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Determination of molecular f(u"mu]n of a cumpuuml from 1t5 empmral fﬂrmﬂh

Example :

Step l

Step IT

Step 11

Step IV

TD dmelmmt_‘ the molecular formula of a LDmleJﬂd havmf the P*—Mfﬂtdgfi

composition Celf,5o%., H=2.22%., 3=71.19%. Vapour density of r:h-5|
compound =45, [C=12, H=1, Q=14

The empirical formula of the compound is determined as explained already.

Calculate the empirical formula weight from the empirical formula.
Empirical formula of above compound was caleulated to be CHO,.

~oempirical formula weight = 12 + 1 + 16x2 = 45

<] H]  [2(00
Record the molecular weight [or caleulate it from the V.D. of the compound]
Molecular weight from vapour density.
V.D.isgiven=45 . molecular weight =2 x V. D. =2 x 45 = 90
Determine t.he value of n an inleger by applying the [ormula.
Molecular weight = n x Empirical formula weight

Muolecular weight

s b= Empirical formula weight

S
.n= g -

Calculate the molecular formula by applying the formula

Molecular formula = [Empirical formula]

e [CHO,},

Hencenalecular formula = C,H,0,

S il wih o Soan v
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CcULAR FORMULA [Ty,

PROBLEMS BASED ON EMPIRICAL & MOLE ]

ercentage composition
Calenlate the
ila. JO=12, H=L =1h]

1. A compound has the [ollosing

Carbon=26.6%, Hydrogen = 2.2%,{ }I}'F:““"ﬂf I::Im
its molecular weight is 90, find its malecular

empirical formula of the COMPoy .

5 o g P | e
HT}—EFE‘._" i P AL WI el ative Mo of Atome Simplest Rapi, uf
b Element n, Camposition C (Al Ratiol r—— .._w_hn_h? “_lf'_m]fl'rs
e e ——— I = 2I2 | 2"2] s

~ 26 6% 12 ey 2.20
Carlbon . 17
2.20
i a2 = 220 kg
| Hydrogen 220 ——]—- 220
| A4 445 = 3
=y o, 16 7I.2 = 44b :
(xygen Gy BTE 2.20 —J
S - —

Molecular formula = Empirical formula ¢ n.—|
[ s 2 ger]|

Empirical formula of the compound = CHO; - Ans.

Fmpirical formula weight =12+ 7 + [2x16] =45
Molecular Weight [or2x V. ]

WMuolecular weight =90 [given]

n — : :
1 Empirical Formula Weight
_ Murrmlnrw-:_ighir _ t,l? o5 P B N
Empirical Fonnula Weight 45

Molecular formula = Empirical formulaxn [nisan integer]
= CHO,x2

= GHO,
Malecular fommula of the compound = C,H, 0, - Ans.

2. Acompounds of carbon, hydrogen and oxygen is found to contain 40% of carbon, 6.7% of hydrogen and
53.3% of oxygen. Calculate its empirical farmula. If its vapours density is 30, caleulate the malecular

formula, [C=12, H=1, O=16]

Elemerd % Composition Al WE Relative No. of Atoms Simplest Ratio of

L (At Rativ] whflle numbers

J Carbon 0% 12 1] = 333 3.33 =1

|I Hydrogen | 6.70% 3 6.70 = &70 6.70 = 2
T 33

’ Oxygen 53.3% 16 533 =3m ' 3.33 = 1
| | | N e
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Problems based on al 'E‘\,-‘pij:h[-‘l,-‘.,'pi};hE relatiomship, b] Weight-Valume rehtinnship.

