- U NATIONAL MOLE DAY

Atomic Masses, the Mole
and
Percent Composition



Guess the number of M&Ms in this jar?
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Knowing the average mass of an M & M (so we can assume they
all have this weight); the weight of the jar and its contents
would allow you to come pretty close to the correct number of

Md&Ms in the jar instead of counting all of this candy.



Chemists need to know how many atoms are
taking part in the reactions they perform but
atoms cannot be weighed as M&Ms can but the

average mass of atoms still is required.

il which is assigned a mass of 12 atomic

mass units (amu). ‘

An exact
number

Mass spectrometer



Relative Atomic Mass

Mass spectrometer provides ratio of masses.

Example

Mass 13C = 1.0836129 No units
Mass 12C

Mass 13C = 1.0836129 x 12 amu = 13.003355 amu



Average Atomic Mass of an Atom
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(75.77% x 34.969 amu) + (24.23% x 36.966 amu) = 35.453 amu
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These values do not appear in Periodic Table
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Periodic Table Information for Chlorine
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Atomic mass obtained by taking average atomic masses of

natural occurring isotopes of that element.
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Natural Mass “Average”
Name Symbol percent abundance (amu) atomic mass
Hydrogen 1H 99.985 1.0078
H 0.015 2.0141 1.0079
SH negligible 3.0160
- 3
Helium > He 0.0001 3.0160 4.0026
aHe 99,9999 4.0026
—TCarbon 2C 98.89 12.000 o -
T "G i ] 13.003 AR
Nitrogen 9N 99.63 14.003 14.007
=N 0.37 15.000
Oxygen 120 99.759 15.995
20 0.037 16.995 15.999
20 0.204 17.999
Sulfur 528 95.002 31.972
s 0.76 32.971 32 06
s 4.22 33.967
RS 0.014 35.967
Chlorine S | 75.77 34.969 35 453
LGl 24.23 36.966
Zinc S Zn 48.89 63.929
e Zn 27.81 65.926
e zn 4.11 66.927 65.38
Se 2N 18.57 67.925
aZn 0.62 69.925




Chemists use a counting unit called the mole that allows
them to count particles (atoms, molecules, ions, etc.)

that take part in millions of chemical reactions.

One dozen eggs = 12 eqggs

One mole = amount of a substance that contains
6.022 x 1023 particles or units 9



Wow! This is a

really big number!

6.022 x 1023

Ae Varo Avogadro’s number (N,)

602200000000000000000000

Avogadro’s number Iin seconds Is approximately

19 quadrillion years!
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12.01 g of C contains 6.022 x 1023 atoms of C
1 mole of carbon has a mass of 12.01g

16.00 g O contains 6.022 x 1023 atoms of O
1 mole of oxygen has a mass of 16.00g

1.008 g H contains 6.022 x 10?3 atoms of H
1 mole of hydrogen has a mass of 1.008 g

Note: Different masses of atoms BUT
SAME number of atoms

6 201 > Average atomic mass of carbon

C

Mass of 1 mole of carbon
CARBON




Molar Mass

A substance's molar mass is the mass of one mole of the

substance expressed in grams.

An atom’'s molar mass is equal to the average atomic
mass of the atom which can be found in the periodic

table. This value is expressed in grams per mole
(g/mol).

C =12.01 g/mol
O =16.00 g/mol

H =1.008 g/mol




What is the molar mass of a molecule?

Sum of average atomic masses of all atoms in the molecular

formula of a compound expressed in grams per mole (g/mol).

The molecular formula of a covalent compound states the

number and type of each atom present.

Example: Determination of the molar mass of ammonia

Molecular formula of ammonia: NH,

Average atomic mass of each atom in the molecular formula:

Atom Atomic mass
N 14.01
3H 1.008 x 3

Molar mass of ammonia = 14.01 + (3 x 1.008) = 17.03 g/mol



Conversions Between Moles, Masses and Number of Particles

Example: How many molecules of glucose, C(H,,0¢,are in 15 g

of glucose and how many moles does this mass represent?

