Module 9: The Mole
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CH,COOH + NaOH
=3

CH;COONa +H,0
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Lesson Measuring
(1) Matter

Part 1 Counting Particles
Part 2 The Mole
Part 3 Representative Particles

Converting between Moles and

Part 4 .
Particles
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Part 1

%
S e )

Counting Particles

+» In everyday life, we use counting units to make counting easier.

+» Each counting unit always represents a fixed number.

\NasSW "

Counting Unit Number Example/s
Pair 2
Pair = 2
Dozen 12 ANNANN
| EGGS |
Dozen =12
g\} PENCILS
Gross 144 st/ Grgss
144
(12 Dozens |
e ¢ \
: " Ream
Ream 500 =
v 500
= (Soosheslsnmwj
== 006 A

e R TR
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Why do chemists
need a special
counting unit?

. J

-

Chemists deal
with: atoms,
molecules,
formula units, or
ions

J

Ve

These particles are
Extremely tiny and
exist in huge
numbers.

.

~

J

To solve this problem, chemists invented a special counting unit called the mole.

Part 2

N, R AN
3, AN RN R,

The Mole

¢ The mole (mol) is the Sl base unit used to measure the amount of a substance.

L

** Historically, A mole.was defined using the number of carbon atoms in exactly 12
g of carbon-12 (C-12).

+* One mole contains a very large number of particles:

)

12.00,

K

12gC-12=1mol C-12

=6.02 x 102 C-12 atoms

1 mol = 6.02 x 1043 representative particles
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*» The-number 6.02 x 1023 is called Avogadro's number, named after the Italian

scientist Amedeo Avogadro.

+* In 1811, Avogadro proposed that equal volumes of gases at the same

temperature and pressure contain the same number of particles.

[ 1LofH | [ 1LofOs |
Same temperature
6) % @ and @ %
% @ same pressure % % @
P
=y 2y
Equal volumes of gases at the same temperature and pressure
contain the same number of particles.

¢ Avogadro's number is extremelylarge.

¢ For example, 6.02 x 10>* marbles would cover Earth's surface to a depth of

more than 14 km.

+* The mole provides a convenient way to measure amounts of substances.

1 mol = 6.02 x 1023 representative'particles
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Practice — Rank from Smallest to Largest

In Column B, rank the quantities from Column A from smallest to largest.

Column A Column B
0.5 mol 1.
200 2.

5 3

6,000,000,000 4.
6.02 x 10%3 5.
dozen (o
four moles 7.
gross 8.
pair 9.
ream 10.
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Part 3 Representative Particles

[ Re———— -

¢ A representative particle is the type of particle used to represent and count a

substance.
Types of Representative Particles
Atoms Molecules Formula Units lons
Atomic elements | Molecular substances lonic compounds Charged

Single atoms Usually (NM+NM) Usually (M+NM) particles

Molecule Formula unit

1 mol of sodium 1 mol of
1 mol of copper 1 mol of water
chloride formula units | sodium ions
atoms (Cu) molecules (H,0)
(NaCl) {Na*)

Each sample contains 6.02 x 1023 representative particles
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Practice — Identify the Representative Particle

Atoms Molecules Formula Units lons

No. Substance Representative Particle Type
1 Calcium fluoride (CaF3)

2 Nitrogen gas (N)

3 Gold (Au)

4 Nitrate ion (NO3")

5 Methane (CHa)

6 Aluminum (Al)

7 Potassium bromide (KBr)

8 Calcium ion (Ca?*)

9 Ammonia (NHs)

10 Potassium oxide (K,0)
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Converting between Moles and

Part 4 )
Particles

AN R R R R N N

Before converting moles € particles, remember-how a conversion factor works.

Example: Dozen —) Number of Objects

Relationship:

1 dozen roses = 12 roses

From this relationship, we can make two
conversion factors:

12 roses 1 dozen roses

or -
1 dozen roses 12 roses . aWes""

Example
How many roses are in 3.5 dozen roses?

Choose the conversion factor that cancels the given unit and leaves the desired
unit.
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Practice —Conversion Factors

1. A school purchases 4 reams of paper. Create a conversion factor and determine

the total number of papers.

2. A store has 864 pencils. How many grosses of pencils are there?
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Moles and Particles: Conversion Factors
[ 1 mol = 6.02 x 10?3 particles ]

(Avogadro’s number)

Moles - Particles
Multiply by Avogadro’s number

Particles > Moles

Divide by Avogadro’s number

6.02 x 10?3 particles 1 mol |
1 mol 6.02 x 10?3 particles |
Example: Example:
Convert 3.50 mol of CO, to particles. Convert 4.82 x 10?? atoms of Al to moles.
|
e, — - — /
[ Choose the conversion factor that cancels the given unit. ]

\ u"\ |

Practice Question:

Sucrose (C12H22011) is a molecular substance. A sample contains 2.50 mol of
sucrose.

a) What is the representative particle of
sucrose? || e

b) Which conversion factor should be
used to convert moles of sucrose to
representative particles?

. Y\
q d
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EXAMPLE Problem 1

PARTICLES-TO-MOLES CONVERSION Zinc (Zn) is used as a corrosion-resistant coating on iron and steel. It is also an
024

essential trace element in your diet. Calculate the number of moles of zinc that contain 4.50 X 1 atoms.

!\
PRACTICE Problems

ADDITIONAL PRACTICE

1. Zinc (Zn) is used to form a corrosion-inhibiting surface on galvanized steel. Determine the number of Zn atoms in 2.50 mol
of Zn.

WaSWN©

2. Calculate the number of molecules in 11.5 mol of water (H, O).
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3. Silver nitrate (AgNO3) is used to make several different silver halides used in photographic films. How many formula units

of AgNO; are there in 3.25 mol of AgNO;?

4. CHALLENGE Calculate the number of oxygen atoms in 5.00 mol of oxygen molecules. Oxygen is a diatomic molecule, O,.

5. How many moles contain each of the following?
a.5.75 x 10** atoms Al

b. 2.50 x 10% atoms Fe
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6. CHALLENGE Identify the representative particle for each formula, and convert the given humber of representative particles
to moles.

a.3.75 x 10** CO,

b. 3.58 x 102 ZnCl,

Summary

Some'systems cannot be studied directly because they are too small, too large,

too fast, or too slow.
. The mole (mol) is a unit used to count particles of matter indirectly.