1.  Caleulabe the werght ot pofassinm niliile formned by thermal decomposition of 1515 B of Pﬂ]l:;ls;ﬁu:n
nitrate. [R=39, N=14, Q=14

Snlution : et

= s
The chemical equation bar the reaction i [ TP, — TN, o+ O 1
| 1
IKNO, —Ey TR, v Oyfgl | &) —2EtEE L ER: i
= 2 | il wel] [rrnd. wi] L
|
2394 14 4 3% 18] 2039 4 14 + 2 x 18] !
1515 T e i
2101 2(85] o L ,
Twti] [wt.] |

-

- 2 101 grs of KN'ﬂa }'il‘_*lcl 2 x RS gins |_||'K‘.\]L'jl. = P '_

S 1515 gme of KMO yiclds 1515w 852 = 1275 g of KO,
Mix2

Weight of potassium nitrite formed is 12.75 g. - Ans.

2. Copper on reacting with cone. Hy50, produces copper sulphate. Tf 1.28 pm of copper is io be
- converted to copper sulphate. Find the weight of the copper sulphate formed and the weizht of the
acid required. [Cu=64, 5=32, O=1¢].

-

Solution :

The chemical equation for the reaction is b
de PR 2H,50, — CuS0, + 2H,0+= 50, |
a] Cu + 21—125{]4 — CuB, +2H,00 + 50,

|

2 [98] = 196 & 160 g,

6ig [62+32+4x16=160g) " | ; TTmelwil - [melwil
B4 g of Cu yields 160 g of Cusc, b g g
1.28 g of Cu will yield 160 x 128 | Twi] [t

Wt. of CuS0), formed i g of CuSO, - Ans.
bl Cu +2H,50, — Cus0, + 2H,0+ 50, .
6dg 22 +1x32 + 4x16]
2[98] =195
196 g of Hy50), are required to react with 64 g of Cu

Hence 7 g of H,50, are required toreact with 1.28 ¢ of Cu

r=128x1% =392 ¢
&4

The weight of acid required = 3.92 g, of H,50, - Ans.

S il wih o Soan v



o I
fivh G021 aoms of carhon

Masws 1
=—— % A02% 10
3
W of carhon =12y
o weipht of catbon ie leas, IED

J ] 3 s ; ;

48. Caleulate the mass of caleium thar will cantain
the same number of atams as present in 3.2 g of
sulphur. (Atomic masses 1 5= 32, Ca= 40} 2015

tol, Mumber of arams in 3.2 g ul—'-|1||1|11|r
32
Ny = 33

M2 107 = 6.02x 10

=Numbher of atoms in Ca
Molecular mass al’ Ca = 40

Let the mass of calcinm = x
602% 107 = % o2 102
40

x=dg 1zl
48. 0, i evolved by heating KCIO, using Mn()y
as & catalvs
S My .
KOOy ———  ZKCI+ 30,
(i) Caleulate the mass of KCIOy required to
produce .72 L. uuFlI:J2 at ST [Atomic masses
of K=39,Cl=35.5 0= 16

{ii] Caleulate the number of meles of uxypen

present in the above velume and also the

number of molecules.
fiii) Calculate the volume occupied by 0.01 mole ol
€O, acSTPR [2878)

ol 2KCIO,
T LR LR B [
Ix122h= 245.0

il 67.21.of (3 produced hy KCIO, = 245 gaf
- ECIO,
. I 245
1L n’r01 pth‘iLl{rCIi .'."_':-"Kf_.[f_"_!I =EEE
245% 8,72
572 L of O, preduced hr KCIO, .—%

=245

Mn J F
ininc PR ) IR [ 8

I oWt 355 Zax 22

2% MO MRy —6R2

(i} 245 g ol KCIO; contain =3 mole ol oxygen
3x24.5 ’
243 of IO, contain = Ti
= 0 3mal of cxpgpen
Siece, 1 mol= of cxygen contaln = 6,022 % Lo*
molecule

~ 0.3 male nboxygen cantain = 6.022 2 104 g 5
= LA 10" melecyle gy

tiii) Sinee. Danade ol GO0 wecapiad = 2241,
1A= 00 = 02241,
LN

ot pmnle wf 03X }, nrr_|||;.ir~.«: 7

. ’ 24
50. A gas cylinder conting 12 10 molecules of

- ' . 13
OxyEEn EAS. IFf Avogadro’s number is 6 21077,

Calculate
(i} the mass of oxygen presont ir the cylinder.

