘EC'-':'}'].'DH‘EO — Na;':':@ + 1':'H2|:|

286g106g

So,for 57.2 gNa;C0O5.10H,0 = 106 . 57.2/286 = 21.2 g NaCO5

Solution 31.
(a) The molecular mass of Ca(HoPO4) = 234
The¥of P=2,31/234=2549%

(b} Simple ratio of M =34.5/56=0616=1
Simpleratioof Cl = 65,5/35.5=1845=3

Empirical formula = MClz
Empirical formula mass = 162.5, Molecular mass =2 . V.D =325
So,n=2

So, molecular formula = M5Clg

Solution 32.

V1/V2 = n1/n2

So, no. of moles of Cl = x/2 (since V is directly proportional to n)
No. of moles of NH; = x

No. of moles of SO, = x/4

This is because of Avogadros law which states Equal volumes of all gases, under
similar conditions of temperature and pressure, contain equal number of molecules.

So, 20 litre nitrogen contains x molecules

So, 10 litre of chlorine will contain = x x 10/20=x/2 mols.

And 20 litre of ammonia will also contain =x molecules

And 5 litre of sulphur dioxide will contain = x x 5/20 = x/4 mols.



Solution 33.
AMNs0+ CHy - COo+ 2H20 + 484

AVIVIVIVEY

2x 22400 litre steam is produced by NoO = 4 x 22400 cm=
So, 150 cm” steam will be produced by= 4 . 22400 ., 150/2 x 22400
= 300 cm® N5O

Solution 34.

(a) Volume of O, =V

Since O,and N,have same no. of molecules = x
so, the volume of N,=V

(b) 3x molecules means 3V volume of CO

(c) 32 g oxygen is contained in = 44 g of CO,

So, 8 g oxygen is contained in =44 x8/32=11¢g
(d) Avogadro’s law is used in the above questions.

Solution 35.

(a) 444 g is the molecular formula of (NH.). PtCls
% of Pt = (195/444) x 100 = 43.91% or 44%

(b) simple ratio of Na =42.1/23 =1.83 =3
simple ratio of P = 18.9/31 = 0.609 = 1
simple ratio of O = 39/16 =2.43 =4

So, the empirical formula is Na;PO,

Solution 36.

CH4+ 205 5 CO5+ 2H50
IV2ZVIV2V

From equation:

224 litres of methane requires oxygen = 44.8 litres O5
2H5+ 04 - 2H0

2VIVZY

From equation,

448 litres hydrogen requires oxygen = 22.4 litres O

S0, 11.2 litres will require = 22,4 x 11.2/44.8 = 5.4 litres

Total volume =448 + 5.6 = 50.4 litres



Solution 37.

According to Avogadros law:
Equal volumes of all gases, under similar conditions of temperature and pressure
,contain equal number of molecules.

DEE

S0, 1 mole of each gas contains = 6.02 1 molecules

Mol. Mass of Ha (2),04(32) ,CO4(44),50.(64),Cl5(71)

[1)Mow 2 g of hydrogen contains molecules =6.02 ., 1043

S0, 8g of hydrogen contains molecules = 8/2  6.02 1023

=4 .. 6.02 , 10?3 = 4M molecules

(2)32g of oxygen contains molecules = /32 , 6.02 , 1043=M/4

(3)44z of carbon dioxide contains molecules = 8/44 6.02 1023=2M/11

[4)64g of sulphur dioxide contains molecules =6.02 ., 1043
So, 8g of sulphur dioxide molecules = 8/64 , 6.02 , 1043= M/8
[5)71 g of chlorine contains molecules =6.02 ., 1043

So, 8g of chlorine molecules = 8/72 . 6.02 , 1025 =8M/71
Since 8M/71<M/8<2M/11<M/4<4M

Thus Cl3<505<C05=05<H5

(i)Least number of molecules in Cla

[iiMost number of molecules in Ho



Solution 38.