. 1 mol of a substance contains Avogadro’s number of representative particles:

1 mol = 6.02 x 1023 representative particles

. Representative particles include atoms, molecules, formula units, and ions.

. Conversion factors based on Avogadro’s number are used to convert between
moles and representative particles.

6.02x102%3 particles . 1=mol
Particles — Moles: T
1 mol 6.02X104> particles

Molés —<Particles:

« One mole of carbon-12 atoms has a mass of exactly 12 g




Grade 12 General Telegram: @CHEMISTRYIW

Chemistry (P1) Mr. Issa Waswas WhatsApp: 0569190994

‘X\ * CHEMlSTRY :

B cHEMISTRY B

“Mr. Issa Waswas

Telegram: 7\ WhatsApp: -
acHemisTRYW |\ §5) ) 0569190994 |




Grade 12 General
Chemistry (P1)

Mr. Issa Waswas

Telegram: @CHEMISTRYIW

WhatsApp: 0569190994

Quiz Lesson 1

Measuring Matter

1) Which of the following best defines a molecule?

A) A single charged atom

B) Two or more atoms covalently bonded together
C) The Sl base unit for amount of substance

D) The number of particles in one mole

2) Which of the following best defines a mole?

A) A unit used to measure the mass of a substance
B) The number of:atoms in one gram of a substance
C) A'unitiused to measure the volume of a substance

D) The Sl base unit used to measure the amount of a substance

3) Which statement about Avogadro’s number is correct?

A) It is 6.02 x 1022 and represents the particles.in 1 mol
B) It is 6.02 x 10%® and represents the particles in 1 mol

C) Itis 6.02 x 10?3 and represents the particlesin1g

D) It is 6.02 x 10%* and represents the particles in 1 mol

4) Which of the following relationships is INCORRECT?

A) 1 pair=l2 items

B) 1 dozen =12 items
C) 1 gross = 144 items
D) 1 ream = 100 sheets
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5) Why did chemists need a special counting unit such as the mole?

A) Atoms and particles are too large to count

B) The number of particles in a substance is extremely large
C) Conventional counting units can only be used for solids
D) The mole is used to measure the volume of particles

6) Which of the following representative particles can be measured using moles?

A) Atoms, molecules, and formula units
B) Grams, molecules, and atoms

C) Liters, ions, and formula units

D) Moles, atoms, and grams

7) What is the main purpose of a conversion factor?

A) To change the amount of a substance

B) To determine the mass of every substance

C) To express a known quantity in different units

D) To increase the number of representative particles

8) Which conversion factor should be used to convert moles to particles?

1 mol
)

6.02%x1023 representative particles

6.02Xx102%3 representative particles

B)

1 mol

) 1 representative particle
6.02Xx102%3 mol

6.02x10%3 mol

1 representative particle
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9) Calculate the. mass in atomic mass units (amu) of 0.25 mol of carbon-12 atoms.

A) 3.01 x 10%%amu
B) 1.81 X 10%*amu
C) 3.00amu
D) 12.0amu

10) Calculate the number of representative particles in 11.5 mol of Ag.

A) 6.92 x 10%*molecules

B) 6.92 x 10%*formula units
C) 6.92 x 10%*atoms

D) 1.91 x 10%2atoms

11) Calculate the number of representative particles in 18.0 mol of H,O.

A) 1.08 x 10%>atoms

B) 2.99 x 10%?molecules

C) 1.08 x 10%°formula units
D) 1.08 x 10%°molecules

12) Calculate the number of representative particles in 0.150 mol of NaCl.

A) 9.03 x 10%?molecules

B) 9.03 x 10%%atoms

C) 4.01 x 10%*formula units
D) 9.03 X'10%2formula units
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13) Calculate the:number of representative particles in 1.35 x,10-?mol of CH,.

A) 8.13 x 102 formula units
B) 8.13 X 10%*molecules

C) 8.13 x 10%*atoms

D) 2.24 x 10%?molecules

14) Calculate the number of moles/of barium that contains 8.92 x 10%3atoms.

A) 0.676mol
B) 1.48mol
C) 5.37mol
D) 14.8mol

15) Calculate the number of moles of potassium iodide that contains
2.66 x 1022 formula units.

A) 0.0442mol
B) 0.226mol
C) 4.42mol
D) 22.6mol

16) Calculate the number of chlorine atoms in 3.50 mol of chlorine molecules.
Chlorine is a diatomic molecule, Cl,.

A) 2.11 x 10%*atoms
B) 4.22 X'10%*atoms
C) 1.05 x 10%*atoms
D) 6.02 X 10%3atoms
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In the table, write the conversion factor that correctly completes each problem.

Given

Conversion Factor

Result

1.20 mol Cu

7.22 X 1023 Cu atoms

9.25 X 10%2 molecules CH,

1.54 x 1071 mol CH,

1.54 X 102° atoms Xe

2.56 X 10% mol Xe

3.01 mol F,

1.81 x 10%* molecules F,

CERERPRTEN

Which of the following does NOT describe the mole?

Avogadro’s number of molecules of a compound

A unit used to count particles directly

The SI base unit used to measure the amount

of a substance

The number of atoms in exactly 12 g of pure C-12

) ST padlall Clan gl plai 8 £luY) 5as )

e 12 (3 Janally 3agagall (y90)S0 )3 22e

o I
Ssall Ccomy ¥ ‘?_‘\:ﬂ\wé\ ‘

GOl Aliggal iagl e O

5 pilie Cilagwall aad adiiud sas O |
3_\\.«]\ J\.\Lﬂ uwlf_lé é (-a.\;:l.uﬂ

B 12 - 05080 (e
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7What is the correct ascending order of the folldwing c;y;dl 335 o A Slisll prasmaal] Gasbadl] s Lo
samples according to the number of moles from the ¢S I Yl oo

smallest to the largest?