{ii) the vulume of exygen at STF present in the
eylinder.(0 =16) i2nig
- 19 5 102
sl Number of molecules of oxygen gas=12%10

2
Avogadra's rumber = G310
Mass of peyacn present

{EJ [_Mull‘.‘c ular mass of D: gas =32 g]

Number of molecules of O gas

Avogadre’s number

&
12 =10 =32
Gx i 1
Given weighe N &4 -
Molecular weight 32

Mass of oxygen =

(3 Muwober of mols=

vlume occupied by 1 mole=22.4 L
Valume occupied by 20 moles = 4481 i

51. How many molecules are present in the
fusllowing?

(i) 2.2gofCO,

(i) 2 g of cxpoen

sal. (i) 44 gul@'l:l‘('_:lj containg & ¥ 10°° molecnles ac STE

(i) 16 g DfSDE

21patCO, =g 11
=3 % 10™ molecules. fr
{if) 64 p of $0, contains 6 x10™ malecules at STP

1 [:.23

(i34 73
6 gaf 5O, =22 w16= 1.5% 10% molecules.
B T a1

(iif} 32 gof O, containg & x 10" malecules ac STI
7
Sx 107 ?” 2= 373% 107 mﬂ]r:cu]r.‘?.ﬂ

Zguf{Jj=

52. A cylinder contains G8 g ofammonia gas at ST
(i) Whac is che volume occupied by this gas?
(it Flow many males of armmenia arc present in
the cylindec? '
(i) How wany molecules of ammonia 1rc present
in the eplinder? (N-14, H-1) oord]

S il wih o Soan v



! {iy Moleoular mas of N, gas =14 4 3=17

IE17 pof WNH, containt 2241 a0 STP

) 4
Then, 68 g ol WM, comaing - — fufi = RO A0 |
) .I .r”
Maw in pram M
[} Mumbey of 11'-_'||.'-l v =
Caram malecular man 17

fmel (1)
Wil Here, we “I"i"‘ the z-"u.'u'-!':.mh'-'i!{ Jawe,

13
Unie moole of WH, conrsine = 60223 = 10°

molecules
. . 3 i1
"4 moles nf ?\Hl contains = §» (022 % 10
= 24088 % 107" mnlecules i

(a) The peroentage c omposition of 4 gas is
hitrogen — 82.35%, hydrogen — 17.64%,
Find the empirical formula of the gas.
IN=14,H=1] 2
(b} Aluminum carbide reacts with water according
1o the ollowing equation,
AlyC3+ 12H,0 — 4AIOH), + ICH,
(i) What mass of aluminum hydroxide is
formed fram 12 g of aluminum carbide?
(i) Whar volume of methane at STP is
obzined from 12 g of aluminum carbide?
(Relative molecular weighe of
AlLC, = 144, AKOH}), =78} ey
e (i} 17150 coof gas, A concaing X moleeyles,
how many molecules of gas B will be
present in 75 cc of B The gases 4 and B
are under the same temperanuee and presure.
(i) Name the law on which the ahove prablem
is based ? f2f
Sol {2} Calculation of empirical formula

% by Atomic No, of Simplest

Blement mmass maxs  ploms atio

M 8115 14 8135 = % A 5_33 i
14 588

H 17.54 1 1?.6-1:]?_&1 1ﬁ=3
1 588

*» Empirical formula of the gas = NH,

(b} AlyC, +12H,0 — 4ALOLI), + 3CH,
1mal 12 el 4 il Jonal

tx 74

144 ¢ lag
144 gof Al C, produced =4 % 78g of ALOH),

%12 of

1x78
A gufﬂd{ﬂ3 praduced = 144
ANCH), =26y of AKOH],

il Al G, # 12H, 0 — 2AKOH), + 31

it} "'.Il,{l1 ;f: .y o |‘ H,
i g L4 Larsy

144 gof Al sowill peoduce =3 2240 Ciy

22.4 :‘4"3‘{]) 4
144 =g

. :
fe) (i} Ciiven, 150 em of gas .-'imn[.nru,t’m,.’]mj!?