Solution
Have: mass of glucose Want: (i) molecules of glucose

(if) moles of glucose
Molar mass of C(H,,O : (6 x 12.01) + (6 x 16.00) + (12 x 1.008)

6molC +6molO +12molH
= 180.16 g/mol

Unit equivalents: 1 mol C;H,,0, = 6.022 x 102 molecules

180.16 g C(H,,O, =1 mol C.H,,0
6.022 x 1023 molecules C(H,,0,= 180.16 g C;H,,0



Using dimensional analysis to solve this problem:

(i) 15-g-CH95 X 6.022 x 1023 molecules = 5.0 x 1022 molecules
180.16 €9 of glucose

6.022 x 1023 molecules C(H,,0,= 180.16 g C;H,,0

(i) 15 s759% X _1. mol C,H,,0, =0.083 mol C,H,,0,
180.16-g-€ ;9

180.16 g C(H,,O, =1 mol C.H,,0



Percent Composition
The percent composition of a component in a compound is the
percent of the total mass of the compound that is due to that

component.
Calculating Percent Composition

1. Calculate the molar mass of the compound.

2. Calculate the mass of the required component in the
compound.

3. Divide the mass of this component by the total molar
mass of the compound and multiply by 100.

Mlasz due to specific component
Total molar mass of compound

Percent Composition = %100



Percent composition
% (by mass) of each element

molar mass = 180.16 g/mol

Y
> glucose

6 molC =(6x12.01 g/mol) =0.4000 =40.00% C
mol C¢H,,04 (1 x 180.16 g/mol)

12molH = (12 x 1.008 g/mol) =0.06714 =6.714% H
mol C4H ;1,04 (1 x 180.16 g/mol)

6 molO =(6x16.00 g/mol) =0.5329 =53.29% O
mol C¢H,,04 (1 x 180.16 g/mol)




Types of Formulae

« Empirical Formula: expresses the smallest

whole number ratio of the atoms present.

 Molecular Formula: states the actuval/ number

of each kind of atom found in one molecule of

the compound.



Example of Empirical Formula Calculation

A sample of a brown gas, a major air pollutant, is found to
contain 2.34 g N and 5.34 g O.

Determine an empirical formula for this substance.

Solution:

moles of N = 2.34g of N = 0.167 moles of N
14.01.4/mol — molar mass of N N g.167(D0.334

moles of O = 5.34g0f O =0.334 moles of O
16.00 g/mol —

molar mass of O

NMOOSM = NO,

0.167  0.167

Divide by smallest humber

of moles:



To Determine Empirical Formula

. Determine the mass in grams of each element present,

if necessary.

. Calculate the number of mol/es of each element.

. Divide each by the smallest number of moles to obtain

the simplest whole number ratio.

. If whole numbers are not obtained in step 3, multiply
through by the smallest number that will give all whole

numbers.



Calculation of Molecular Formula

Example:

A compound has an empirical formula of NO,. This colorless

liquid has a molar mass of 92.0 g/mol. What is the mo/ecular

formula of this substance?

Solution:
Empirical formula mass of NO, = 14.01 + 2(16.00) = 46.01 g/mol

Divide molar mass by empirical formula mass: 92.0 g/mol =2.00
46.01 g/mol

The molar mass is 2 times the empirical formula mass

therefore the molecular formula is 2 x NO, = N,O,



A substance can have more than one empirical formula!

C;H 403

C6H 806

CoH;, 0y

Empirical formula mass: 88.06 g/mol

Empirical formula mass : 176.13 g/mol

Empirical formula mass : 264.19 g/mol

The molecule’s molar mass is required to determine its

molecular formula.



Empirical Formula from % Composition

Example:
A substance has the following percent composition by mass:

6080 o/o Na , 2860 o/o B , 1060 o/o H

What is the empirical formula of the substance ?

Solution:

Assume a sample size of 100 grams

This sample will contain 60.80 g of Na, 28.60 grams of B and
10.60 grams H.



Empirical Formula from 7% Composition (cont'd)

Calculate number of moles of each atom:

Na B H

Numder of  60.804 28.60 g 10.60 g
Molar mass —> 22.99 g/mol  10.81g/mol 1008 g/mol
=2.645mol =2.646mol  -1052 mol

Divide by 2645 =-1000 2.646=1000 10.52=3.977
smallest 2 645 2 645 2.645
number

of moles

Answer: Empirical Formula is NaBH,