3.75 x 10 atoms Zn — 3.65 x10%** molecules C¢H;,0s — 18.8 mol Fe

Avogadro’s number - 6.02 x 102 6.02 x 103 —  gy0lzgdl dus

(The smallest) 3.65 x 102* molecules C¢H;,0s —> 18.8 mol Fe —— 3.75 x 10% atoms Zn (The largest)

(Y1) 3.75 x 10?5 atoms Zn <«——— 18.8 mol Fe «—— 3.65 x102* molecules C¢H;,06 ()

(The smallest) 18.8 mol Fe ——— 3.75 x 10%° atoms Zn ———— 3.65 x 10?* molecules C4H;,0¢ (The largest)

O
|

(The smallest) 3.75 x 10%° atoms Zn. —— 18.8 mol Fe —— 3.65 x 10** molecules C¢H;,0¢ (The largest) O

(Y1) 3.65 x10%* molecules CgH;;05 «—— 3.75 x 1025 atoms Zn «——— 18.8 mol Fe  (LawY)

(Y1) 3.65 x10% molecules CgH;,0 «—— 18.8 mol Fe +«——— 3.75 x 1025 atoms Zn (,&aY))

|
O

(The smallest) 18.8 mol Fe — 3.65 x102* molecules CgH;,06 —> 3.75 x 102° atoms Zn (The largest)

(Y1) 3.75 x 10?5 atoms Zn «—— 3.65 x10% molecules C¢H;;0g +—— 18.8 mol Fe  (,iaVl)
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What is the number of atoms in a 0.645 mol (e de (e 0.645 MOl 5 5352 sall il H3 2xe oS
sample of argon gas (Ar)? (AN s N e

Avogadro’s number = 6.02 x 10?3 6.02 x 1028 = 5ol il 2ac

9.33 x 10?3 atom 5,39.33 x 105 O

3.88 x 1023 atom 5,33.88 x 1023 #

1.07 x 10?3 atom 3,31.07 x 108 O

4.62 x 10?3 atom 5,04.62 x 105 O
How man;/ moles contained in 2.50 x 1624 mole;ules B s> é.SO x 107 8 552 sdl oy},dli.;m’ aS
of ammonia NH5? SNH; gl 5

Avogadro’s number = 6.02 x 10?3 6.02 x 108 = g,alasil aae

0.42 mol O

2.40 mol O

4.15 mol O

0.24 mol O
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How many formula units of AGNO; are there
in 0.75 mol of AgNO5?

(= 0.75 mol A 3353 5all AQNO3 dasall Clasg 22e oS

¢ ANO;

Avogadro’s number = 6.02 x 1023

6.02 x 108 = 4,0la g8l 22

What is the correct ascending order of the following

samples according to the number of moles from the
smallest to the largest?

4.5 x 10%

9.0 x 10%

4.5 » 167

9.0 x 10%

00| 0| G

Y sall J3e G A0 Siaell :u.\..al' Folall i il

‘.‘)_ASI‘J.I ‘fll . &le \)"

1.51 x 10%* atoms Zn 3.42 % 10% molecules CgH;,0¢ 7.2 mol Fe
(The smallest) 1.51 x 10** atoms Zn ———— 7.2molFe —— 3.42 x 10%° molecules G¢H;;04 (The largest) o
(The smallest) 3.42 x 10%° molecules CgH,,0; — 7.2molFe —— 1.51 x 10°* atoms Zn (The largest) o
(The smallest) 7.2 mol Fe » 1.51 x 10°* atoms Zn > 3.42 x 10%° molecules C4H,,0, (The largest) O

(The smallest) 7.2 mol Fe

»  3.42 x 10 molecules C¢H,,04

1.51 x 10%* atoms Zn (The largest) O
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How does a chemist count the number of particles in each number of Y sall (g0 220 IS 8 Slasuall 2o Gluay  SLasSl 58 oS

moles of a substance? foole (e

Using the dozen count which is 12 objects/ dozen

A/ aux 12 585 45l 3e dadiy, O

Using Avogadro’s number which is 6.02 x 10> representative particles Aliaal)l Clasuall (54 6.02 x 107 gl (sl gyalasil sae aladiuly O

Using the molar mass and molar ratio Y gall sy Al sl AN Glazisly . O
Using the number of carbon isotopes G S ylas sae aladsuly O
How many moles contained in 3.15 x 10?* molecules e 3.15 X 107 i 535nsall ¥ all a2 S
of methane CH,? fCHy Ol e
Avogadro’s number = 6.02 x 10 6.02 x 107 = 4 sl s
1.90 mol O
0.52 mol @)
19.0 mol O
5.20 mol ©)

What is the number of atoms in a 1.22 mol sample of helium S(He) pslied) S on 1.22 MOl e dise 539 5 LA 220 S

gas (He)?

Avogadro's number = 6.02 x 102 6.02 x 1023 = 5,0l gl s
7.34 % 10% O
9.38 x 107 O
1.07 % 107 O

2.03 x 104 O
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Module
9

The Mole

Lesson

(2)

Mass and The Mole
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The Mass of a Mole ’

W3S
1aSWe

1 dozen eggs | | V4 dozen limes Same or different?

12 eggs 12 limes Same or different?

Mass=752g Mass = 1606 g Same or different?
152 W il \\\\X)?w

| =~ Equal numbers of different objects can have ...................... masses.
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+¢* Reminder: A mole is like a dozen because it represents a fixed number:

1 mol = 6.02 X 1023 particles

+* However, one mole of different substances can have different masses because
their particles have different masses and ¢compositions.

Example: Carbon and Copper

29
Cu

Carbon Copper

12.011 63.546

1 mol C = 6.02'x 1023 Catoms = 12.011 g

1 mol Cu = 6.02 x 1023 Cu atoms = 63.546 g

One mole of carbon.does NOT

Because carbon'and copperatoms
have'the same mass as one mole ‘

Sf copper. Why? have different masses.
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Atomic mass

» One carbon-12 atom has a mass of exactly 12 amu.
» The atomic masses of other elements are measured relative to carbon-12.