12 P |,J|‘ ."".}; £ \ will F:lrn:jdl.ll.‘l:: —

lLet 950 m | of gas B eontains ¥ |i'||:|-||_-|;_|,|'|m_
Act rmiim; &8 .-"\'-'ﬂ:'-l'-|1"' & L,

fat comstan: T,

Ve n, and
T

where, V, anel ¥, are the volumes of BaS A gy
' 2 ry
r.r_'ipcﬂi"f'l}'a“d " and s, are the numbe; of gl

gas A and B, respectively .
: | mol =6023 #1107 molzcules

=N, molecules
N, wX ¥
75 N, wY
Thus, number of malecules of Bwill be b, half,
tl'.IE num!‘jﬂ uf mﬂ[tl:ll les at A.

(i) The law on which the above problem i by
known as Amg.a_drﬂ"s law which scares tigr “and
the same conditions of temperaruse and qomy
r_'qual volumes of all £ases cantain 'L‘lII_:':.E fnbe,
meleculss, irrespective of the natere of the e

54. Erhane burns in oxygen to form CO, and Hy
according to the equation,
20, Hy + 70y — 4CO, + 6H.¢

If 1250 cc of oxygen is burnr with 300 cc of

ethanc.
Calculare

(i) the volurms of GO formed.

(ii) the volume of unused 0,.

Eal. WH, + 0, —» 4C0, +6H, 0
I mal 7 mnl 4ol N

I 12400 7 32200 4% 22400

tmt tm? eml

Ix 22400 e of 2 H, reaces wich

7 % 22400 crn o O
7 ®22400

Slem? of C,1 1, will reacts wich
23 272400

=3.5cm? of (1,
' A
SI00em uf CoH will rece with

3.5 300= 1030 ¢y ? of 0,

S il wih o Soan v



J = -9 -
tlence, O H i the lin
CACORE,

R xlz-ﬂ]ﬁcm" ol O H

NG rerpent and O3, s in

L Wil prodice
1 4 22900 em " wl'CO
Thuas, 300 ¢ nt-{'fs]-]h will praduce CO1,
_ 422400 )
T2k 27400
{iil Volame of unised 0 = (1250- 1050 e

A0 = GO0 arn

= 20 1'111:I

5. The vapour density of a gas is 8, Whae would be
the volume occopied by 24,0 g ofthe gras 2t ST

S, Wapour density of gae = §
Malecularweight of pas = 2 % vapour density (VD)
=2xE=16g ”
Vilume of 16 g of pas= 22 41
212 4

Wohme of 24 g of gay ==
16

- 24=356L
1]

(i) Caleulare the number of males and the
number of molecules prescnt in 1.4 g of
erthylene mas, Whar is the volume occupied by
the same amount of ethylens?

(ii) What is the vapour density of cihylene?
{Avogadio’s number= 6x 10™; awomic
weight of C=12, H=1; molar volume=
224 Lar ST,

(i} Molecular weight of echylene (CH, = CH.)

—1242+12 +2=24g
Giiven weight
Molecular weight

56,

Sl

Number of males =

= :-l‘E = 0,05 mol
28

Mumber of molecules in [ mole= G 104
.. MNumber of molecules in 0,09 mole
= 6 107 % 0.05 = 0.3 107
= 3% 10% molecules
Volume pecupied by 1 mole =22.4L
Volume accupisd by 0.03 maole=22,4 =005
=112 L ra/m
{if) Vapour densiry can be calcnlaed using che following
formula, .
Molecular weight 28

‘-'rapl.hul'd:n_l:i[}'[m] STy =5 liw

Sol.