Mas50,4 + BaCly _, BaS0O, + 2NaCl

Maolecular mass of BaS0,=233g

Mow, 233 g of BEaSO.4 is produced by Ma504=142g

S0, 6.99 g BaS0.will be produced by = 6.99 . 142/233 =426
The percentage of Naz50 4 in original mixture =4.26 , 100/10

=42.6%

Solution 39.

(a) 1litre of oxygen has mass = 1.32 g

So, 24 litres {molar vol. at room temp.) will have mass = 1.32 x 24
=31bor32g

(b} 2KMnOy — KaMnOg+ MnOs+ 04

316 g of KMnO4 gives oxygen = 24 litres

50,15.8 g of KMnO g will give =24 . 316/155 = 1.2 litres

Solution 40.

(a)
(i} The no. of moles of 505 = 3.2/64 = 0.05 moles

(ii) In 1 mole of 5042, no. of molecules present = 6.02 ., 1

So,in 0.05 moles, no. of molecules = 6.02 , 1023 , 0,05

[}23

=3.0 1022
(iii}) The volume occupied by 64 g of 50, =224 dm?

3.2 g of 505 will be occupied by volume = 22.4 ., 3.2/64 =1.12 dm?

(b} Gram atoms of Pb = £.21/207=003=1
Gram atomsof Cl =4.246/35.5=0.12=4

So, the empirical formula = PbCls



Solution 41.

(i) D contains the maximum number of molecules because volume is directly
proportional to the number of molecules.

(i) The volume will become double because volume is directly proportional to the no. of
molecules at constant temperature and pressure.

V1/V2 = n1/n2
V1/V2 = n1/2n1
SO, V2= 2V1

(iif) Gay lussac’s law of combining volume is being observed.

(iv) The volume of D = 5.6 4 = 22.4 dm?, so the number of molecules = 6 x 102 because
according to mole concept 22.4 litre volume at STP has = 6 x 10 2 molecules

(v) No. of moles of D = 1 because volume is 22.4 litre
so, mass of N.O=144=44¢g

Solution 42.

(@) NaCl+ NHz+ CO5 + HaO _, NaHCOx+ MH4CI
2ZNaHCO3 5 Na;COz+Ho0 + CO4

From equation:

106 gof MasC04is produced by = 168 gof NaHCO4
50,21.2 gof NasCOqwill be produced by = 168 . 21.2/106
=33.6 20f NaHCO+

(b} For 84 g of NaHCO s, required volume of CO5 = 22.4 litre
So, for 33.6 g of NaHC O3, reguired volume of CO5 =224 x 33.6/8

= 8.94 litre



Solution 43.

I:E:l NH.:N':':. — NZD T EHED

Imole Imole 2mole

1IVIV2Y

44.8 litres of water produced by = 22.4 litres of NHaNO+
S0, 8.96 litres will be produced by = 22,4 x §.946/44.3
=448 litres of NHaNO=

So,4.485 litres of N3O is produced.

(i} 44.8 litre HoO is produced by = 80 g of NH4NO4

S0, 8.96 litre H2O will be produced by = 80 x 8.96/44.5
= 165 NH4 MO 5

(i} %6 of O in NH4NO5 = 3x16/80 = 60%

Solution 44.

(a) Element % Atomic mass Atomic ratio Simple ratio
K47.9391.222

Be5590.6 1

F46.6 192454

so, empirical formula is K,BeF,

(b) 3CuO + 2NH; — 3Cu + 3H,0 + N,

3Vv2V3V1v

3 x 80 g of CuO reacts with = 2 x 22.4 litre of NH,

so, 120 g of CuO will react with = 2x 22.4 x 120/80 x 3
= 22.4 litres

Solution 45.

(a) The molecular mass of ethylene(C,H,) is 28 g

No. of moles = 1.4/28 = 0.05 moles

No. of molecules = 6.023 x102 x 0.05 = 3 x 102molecules
Volume = 22.4 x 0.05 =1.12 litres

(b) Molecular mass =2 XV.D
S0, V.D =28/2=14



Solution 46.