» A hydrogen-1 atom has a mass of approximately 1 amu, or about one-twelfth
the mass of a carbon-12 atom, e

Why are atomic masses decimals?

Example: Carbon: 12.011 amu

120 130 140
98.9% 1.1% <0.0001%

¢ Because they are weighted averages of the masses of all the naturally occurring
isotopes of an element.

% Some elemeénts-have two naturally occurring isotopes, whilé.others-have many.

+* Carbon’s atomic mass is close to 12 because carbon-12 is its most abundant
isotope.
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Molar Mass
+* Molar rﬁass is the mass of one mole of a substance. Its'unit is:

g/mol

%* The molar mass of an element is numerically equal to its atomic mass, but the
units are different: W

Quantity Meaning Unit

Atomic mass Mass of one atom amu

Molar mass | Mass of one mole of atoms | g/mol

Example: Iron

26

€

Iron

25.845

Atomic mass of one Fe atom = 55.845 amu
Molar mass of Fe.=55.845 g/mol

This means:

1 mol Fe = 6.02 X 1023 Fe atoms = 55.845 g Fe
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, WasWe”

.\;\\-.'\.s%_'stiﬁlgj Molar Mass: The Jelly-Bean Analogy,;. =" .«

N\ gct \N |
\ W = \N

'y csa W asWwa®
- \J.D- NiT. “.
AN 1 dozen jelly beans =35 g
Example 1: What is the mass of 5 dozen jelly beans?
= MY yga\Jas' as
Example 2: How many dozen jelly beans are in 105 g?
W ag;lai» cias \:18‘5““"’&%
N\, JS NiY. h’




Grade 12 General Telegram: @CHEMISTRYIW

Chemistry (P1) Mr. Issa Waswas WhatsApp: 0569190994

@ -“5.‘”3.:, \\ig‘i‘:la >
g 1880 I . 1s5@ "
A \s e YWY = '\\"_“.\ -

R A=) 14 b

\J\.’l \

In a laboratory, substances are measured using a balance. Therefore, if the
required amount is given in moles, we must convert moles to grams.

AL Kot

Example: Calculate the mass of 3.(3\0 nﬁ:ﬁl\gi& copper (Molar mass of Cu = 63.546
L\
g/mol)

pr. 15°¢
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EXAMPLE Problem 2

MOLE-TO-MASS CONVERSION Chromium (Cu), a transition element, is a component of chrome plating. Chrome plating is
used on metals and in steel alloys to control corrosion. Calculate the mass in grams of 0.0450 mol Cr.

(Molar mass of Cr =52.00 g/mol)

PRACTICE Problems e

ADDITIONAL PRACTICE
15. Determine the mass in grams of each of the following.

a. 3.57 mol Al
b. 4.26 mol Si

|asW® (Molar mass of Al= 2698 g/mol)

( 0 (Mblar mass of Si = 28.09 g/mol)

16. CHALLENGE Convert each given quantity in scientific notation to mass in grams expressed in scientific notation.

a. 3.45 x 10> mol Co
b.2.45 % 1072 mol Zn

(Molar mass of Co = 58.933 g/mol)

(Molar mass of Zn = 65.38 g/mol)
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)|

EXAMPLE Problem 3

® ,
|

MASS-TO-MOLE CONVERSION Calcium (Ca), the fifth most-abundant element on Earth, is always found combined with
other elements because of its high reactivity. How many moles of calcium are in 525 g Ca?

(Molar mass of Ca = 40.08 g/mol)

PRACTICE Problems

ADDITIONAL PRACTICE
17. Determine the number of moles in each of the following.

a.255gAg

b. 300.0 g S
v (Molaf mass of Ag = 107.87 g/mol)

(Molar mass of S = 32.07 g/mol)

afy 165¢
M-

18. CHALLENGE Convert each mass to moles. Express the answer in scientific notation.

a. 1.25x 10° g Zn
b. 1.00 kg Fe

(Molar mass of Zn = 65.38 g/mol)

(Molar mass of Fe = 55.85 g/mol)

¢ 199 WY, *
AT - N A |\
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air. 15%¢

.J‘.‘ ’ " 2 1A
| Converting between mass and atoms

MASS-TO-ATOMS CONVERSION Gold (Au) is one of a group of metals called the coinage metals (copper, silver, and gold).
How many atoms of gold are in a U.S. Eagle, a gold alloy bullion coin with a mass of 31.1 g Au?

(Molar mass of Au = 196.97 g/mol)

1\
]

EXAMPLE Problem 5

ATOMS-TO-MASS CONVERSION Helium (He) is an unreactive noble gas often found in underground deposits mixed with
methane. The mixture is separated by cooling the gaseous mixture until all but the helium has liquefied. A party balloon

contains 5.50 x 10?2 atoms of helium gas. What is the mass, in grams, of the helium?

(Molar mass of He = 4.00 g/mol)
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Additional Practice

19. How many atoms are in each sample?

55.2 gli

(Molar mass of
Li=6.94
g/mol)

0.230'g Pb

(Molar mass of
Pb =207.2
g/mol)

11.5gHg

(Molan mass of
Hg = 200.59

g/mol)
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20. What is the mass in grams of each sample?

6.02 x 10%*atoms Bi

(Molar mass of Bi = 208.98
g/mol)

1.00 x 10%*atoms Mn

(Molar mass of Mn =54.94
g/mol)

3.40X 10%2atoms He

(Molar mass of He = 4.00
g/mol)

1.50 x 10'°atoms N

(Molar mass of N = 14.01
g/mol)

1.50 x 101°atoms U

(Molar mass of U =238.03
g/mol)
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21. Challenge:

Convert each given mass to the number of representative particles. Identify the
type of representative particle and express the answer in scientific notation.