57, Tiinl the tatal prICEntge af magnesinm in
magnesium niteate cryseaks, Me(MNO )5 - 61,0,
(Mp= 24, M = 14, 0= 16l H=1]
olecular mass of Mgl ), -6 0
=244 L&+ 48> G 18= 256G
Percentupe of .M:Q=_JI—-_.1 = 100 = 9.579%h
odan i
If the empirical formula of 2 compound is CH
and it has a vapaur densiry of 13, find the
molecular formula of the compound.
Empirical formulaofa compound = CH
Empirical formula mas =12 +1=13p
Melscular formula mass =2 x Yapour density
=3x13=1bg
165
=—=1
13
boleenlar formula = (Empirical formmla)
Molecular farmula = (CH), = C,H-

58,

{zntaE

Kol

T

2]

59, A sascous hydrocarben contain 82.76% of
carbon, Given that irs vapour density is 29, find
irs molecular formula, (C=12, H=1)

8ol
Element % Composition Ahtdu::.:c ::;;l; Siﬂé:l
c B176 12 ET*‘" &80 D i}
il 17 A.AD
H 100 - K176 TR R T T
=1724 1 T 6
Einpirical formula of the compound = CI,
Emnpirical Farmula weight =12 + 2 ®1= 4
Vapour density =29 (given)
Malecular weishe = 2 % vapour density
=2 w2 =5k
Molecular weiglt
=
Empirical formula weight
58
et
14
13

Molecular formula={CH, }, =C_H,

An organic compound with vapour density 94
contains C =12. 679, H = 2.13 %, and

Br =85.11%, Find the molecular formula.
(Atomic mass of C=12 , H=1and Br =80)

60,

S il wih o Soan v



M. Caleulation ol ernpirdcal farmula

Element % Compasitinn Atnmic meass Stmplest patie

{2 12 67 12 I_F!_.TJ'F
12
r S
n 2113 1 213,
[
e BRI ED BS.ET_ |

Al

Empirical formula of compound = CH,Br

Empirical formula weighe =12 42 %1+ 30=24

Vapour densite =94 (given)

Molecular mass =2 % Vapour densicy =2 % 04=188
Melecular weight 148

— Th
=

= _——
Empirical formula weighe 94
Malecular formula={CH,Br); = C,H Br, et
6L. @ A compound has the fallowing percentage
composition by mass, carbon 14.4%, hydropen
1.285 and chlorine 84.5%. Determine che
empirical farmula of this compound.
(H=1C=12zand Cl =35.5
(ii) "Ihe relarive molecular mass of this compound is
168, 50, what is its relarive malecular formula?
(i} Iz can be solved using the same concepr as discussed
in the previous probles.

Sirl,

Element = BY  Atumic Number Simp_]wl
111a8% masg  af ploms rabin
o 1.3
H L2 Te Iz o I
e e
C 1.4 11z 1.2 ]-E =1
o 845 355y 238 I8 45..
L2

.~ Enpirical formula of compound = CHC,
Empirical farmuly weight= 12+ 1+ 2{35.5) = 4.0
Muolecular weighe =168

_ Molecular weight

T Empirical formula weight
:E =2
B4
Molecular formula = (Empirical formula),

= {CHCL, ),
= C,H,d, fr]

G2,

s,

G63.

S,

fii) Frormula mass af both molecular farmula Hn:.:l
relative melesular formula i same hence both will he
aimilar da. G800, ol
i) Caleulate the number of gram atom in 4.6¢ of
soelium (Ma = 23],
fist Caleulate the pereentage uF'w:at-:.:r uf
" eryszallisarion in CusO), -5H; 0
(=10 =16,5=32,Cu = 64).
fiii) A compr:und of X and ¥ hi_l-\ Li[lt: Empiric)
formula X¥, . Its vapour density is equal to jpg
empirical formula weight.  Determing g
molzcular formula. ra017)
(i) 1 gasom of sodium =22 of sodium m
o A Ggatom of sodium =23 ¥ 4.6 =1058pofa
(i) Percentage of an clementin e compruRd
Toral weight of the element in one molzcule -
= Gram molecular weight of che compaund h

Molecular mass of CeSO), -5H,0
=64 32 +{d = 18]+ 32 ®1+16)