[a) Molecular mass of NasAlFg =210

Lo, Percentage of Na = 3x23x100/210 = 32.85%
b)) 2CO+04, _, 2C04

2VIVIV

1 mole of O3 has volume = 22400 ml

Yolume of oxygen used by 2 x 22400 ml CO = 22400 mi
S0, Vol. of O3 used by 560 ml CO =22400 x 560/{2 x 22400)

=280 ml

So, Volume of CO5 formed is 560 mil.

Solution 47.

a. Mass of gas X =10g
Mass of hydrogen gas= 2
Relative vapour density

Massof volume of gas Xunder similar conditions i0
-Mass of volume of hydogengasunder similar conditions - 2 _g

Relative molecular mass of the gas= 2xrelative vapour
density = 2x5

=10
b.

i. The combustion reaction (9}

According to Gay-Lussac's law,
2 volume of acetylene requires 5 volume of oxygen to burn it

“ 1 volume of acetylene requires 2.5 volume of oxygen to burn it

. 200em® requires 2.5%200=500 cm® of oxygen
2 volume of acetylene on combustion gives 4C05

-1 volume of acetylene on combustion gives 2C05

~- 200cc of acetylene on combustion will give 200x2=400cc of CO5
ii. Hydrogen = 12.5%
« Nitrogen= 100-12.5= 87.5%

Element % Weight Atomic Weight Atomic Ratio Simplest Ratio
N 87.5 14 87.5/14=6.25 6.25/6.25=1
H 12.5 1 12.5/1=12.5 12.5/6.25=2

The Empirical formula of the compound is NHy

Empirical formula weight =14+2=16

Relative molecular mass =37




Relatve molecular mass 37

N=  Empirical Weight 16 559
Malecular formula = n x empirical formula =2 x NHo
=NaHy

C

i. Molecules of nitrogen gaszgg a cylinder = 24 x 1024

Avogadro's number =6 x 10

24 102 28

1. Mass of nitrogen in a cylinder = 6> 102

=1120g
2. Volume of nitrogen at stp

Volume of 28 gof Ng = 22.4dm°

1120 22,4

Volume of 1120g of N = 23 dm
=896 dm

3

Solution 48.

a.
i. 10 litres of LPG contains

0 vi0=6litres

FPropane
=£ ¥io=4dlitres
Butane 100

CH, +50, — 300, +4H,0
1wl Sl
=18 12L

2CH,, +130, - 8C0, +10H,0

2wal, Swal,

4L 16L
18+16=34 L
ii. Molecular mass of NH4(NOg) =80
H=1, N=14, 0=16

% of Nitrogen
As 80 g of NH4(NO3) contains 28 g of nitrogen

28 % 100

* 100 g of of NH4(NO3) will contain S0
=35%

% of Oxygen

As,80 g of NH4(NO3) contains 48 g of oxygen

100x 458

. 100 g of of NH4(NO3) will contain S0
= 60%



b.
i. Equation for reaction of calcium carbonate with dilute hydrochloric acid:

CaCO,+2HC| — CaCl,+H,0+C0, T

ii. Relative molecular mass of calcium carbonate=100
Mass of 4.5 moles of calcium carbonate
= No. of molesx Relative molecular mass
=4.5=700
= 4509

4 Cat0,+2HC] — CaCl,+H,0+C0, T
As, 100g of calcium carbonate gives 22.4dm° of CO2o

A50 % 22,4
" 450 g of calcium carbonate will give 100

=100.8 L

iii. Molecular mass of calcium carbonate =100

Relative molecular mass of calcium chloride =111

As 100 g of calcium carbonate gives 111q of calcium chloride

450x 111

" 450 g of calcium carbonate will give ~ 100
=499.5 g
iv.
Molecular mass of HCI=36.5
Molecular mass of calcium carbonate =100
As 100 g of calcium carbonate gives (2x36.5)= 73g of HCI

