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Determining the formula of a compound
Chemical Formula
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Molecular Formula = L x Emperical Formula
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Example:

Which of the following is not an empirical formula?
a) CH b) CH,O c) AlCl, d) H,0,
e) N,Os




Solution:
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Molecular Formula = H,0,

But the empirical Formula = HO.
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Example:

Determine the empirical and molecular formulas for a
compound that gives the following analysis "in mass
percent".
71.65% Cl 24.27%C 4.07%H
The molar mass is known to be 98.96 g/mol.

Ay ghall ol sl 138 any S pal Ay Gadly Aol dipeall aaa
bl
71.65% Cl 24.27%C 4.07%H
g/mol 98.96 (5 st S all )l AKSH o Lle



Solution:
A el ol s @lldy g S el 138 00 100 g Ll aa gy a3l ia i
aks = 3_)1._|G _}.aLu.u
=>m,=7165g m.=2427g
m, =4.07 g

ng =B 7165 _ 5 021 mol
M, 3545
n. = 24.27 =2.021 mol
12

n, = ilp-z = 4.04 mol
Cl C H Y e 20 sl o pui (¥

2.021 2.021] 4.07 ‘

2.021  2.021 2.021
= (I C, H, = Empirical Formula
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_ 98.96 _
1x3545+1x12+2x1
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Molecular Formula = L. x Empirical Formula
=2 x (CI|C|H2)
= Cl,C;H,

Example:

A chlorine oxide is 59.7% by mass Cl. What is the empirical
formula of the oxide?
a) C1205 b) Cle C) ClOz d) C]203 e) Clez

Solution:
S all 13a e 100g Ll 2 g9 43 i i
— mass of C1=59.7 g

—>mass of O =100 — 59.7 = 40.39

ng =1 =227 _ 684mol
Mw  35.45

n, =" _-403 ;518
Mw 16

Cl 684 Og._S_l!

1.684 1.684
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Example

A compound has an empirical formula of C,H;N, and a
molecular weight of 123 amu. What is the molecular

formula of the compound?

a) C4HeN; b) CsH 2N,
d) C3H3N3 e) C5H9N3
Solution:

Molarmass

- Empirical Formula mass

_ 123 _123
(2x12+3x1+14) 41

‘Molecular Formula = 3 x(Empirical Formula)

C)C2H3N



= (C2H3N)
= C6 H9 N3

Example
A compound containing only nitrogen and oxygen is
63.64% N by mass the empirical formula of the compound
is

a) N205 b) N203 C) NO d) N02 e) N;O
Solution:
Mass percent of O + mass percent of N = 100%
X + 63.64% = 100%
* mass percent of O = 100% - 63.64%
=36.36%

Sl 138 (e 100 g Ll an gy adf (i
Mass of O =36.36 g.
m _ 36.36

ng) = = =2.273 mol
Mw 16
Ny, =2 =939 _ 4 546 mol
Mw 14
N 0
G 4.546 2.273
Aol gle ol o0 2.273



Example:

When 0.860 g of an organic compound containing C, H and
O was bumed completely in oxygen, 1.64 g of CO, and 1.01
g of HyO were produced. If the molecular mass of the
compound is 138 amu., determine the molecular formula (C:
12 amu, H: 1.00 aum, O:16amu)

a) CsH,40, b) C;HO c) C4H 20,
d) CsH,;50; e) C.H;0,
Solution
m 1.64

Neo, = = =0.0373 mol
P Mw  (12+16x2)

Moles of C = moles of CO,

=1.0373 mol

m 1.0l
n,,=—-=——=0.056mol
HO0 " Mw 18 mo

Moles of H = 2 x moles of H,0O

=2 x 0.056
=0.112 mol



m_ =nxMw

=0.0373 x 12=0.448g
mp=nxMw=0.112x1=0.112¢
mass of the compound = m_ + my + m,

0.86 =0.448 +0.112 + m,

m,=03g
n, = m _03_ 0.0188mol
Mw 16

00373 0112 00188
0.0188 00188 00188

C, Hg O = Empirical formula

Mw of molecular _ 138 _
Mw of Emperical (2x12+6x1+1x16)

Molecular formula = (C;Hg0);.
= CeHi50;