456 x 103g Si
d
(Molar mass of Si =
28.09 g/mol)
0.120kg Ti
b

(Molar mass of Ti =
47.87 g/mol)
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Summary

The Mole as the Center of Conversions

1 mol 6.02 X 102 particlesh,
number of grams S BT 1mol -
{;:;-. y 0
\ e Vo
4 number of grams 4 1 mol
1mol 6.02 x 1023 particles
Moles Representative
particles
Conversion Operation Conversion factor
Grams - moles Divide by molar mass 1 mol
molar massing
Moles - grams Multiply by molar mass molar massin g

1 mol

Moles - particles | Multiply by Avogadro’s number | 6.02 x 1023 particles

1 mol

Particles > moles | Divide by Avogadro’s number 1 mol
6.02 x 1023 particles
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Quiz

Lesson 2

Mass and The Mole

Part 1 True or False

For each statement below, write true or false on the line.

scale of atomic:masses.

The isotope hydrogen=1 is the standard used for the relative

2. | The mass of an atom of helium-4 is 4 amu.

3. | The mass of a mole of hydrogen atoms is 1.00 x 10** amu.

called its molar mass.

The mass in grams of one mole of any pure substance is

occurring isotopes of each element.

The atomic masses recorded on the periodic table are

5. | weighted averages of the masses of all the naturally

atomic mass in grams.

The molarimass of an element is numerically equal to its

7. | The molar mass unit is mol/g.

If the measured mass of an element is numerically equal to
8. its molar mass, then you have indirectly counted 6.02 x 10%*

atoms of the element in the measurement.
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Part 2: Complete and Organize

Analyze molar mass by completing the following statements.

1. The mass of one mole of carbon-12 atoms is

grams.

2. The mass of one mole of hydrogen is

mass of one mole of carbon.

3. The mass of one mole of helium-4:is

carbon and is equal to grams.

4. One mole of manganese is equal to

gram and is

the

the mass of one mole of

atoms of

manganese.

Organize the following equations by writing the letter of the correct equation

beside each conversion type.

1. Mole to mass

1 mol

A. mass X

2. Mass to mole

number of grams

number of grams

B. number of moles X

3. Mass to atoms 1 mol

1 mol

6.02 X 1023 atoms

C. mass X
number of grams

4. Atoms to.mass 1 mol

1 mol

number of‘grams

D. atoms X

X
6.02 x 1023 atoms

1 mol
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Part 3 Multiple Choice

1) What is the mass of 3.35 moles of calcium?
Molar mass of Ca = 40.08 g/mol

A)8.36¢g
B)43.43 g
C)134¢g
D) 149 g

2) How many moles are present in 115 g of nickel?
Molar mass of Ni = 58.69 g/mol

A) 0.510'mol
B) 1.96 mol
C) 6.75 mol
D) 56.3 mol

3) How many atoms are present in 65.6 g of silicon?

Molar mass of Si = 28.09 g/mol
Avogadro’s number = 6.02 x 10%3atoms/mol

A) 2.34 x 10%3atoms
B) 3.95 x 10%*atoms
C) 1.41 x 10%*atoms
D) 5.64 X 10%°atoms
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Al plj9 Al

Which of the following statements are correct S Jgally diSIL 3lats Lowd dumus &l Sllusdl o gl
related to mass and the mole?
1 | Amole always contains the same number of particles Ologuwall o sall Gudi sg Lasls Joall | 1
2 I Moles of different substances have different masses dalise JiS lg) dalisell slgall &¥ge | 2
e &onverting fron; ma;; to mole we use < T sl . 1S) dnlia sl 2 _7 . | als - : §
a fixed ratio for all elements petst Sl Brmlgdal e Jse N &S 02 3

2and 3 392 &)
1and 2 241 £
1,2 and3 39291 O
1and3 % | O

What is the central unit of conversions between mass and () Cilasally LS (s gt &3S pall Basagl L

particles (atoms, ions, or molecules) In the figure below? . . .
Solial JSall 3 (cligsall of clip)

1 mol ¥ 7 6.02 x 102 particles
number of grams 7 @ y 1 mol
number of grams 1 mol D -
1 mol s 6.02 x 102 particles - P 9%
NP NP liaall clasual)
Moles Representative particles
Y gall dae
Slalyadl sae
QLA:L«.M?.“ RRYS

bl sas
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What is the molar mass for nitrogen element N? TN e gyl pais) ddgall dis) Lo
HYDROGEN o . HELIUM
1 Periodic Table 2
H Elements 1-18 He
1.00 4.00
LITHIUM BERYLLIUM BORON CARBON NITROGEN OXYGEN FLUORINE NEON
3 4 5 6 i 8 9 10
Li Be B C N (0] F Ne
6.94 9.01 10.81 12.01 14.00 16.00 19.00 20.18
SODIUM MAGNESIUM | ALUMINUM SILICON PHOSPHORUS SULFUR CHLORINE ARGON
11 12 13 14 15 16 17 18
Na Mg Al Si P S Cl Ar
23.00 24.31 26.98 28.09 30.94 32.07 35.50 40.00

28.00 g/mol

16.00 g/mol

O O O

32.00 g/mol

O 14.00 g/mol

What is the mass of 4.50 x 102 mol of cobalt Co? $Co JLsSIl 0 4.50 x 10% mol dksS L

molar mass Co = 58.933 g/mol 58.933 g/mol = cJugSl ddgall AL

3.90x10% g
4.60x10% g

3.20x10% g

€3 | | x| &2

2.65x10%g
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A party balloon contains 9.60 x 10?* helium atoms. poskigl (5o )3 9.60 x 107 e cillais! gl iy
What is the mass of helium in grams? Tl 2l poslugll dliS Lo

Avogadro’s number = 6.02 x 102 6.02 x 103 = g,0l>gdl sae

molar mass of He = 4.00 g/mol | 4,00 g/mol = agalgll &Jgell ALiSII

63.8

36.9

85.7

45.5

What is the mass of 3.75 x 10? mol of copper Cu? SCU ywlsall oo 3.75 x 10% mol S Lo

molar mass Cu = 63.55 g/mol 63.55 g/mol = ulill dgall alisli

1.60 x 103 g
245 x10% g
2.40 x10% g

5.65 x 10% g
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A vessel contains 5.117 x 1024 nitrogen u2gyiaill o 83 5.117% 10?4 e cleg (soiz

atoms. What is the mass of nitrogen in

TOblalb guzg il diS Lo

grams?
Avogadro’s number = 6.02 x 102 6.02 x 1023 = g)sl>g8l suc
molar mass of N = 14.00 g/mol 14.00 g/mol = cusgyiuill dugall diS|
119
25.4
18.7