A50 % 73
" 450 g of calcium carbonate will give 100
=328.3¢
Weight of HC
Number of moles of Hel= Melecular weight of HCI
3285
36.5

0 moles



Solution 49.
a.
i. Atomic mass:5S=32and 0 =16
Molecular mass of 505=32+(2x16)
=hdg 5
As 64 g of 509 = 22.4dm

320 % 224

Then, 320 gofS05,= 64
=112 L
ii. Gay-Lussac's law Gay-Lussac's Law states "When gases react, they do so in volumes which bear a simple ratio

to one another and to the volume of the gaseous product, if all the volumes are measured at the same
temperature and pressure.”

jii. C3Hg + 509—3C05 + 4H,0

Molar mass of propane = 44

44 g of propane requires 5 x 22 4 litres of oxygen at STP.

Sx22.4x8.8
8.8 g of propane requires 44 =22 4 litres
b.
i
Element Relative %Compound Atomic ratio Simplest ratio
atomic mass
H 1 213 213/1=2.13 2
C 12 12.67 12.67/12=1.055 2
Br 80 85.17 85.11/80=1 1

Empirical formula = CHoBr
n(Empirical formula mass of CH,Br) = Molecular mass (2 x VD)
n12+2+80)=04x2
n=2
Molecular formula = Empirical formula = 2
= (CH5Br) x 2
=C Br
i. ‘IDEEEIat%Qs of sulphur
6.022 x 10 atoms of sulphur will have mass =32 g

32 x 10%

1022 atoms of sulphur will have mass = £.022 x 10
=0.533 g

iii. 0.1 mole of carbon dioxide

1 mole of carbon dioxide will have mass = 44 g

0.1 mole of carbon dioxide will have mass=4.4g




Solution 50.
P 4+ SHMO,  —H,PO,+ H,0 + SNO,
a. |m e

9.3

i. Number of moles of phosphorus taken = 31
= 0.3 mol
ii. 1 mole of phosphorus gives 98 gm of phosphoric acid.
S0, 0.3 mole of phosphorus gives (0.3 x 98) gm of phosphoric acid
=29.4 gm of phosphoric acid

iii. T mole of phosphorus gives 112 L of NO2gas at STP.
S0, 0.3 mole of phosphaorus gives (112 x 0.3) L of

MO igas at STP.

=33.6Lof NOigas at STP
b.
i. According to the equation

M, + 3H, —= ZMNH
21a) Jial

211
3 volumes of hydrogen produce 2 volumes of ammonia

2HE7 .2

67.2 litres of hydrogen produce 3 =44 8L
3 volumes of hydrogen combine with 1 volume of ammonia.

1x6/7.2

67.2 Iitresaof hydrogen combine with 3 =22 4l Nitrogen left = 44.8 - 22 .4 = 22 4 litres
i 5.63dm of gas weighs 12 g

1 dm nggas weighs = (12/56) gm

22.4 dm™ of gas weighs = (12/56 x 22.2) gm = 48g

Therefore, the relative molecular mass of gas = 48 gm.

iii. Molar mass of Mg (NO3)9.6H20

=24x(14x2)+(16x12)+(1x12)=256¢

24 100

Mass percent of magnesium= <56

=9.57%



Solution 51.

d.

2C,H,+ 130, — 8C0,+ 10H,0
2 13
2 vols. of butane requires 02 = 13 vols

13

90 dm> ofé::utane will require 05 = 2 x 90

=585 dm

ii. Molecular mass = 2 x Vapour density

So, molecular massof gas=2x8=16g

As we know, molecular mass or molar mass occupies 22 .4 litres.
That is,

16 g of gas occupies volume = 22 .4 litres

So, 24 g of gas will occupy volume

22.4
&

® 24 =236 litres

iii. According to Avogadro's law, equal volumes of all gases under similar conditions of temperature and
pressure contain the same number of molecules.
5o, molecules of nitrogen gas present in the same vessel = X

b.