=G4+ 37 64 =90 +=250
+ Percent ol water of erystallisation

%18 %100 =0.2% af H,0

250 il
2 = Vapour density (VT

]"fmpirin:a] formuls weiglh

r=2 [vapour density = empirical farnul weighe)
Empirical formula = A

bdalecular fonmula = # % Empirical farmula

2 Moleoular farmula =2 % Empirical formulz
=2 x XV, = X.¥, {1

(iii) m=

The equation,
NIy = 50, — ANO+0H, 0

represents the catalytic oxidution of ammonia. If
100 cin” of ammaniz is used, calculare the
volume of oxygen required to oxidise the
ammeonia complerely.
{c) The given equarion is

4NH, + 50, —3 4NO+6H,0

Avalume 5 valume /

4 volumes of NH, is completely oxidised by 5 volumes
of Q,, | volume of MH; is complerely oxidised by

5/4 volumes of O,

" 100 em ? valume of NH; is completely exidised Ly

= % 1titem? of 0, =123 cm .
2f

S il wih o Soan v



QUESTIONS FROM TEXT BOOK

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



N Jof 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.

2H,+ 0y — 2H,0



ZHo+ Oy - 2H50
2V 1V 2V

From the equation, 2V of hydrogen reacts with
1V of oxygen

so 200cm? of Hydrogen reacts with = 200/2=
100 cm?

Hence, the unreacted oxygenis 150 — 100 =
50cm? of oxygen.

Solution 5.

CH4+ 205, 5 CO5 +2H50
1vVa2viv
From equation,1V of CH4 reacts with=2V of O,

50, 80 cm? CH4 reacts with = 80 4 2 = 160cm> 05
Remaining O3 is 200-160 = 40cm?

From equation, 1V of methane gives 1V of CO5
So, 80 cm? gives 80cm® CO5 and H,0 is negligible.



~ ~ joné.

2CoH2 + 5045 5, 4C0O5 + 2H,0(N

2V5Vv4yv

From equation, 2V of CoH 5 requires = 5Vof O,

So, for 400ml C,H5, O, required = 400 , 5/2 =1000 mi
Similarly, 2V of CoH5 gives = 4V of CO»

S0, 400ml of CoH 5 gives CO, =400 . 4/2 = 800ml

Solution 7.

Balanced chemical equation:
stm + Cl:m -:z-ICIm + Sm
imole 1mole 2moles imd

112cm®  120cm?®

(DAt STP, 1 mole gas occupies 22.4 L.
As 1 mole H;S gas produces 2 moles HCI gas,

224 L H,S gas produces 22.4 x 2 = 448 L HCl gas.

Hence, 112 cm® H3S gas will produce 112 x 2 = 224 ecm® HC gas.
(ii) 1 mole H,S gas consumes 1 mole Cl; gas.
This means 22.4 L H,S gas consumes 22,4 L Cl; gas at STP.

Hence, 112 cm? H,S gas consumes 112 cm? Cl, gas.
120 cm? - 112 cm® = 8 cm? Cl; gas remains unreacted.

Thus, the composition of the resulting mixture is 224 cm2HC| gas + 8 cm? Cl» gas.

Solution 8.



A |#70; 5 4CO, +6H,0
T 2V7Vay
Now from equation, 2V of ethane reacts with = 7V of oxygen
So, 600cc of ethane reacts with= 600 , 7/2 = 2100cc
Hence, unused O3 is = 2500 - 2100 = 400 cc
From 2V of ethane = 4V of CO; is produced
So, 600cc of ethane will produce = 4 , 600/2 =1200cc CO5

Solution 9.

C2H4 + 302 Y 2(:02 + 2H20

1v 3V
11litre 33 litre
Py R
T T
v, = P . 380x33 X273 -8.25litres
BT, 549x760
Solution 10.
CH4+ 2Cl,  CH5Cl5 +2HCI
1vVv2VvVivay

From equation, 1V of CH4 gives = 2 V HCI
50, 40 ml of methane gives = 80 ml HCI
For 1V of methane = 2V of Cl- reauired