65.8
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How many moles are in 191 g of Cu? TCU 5 191 g (S 99290 Yse NS
Molar mass Cu = 63.546 g/mol 63.546 g/mol = Cu 1 Llgall s

1.5 mol

3 mol

4.5 mol

2 mol

QOO0
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Module
9

The Mole

Lesson

(3)

Moles of Compounds
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CONVERSION SUMMARY
MASS (g) ¢==—==p MOLES (mol) ¢=——> PARTICLES

Use molar mass (g/mol) Use Avogadro’s number:
6.02 x 102 atoms/mol

(= N\

( 1 STEP: Moles < Particles ] 1 STEP: Mass & Moles ( 2 STEPS: Mass < Particles )

6.02 x 1022 atoms molar mass in
moles x moles x g mass — moles — atoms
1 mol 1 mol
atoms — moles — mass
t 1 mol 1 mol
ke 6.02 x 102 atoms BRGS-5 molar mass in g Use molar mass and Avogadro’s number

. > NG J

If moles are given or required — 1 step

KEY RULE If converting mass « particles — 2 steps

The mole is always the central unit.

Chemical Formulas and the Mole

Chemical formulas show the types of elements present and the relative numbers
of atoms or ions in a single representative particle of a compound.

Example CCI,F,

The subscripts show that one molecule contains:

Element | Number of atoms
Carbon, C 1
Chlorine, Ci 2
Fluorine, F 2

Therefore, the ratio of atoms is: (R0 B N HY AW/
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A dozen CCl, F, melecules contains:

One'dozen carbon atoms ® Two dozen chlorine atoms ¢ Two dozen fluorine atoms

Carbon (C)

In the same way, one mole of CCl,F,molecules contains:

Chlorine (Cl)

_ Fluorine (F)

One mole of carbon ¢ Two moles of chlorine ® Two moles of fluorine

The mole ratio remains:

[ Writing Mole-Ratio Conversion Factors J

For CClZ Fz 5

\

1 mol C atoms

1 mol CCL,F,

2 mol Cl atoms

1 mol CCL,F,

2 mol F atoms

1 mol CCI, F,
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How many moles of fluorine atoms are present in 5.5 moles of CCI, F,?

EXAMPLE Problem 6

MOLE RELATIONSHIPS FROM A CHEMICAL FORMULA Aluminum oxide (Al, O3), often called alumina, is the principal raw
material for the production of aluminum (Al). Alumina occurs in the minerals corundum and bauxite. Determine the moles of

aluminum ions (A13+) in 1.25 mol of Al,O5.

PRACTICE Problems '

ADDITIONAL PRACTICE

29. Zinc chloride (ZnCl,) is used in soldering flux, an alloy used to join two metals together. Determine the moles of Cl1™ ions in

2.50 mol ZnCl,.

cWNa
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Question

Answer

30

Plants and animals depend on
glucose (C4,H,,04)as an energy
source. Calculate the number of

moles of each element in
125 mOl C6H1206'

31

Iron(Ill) sulfate [Fe, (S0,);]is
sometimes used in the water-
purification process. Determine
the number-of moles of sulfate

ions present in
3.00 mol Fe, (S0,);.

32

How many moles of oxygen
atoms are present in 5.00 mol
of diphosphorus pentoxide
(P,05)?

33

CHALLENGE: Calculate the
number of moles of hydrogen
atoms in1!15.x:10* mol of
water. Express the answer in
scientific notation.
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R\
The molar

N The Molar Mass of Compound st

mass of a compound is the mass of one mole of the compound.

Molar mass of a compound = sum of the masses of all its atoms

Example: Potassium Chromate K,CrO,

LT

Element | Molar mass

K 39.10 g/mol

Cr 52.00 g/mel

0 \\W 16.00 g/mol

\N
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# Question Answer
HYDROGEN CARBON NITROGEN OXYGEN SODIUM
1 6 7 8 11
H C N O Na
1.008 12.01 14.01 16.00 22.99
PHOSPHORUS CHLORINE POTASSIUM CALCIUM STRONTIUM
15 17 19 20 38
P Cl K Ca Sr
30.97 35.45 39.10 40.08 87.62

o Determine the molar mass of
a

NaOH.

Determine the molar mass of
34b

CaCl,.
o, Determinethe molar mass of

- ‘
KC,H30,.
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HYDROGEN CARBON NITROGEN OXYGEN SODIUM
1 6 7 8 11
H C N O Na
1.008 12.01 14.01 16.00 22.99
PHOSPHORUS CHLORINE POTASSIUM CALCIUM STRONTIUM
15 17 19 20 38
p Cl K Ca Sr
30.97 35.45 39.10 40.08 87.62
Calculate the molar mass of
35a

C,H:OH.

35b
HCN.

Calculate the molar mass of

35¢
CCl,.

Calculate-the molar mass of
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HYDROGEN CARBON NITROGEN OXYGEN SODIUM

1 6 7 8 11

5 C N () Na

1.008 12.01 14.01 16.00 22.99

PHOSPHORUS CHLORINE POTASSIUM CALCIUM STRONTIUM

15 17 19 20 38

j= Cl K Ca Sr

30.97 35.45 39.10 40.08 87.62

36a or ionic, then calculate its
molar mass.

Iden'tify"Sr(Nog)zas molecular

Identify (NH,)3;PO,as
36b molecular or ionic, then
calculate its molar mass.

Idenhfy ClezzollaS
36¢ molecular or ionic, then
calculate its molar mass.
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WERS

Converting Moles of a Compound to

Converting Mass of a Compound to Moles

How does this differ from Element calculations?

» Calculate the compound’s molar mass ﬁrvré't it it is not given, then use the

appropriate conversion factor to'solve.