KO0, — % 52K T + 30,

24 24 3N

i
3 vols. of oxygen require KClO3 = 2 vols.

2

= wals,
50, 1 vol. of oxygen will require KCIOg = 3
S0, 6.72 litres of oxygen will require KCI0g

2 wols,
So, 1 vol. of oxygen will require KClOg = 3
So, 6.72 litres of oxygen will require KClOg

%x6.?2=4.48|itre5

22.4 litres of KClOg has mass = 122.5 g
So, 4.48 litres of KCI05 will have mass

1225, 4 48=2454
= 224
ii. 22.4 litres of oxygen = 1 mole

6,72

So, 6.72 litres of oxygen = 22. 4
Mo. of mnle%es present in 1 mole of 05
=6.023x 10
So, no. of mcijgcules present in 0.3 mole of 02
=6.023 %10 23‘ 0.3
=1.806 =10
iii. Volume occupied by 1 mole of CO5 at STP = 22.4 litres
So, volume occupied by 0.01 mole of COg at STP = 22.4 x 0.01= 0.224 litres

= 0.3 maoles



Solution 52.
a.

| 20H, + 50, — 400, + 2H,0

2 mo\ljgs of G2H2=4mnle§ of COp
x dm* of CoHo =8.4 dm* of CO5

2x8.4
= 4
=4.2 dm° of CoHo
ii. Empirical formula= XY
Atomic weight (X)=10
Atomic weight (Y)= 5
Empirical formula weight ={2x 10) + 5
=25

Molecular weight
- Ernpirical formulawesight
_ 2x4.0
 Empirical formul aweight
_2x25
T

=2
So, molecular formula = X3Yx2
=Xa¥2

i. A cylinder contains 68 g of ammonia gas at STR.
Molecular weight of ammonia = 17 g/mole

68 g Dfammnniagas at STP =7

1 mole =22.4 dm 3
~4mole=224x4=89.6dm

ii. 4 moles of ammoniazﬁas is present in the cylinder.
jii. 1 mole =6.023 x 10 23 molecules

4 moles = 24.092 x 107~ molecules

Solution 42.

The formula of aluminium nitride is AlN.
The molecular mass =41

So,the percentage of N =14 , 100/41 = 34146 %



Solution 48.

(i} Element %6 atomic mass atomic ratio simple ratio
ca512 48 _ 541
12

Br95.280 992 _ 4 53
&0

So,empirical formula is CBrg

(i) Empirical formula mass=12+3 ,80=252¢
rolecular formula mass =2 ., 252(V.D) =504 g
n=504/252=2

5o, molecular formula = C5Brg

Solution 49.

2CgH15 + 2505 _ 16C05+ 18H,0

2V 25V 18V 18V

(i} 2 moles of octane gives = 16 moles of CO5

50, 1 mole octane will give = 8 moles of CO4

(ii) 1 mole CO5 occupies volume = 22.4 litre

50, 3 moles will occupy volume =8  22.4 = 1792 litre
(iii) 1mole COshasmass =44 g

50, 1&6 moles will have mass =44 146=704 ¢

(iv) Empirical formula is C4He.

Solution 50.

(a) (i) element % atomic mass at. ratio simple ratio
C144121.21

H1211.21

Cl 84.535.52.38 2

Empirical formula = CHCI,

(ii) Empirical formula mass = 12+1+71=84 g
Since molecular mass = 168 so, n =2

so, molecular formula = (CHCI.), = C,H.Cl,

(b) (|) C + 2HZSO4 — COZ + ZHZO + 2802

1V2V1V2V

196 g of H,SO, is required to oxidized =12 g C

So, 49 g will be required to oxidise =49 x 12/196 =3 g
(i) 196 g of H,SO.occupies volume = 2 x 22.4 litres

So, 49 g H,SO,will occupy = 2 x 22.4 x 49/196 = 11.2 litre
i.e. volume of SO, = 11.2 litre