EXAMPLE Problem 7

MOLE-TO-MASS CONVERSION FOR COMPOUNDS The characteristic odor of garlic is due to allyl sulfide [(C3H5 )s S]. What

is the mass of 2.50 mol of (C3Hs),S?
Element | Molar mass

C ..-2|'12.01 g/mol
H~"] 1.008 g/mol
S 32.06 g/mol

EXAMPLE Problem 8

MASS-TO-MOLE-CONVERSION FOR COMPOUNDS Calcium hydroxide [Ca(OH)Z] is used to remove sulfur dioxide from the
exhaust gases emitted by power plants and for softening water by the elimination of Ca** and Mg2+ ions. Calculate the

number of moles of calcium hydroxide in 325 g of the compound.
Element | Molar mass

Ca 40.08 g/mol
0 16.00 g/mol
H __|1:008g/mol
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# Question
37 | The United States chemical industry produces more sulfuric acid, H,SOy,, in
terms of mass, than any other chemical. What is the mass of 3.25 mol of
H,S0,?
Molar mass of H,S0, = 98.08 g/mol.
38 | What is the mass of 4.35 X 10~2 mol of zinc chloride, ZnCl,?

Molar masses: Zn = 65.38 g/maol;'Cl = 35.45 g/mol.
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39 | CHALLENGE:Write the chemical formula for potassium permanganate, and
then'calculate the mass in grams of 2.55 mol of the compound.
Molar mass of potassium permanganate = 158.04 g/mol.

40a | Determine the number of moles present in 22.6 g of AgNO;.

Molar mass of AgNO; = 169.88 g/mol.




Grade 12 General Telegram: @CHEMISTRYIW

Chemistry (P1) Mr. Issa Waswas WhatsApp: 0569190994

40b

Determinethe number of moles present in 6.50 g of ZnSQ

Molar masses: Zn = 65.38 g/mol; S = 32.06 g/mol; 0 = 16.00 g/mol.

40c

Determine the number of moles present in 35.0 g of HCI.

Molar mass of HCl = 36.46 g/mol.
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41a

CHALLENGE:1dentify Fe, 05 as an ionic or molecular compound.and

convert 2.50 kg of the compound to moles. Express your answer in

scientific notation.

Molar mass of Fe,0; = 159.70 g/mol.

41b

CHALLENGE: Identify PbCl, as an ionic or molecular compound and convert

25.4 mg of the compound to moles. Express your answer in scientific

notation.

Molar mass of PbCl, = 349.00 g/mol.
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Converting Mass of a Compound to Number of Particles

EXAMPLE Problem 9

CONVERSION FROM MASS TO MOLES TO PARTICLES Aluminum chloride (AlCl3) is used in refining petroleum and
manufacturing rubber and lubricants. A sample of aluminum chloride has a mass of 35.6 g.

a. How many aluminum ions are present?

b. How many chloride ions are present?

c. What is the mass, in grams, of one formula unit of aluminum chloride?

Molar mass of AlCl; = 133.33 g/mol
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42, Ethanol (C;HsOH), a domestically produced fuel source, is often blended with gasoline. A sample of ethanol has a mass of
456 ¢g.

a. How many carbon atoms does the sample contain?
b. How many hydrogen atoms are present?

c. How many oxygen atoms are present?

Molar mass of C,H;OH = 46.07 g/mol

43. A sample of sodium sulfite (Na; SO3) has a mass of 2.25 g.
a. How many Nat ions are present?
b. How many SO;° ions are present?

c. What is the mass in grams of one formula unit of Na; SO3?

Molar mass of Na,S0O; = 126.04 g/mol
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44. A sample of carbon dioxide (CO;) has a mass of 52.0 g.
a. How many carbon atoms are present?

b. How many oxygen atoms are present?

c. What is the mass in grams of one molecule of CO;?

Molar mass of CO, = 44.01 g/mol

45. What mass of sodium chloride (NaCI) contains 4.59 x 10** formula units?

Molar mass of NaCl = 58.44 g/mol
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46. CHALLENGE A sample of silver chromate has a mass of 25.8 g.
a. Write the formula for silver chromate.
b. How many cations are present in the sample?

c. How many anions are present in the sample?

d. What is the mass in grams of one formula unit of silver chromate?

Molar mass of silver chromate = 331.74 g/mol
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Summary

¢ Subscripts show the moles of each element in 1 mol of a compound.
“* Add the masses of all atoms in the formula to-calculate the compound’s molar

mass.

+* Use molar mass to convert between moles and mass.

AR

Moles of
atoms or ions

mol atoms or ions 1 mol compound
1 mol compound mol atoms or ions
v
1 mol A 6.02 X 1023 panicléx"
number of ramé"i} %
g Tmol
e
\“ "
°fo
,.r.'f"-humber of grams ;f: 1 mol
: 'Q Tmol (6602 X 10%° particles g
Mass of2 '*" Moles of | Représentative

compound compound particles
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Lesson 3 Moles of Compounds

Quiz

ol 4)lj9 Asiusd

$CoH50H oSyl & gall AiSl L

What is the molar mass of the compound C;H;0H?

62.0 g/mol

HYDROGEN . o HELIUM
1 Periodic Table 2
H Elements 1-18 He

1.00 4.00
LITHIUM BERYLLIUM BORON CARBON NITROGEN OXYGEN FLUORINE NEON
3 4 5 6 7/ 8 9 10
Li Be B C N (0] F Ne
6.94 9.01 10.81 12.01 14.00 16.00 19.00 20.18
SODIUM MAGNESIUM ALUMINUM SILICON PHOSPHORUS SULFUR CHLORINE ARGON
11 12 13 14 15 16 17 18
Na Mg Al Si P S Cl Ar
23.00 24.31 26.98 28.09 30.97 32.07 35.45 39.95
89.0 g/mol
34.0 g/mol
46.0 g/mol
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What is the mass of 3.25 mol of sulfuric acid, H,SO,? TH,S0, el Sl yae> (o 3.25 mol alis L
Molar mass of H,SO, = 98.08 g/mol 98.08 g/mol = H,S0, J dJgall aisll
O 637 g
{) 319¢g
O 478 g
O 159 ¢
Which of the following is the correct conversion factor zuouall gl Jaloe g2 Ll les zgi
for finding the number of molecules of a compound CS o0 Gl dac slowy
from the number of moles of the compound? TS yall ¥go dae (o
O 1 mol Jge 1
6.02 x 1023 molecules 6.02 X 1023 (50

molar mass X 6.02 x 1023 molecules ddgall ALSII X 6.02 X 1023 Gy 5>

O 6.02 X 1023 molecules 6.02 x 1023 (5>
1 mol Jge 1

1 mol X 6.02 x 1023 molecules Jse1X6.02 x 1023 Gy
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How many molecules are in 60.0 g of glucose (C¢H;,04)?

Molar mass of glucose (CgH1,0¢) = 180 g/mol
Avogadro’s number = 6.02 x 103

O

O
O
O

7.83 x 10%2
5.16 x 103
9.22 x 10?2

201 x 10%°

Which of the following ratios or conversion factors
is incorrect for calculations involving
the compound KC,H;0,?

O

O

1 mol K atoms

1 mol KC2H302

2 mol C atoms

1 mol KC2H302

3 mol H atoms

1 mol KC2H302

1 mol O atoms

1 mol KC2H302

9(CeH1206) jsSoknll (10 60.0 g ;4 8392 gall Clisjal suc S

180 g/mol = (CgH1,0¢) j9Sslzxl) dugall ALSI
6.02 x 1023 = g,5l>g8] sac

ooyt A Jogaall SMoleo of cuill oo S
&l Oblws <ly>Y
TKCH30, 550l
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How many moles are in 22.0 g of CO;?
Molar mass of CO; = 44 g/mol

$C0; 30 22.08 5 1291 Yga S

44 g/mol = €O, J dugall LS|

. 1.25 mol

O 0.50 mol

O 0.60 mol

O 2.00 mol
How many carbon tetrachloride (CCl;) molecules are 839290l (CCly) onSdl 1y9lS eby i sac oS
in 307.6 g of CCl,? SCCly p0 3076 g 9
Avogadro’s number = 6.02 x 1023 6.02 x 108 = g,sl>g8l sac
Molar mass of CCl, = 153.8 g/mol 153.8 g/mol = CCly J algall aisll

O 3.01 x 1023

O 6.02 x 1023
@ 1.20 x 10
O

1.82 x 10°*
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How many moles of iron ions are present in
3.750 mol of iron(lll) sulfate, Fe;(S0,)3?

7.500

12.65

4.450

18.35

How many moles of sulfate ions are present in
3.750 mol of iron(lll) sulfate, Fe,(S0,4)5?

7.500

18.75

11.2%

15.00

8 83829all Wl Sligl @¥ge sus oS

& 83929l Gl Sligy ¥go sac @S




Grade 12 General

Chemistry (P1)

Mr. Issa Waswas

Telegram: @ CHEMISTRYIW

WhatsApp: 0569190994

A sample of calcium sulfate, CaSO,, has a mass of
1156 g. How many moles does it contain?

OG0 O

lgiliS «CaS0, «pgund SISl yiS (o dine

T 59i3 Y90 05 .1156 g

Ca =40 g/mol

S=

32 g/mol

0 = 16 g/mol

7.80
8.50
6.55
125

What is the molar mass of the compound Al,(SO,);?

0 Q| Q|

\

¢ AlLy(SO,)s S yall dulgall AU Lo

262.33 g/mol

HYDROGEN ot HELIUM
1 Periodic Table 2
H El He

m —
1.008 e ents 1 18 4.003
LITHIUM BERYLLIUM BORON CARBON NITROGEN OXYGEN FLUORINE NEON
3 4 5 6 7 8 9 10
Li Be B C N (0] F Ne
6.94 9.012 10.81 12.01 14.01 16.00 19.00 20.18
SODIUM MAGNESIUM | ALUMINUM SILICON PHOSPHORUS SULFUR CHLORINE ARGON
11 12 13 14 15 16 17 18
Na Mg Al Si P S Cl Ar
22.99 24.31 26.98 28.09 30.97 32.06 35.45 39.95
150.07 g/mol
277.91 g/mol
342.15 g/mol
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Which of the following statements are correct

regarding molar mass and the mole?

dagus a1 Shlsdl o &l
TUgally ddgall AiSIL Glais Losd

The molar mass of an element is numerically equal to its
atomic mass.

Ay, b8 Gane gglus yoisl ddgall AL | 1

of each element are present in 1 mol of the compound.

) Subscripts in a chemical formula indicate how many moles

JS ©¥ge sae o] dbasSl dpall A Al ol8)Y s
Ssall o 1mol 1, 83g35all yaic

3 The molar mass of a compound is calculated from the
molar masses of all the elements in the compound.

gan) adlgall J1Sl g S0 Agall A cansd |
448 839394l yolisll

®) 1,2, and 3 39291
® 1éndé O 291
i ®) RN 2 and 3 352
@ 1and 3 351

What is the mass of 8.35 x 10% molecules of CCl,?

Molar mass of CCl, = 154 g/mol
Avogadro’s number = 6.02 x 10?3

Q100 |0

SCCly oo y3> 8.35x 107 aliS Lo

154 g/mol = CCl, J ddgall alisll
6.02 x 1023 = g,3l> 481 sac

9.03x103g
7.26x103 g
2136 g

100.8 g
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A sample of calcium sulfate, CaSO,, has a mass of LgiliS (CaSO, «pguuwlSIl Siliiy S (po dine
884 g. How many moles does it contain? 9 s 9ixd Yoo ps.884 g
Ca=40g/mol S =32 g/mol O =16 g/mol

O 9.0

O 6.5

O 3.8

O 8.0
How many moles are in 82.0 g of HCN? THCN 0 82.0 g (8 2>9 Jg0 oS
Molar mass of HCN = 27.0 g/mol 27.0 g/mol = HCN J dJgall iUl

O 3.04 mol

O 2.53 mol

O 1.25 mol

L) 0.33 mol
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