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Unit 5

On completion of the unit you should be able to:

1. write the number of particles in a mole.

2. calculate the formula (or molecular) mass of compounds.

3. solve problems involving conversions between the mass, the number of
moles, the number of formula units and the volume (for gaseous substances at
standard temperature and pressure).

4. given the formula of a compound calculate the percent composition.

5. given the composition of a compound calculate the empirical formula.

0. given the composition and molecular mass of a molecular compound calculate
the molecular formula.

7. express solution concentration in moles/liter.

8. do calculations involving solutions which have concentrations expressed in
moles/liter.

9. solve dilution calculation.

THE MOLE CONCEPT | 5.7 Molar volume of a gas

5.1 Mole concept Reading: Hebden - page 82

Reading: Hebden - page 78 5.8 Percent composition of compounds
5.2 Formula mass Reading: Hebden - page 90

5.3 Information in chemical formulae 5.9 Empirical formula

5.4 From amu to gram Reading: Hebden - page 91-95

5.5 Molar mass 5.10 Molarity and solution preparation

Reading: Hebden - page 79 Reading: Hebden - page 96-98

5.6 Calculations involving Avogadro’s number 5 11 Solution dilution

Reading: Hebden - page 81-88 Reading: Hebden - page 99




Mole Concept

Avogadro’s Number is 6.02x10%3

The mole unit is used to express:

1. A mass quantity
2. A counting quantity

1 water molecule

amu

molecule

6.02x10%22amu =1 gram

(Scale up so that we can weigh in the lab)

6.02x10%3 =
water molecules of water molecules

1 mole of water molecules

Conversion Factors:

(12 = 1 dozen)




Formula Mass also called:
Molar mass or Molecular mass

Q: What is the formula mass of water?

1.008 15.999

1110 H,

O

(1.008x2)+(15.999x1) = 18.015 g
mole of H,O

18.015

molecule of H,O




Formula Mass

also called:
Molar mass or Molecular mass

Q: What is the formula mass of ammonium sulfate?

1.008

H

1

14.007

N

7

15.999

O

8

32.06

S

6

(1.008x8)+(14.007x2)+(15.999%4)+(32.06x1) =

Make sure you count the

number of atoms in the

chemical formula accurately.

(NH,),SO,

132.13—°5

mole

amu

132.13

formula unit



Formula Mass

also called:
Molar mass or Molecular mass

Q: What is the molar mass of cupric sulfate pentahydrate?

1.008

H

1

63.546

Cu
29

15.999

O

8

32.06

S

16

(63.546x1)+(15.999x4)+(32.06x1)
+(18.015x5) = mole

Cus0, -5H,0

249.68 =2

“Molar” mass implies per mole



Information in Chemical Formulae

Sodium carbonate
Na,CO,

What are the parts needed to make ONE formula unit of sodium carbonate?

22.990 12.011 15.999

Na|| C || O
11 6 8 ) \)

o 1 9 %6




Information in Chemical Formulae }‘\
Na,CO, C J

Number of ratio of atoms: (parts)
Na : C : O

L E ‘e
formula
unit
two Na atoms one C atom three O atoms
12 W ﬁ‘& ]
formula - Mo
units ;
1(12) =12 C atoms
2(12) = 24 Na atoms
3(12) = 36 O atoms
three dozens (= 36)
two dozens (= 24
( ) one dozen (= 12)
one t ‘*A:‘ﬂ
dozen m
a,
formula R ﬁlﬂm h
units '
1(12) C atoms
2(12) Na atoms
3(12) O atoms




Information in Chemical Formulae

Na,CO,

Number of ratio of atoms: (parts)

6.022 x
1023
formula
units

2(6.022 x 102%) = 12.044 x 1022 Na atoms 1(6.022 x 102%) = 6.022 x 1022 C atoms 3(6.022 x 102%) = 18.066 x 1022 O atoms

one
mole
formula
units

2 moles (= 12.044 x 10%%) Na atoms 1 mole (= 6.022 x 1023) C atoms 3 moles (= 18.066 x 102%) O atoms




Information in Chemical Formulae }*
Na,CO, o ®

Summary:

L e %6
formula
unit
two Na atoms one C atom three O atoms
|
o 2 moles (= 12.044 x 10%%) Na atoms 1 mole (= 6.022 x 10%%) C atoms 3 moles (= 18.086 x 102%) O atoms
units

Number ratio of Na:C:O is always 2:1:3



Information in Chemical Formulae

Na,CO,

Number of ratio of ions: (parts)/

Na*

\

2-
3

C

The chemical formula of Na;CQO5

consists of:

number of Na* ions

number of CO5% ions

one formula unit

two Ma™ ions

one CO-Z ion

one dozen formula units

two dozens Na* ions

one dozen CO5% ion

one mole formula units

two moles Na™ ions

one mole CO5% ion

Number ratio of Na*:CO,% is always 2:1




Calculations involving:
- Moles, Mass, and Number of particles

Use Dimensional Analysis & Road map

HOME WELCOME CALENDAR MAPLE TA UNIT 1 UNIT 2 UNIT 3 UNIT 4 UNIT 5 UNIT 6

Cu Tn Malachite

b in Gale

ANNOUNCEMENTS ASSIGNMENTS ¥ CHEMIST'S TOOLS LABS LECTURES ¥ SCANNED LECTURE NOTES

« DUE: Assignment 2 due Jan 30 by 11:59 pm (Week 4)

LECTURE (!

Scanned Lecture Notes

0 Chemical Formula

Worksheets:

* Lab Report Write up Instructions
s Unit 2 — Density Questions Worksheet

# Unit 3 - Naming Worksheet — Name to Chemical Formula and Chemical Formula to Name
* Unit 5 — Mole Concept Worksheet



Expanded Road Map for "Mole - Mass - Volume - Particles" Calculations

6.02 x 107 °™/

Concentration

of the solution in

Mass of substance
in atomic mass

unit ( amu )

molarity, M Mass of substance
males Volume of Maolar mass of i (g)
In grams
{ ’JL} the solution (L1 substance | &t mole ) 8 8
Moles
of substance
73 particles Maolar volume of a gaseous
6.02x 10 v" mole of substance ¢
substance at STP i .
29.4Y Content of this box only applies to
N b : 7 mele gaseous substance at
umper o
Volume of a Standard Temperature and Pressure
Particles of gaseous substance { STP condition is 0°C and 1 atm )
{Particles can be: atoms, ions, molecules, formula units,
substance ) (L)
chemical formulas, molecular formulas, etc.)

Particles can be:
# of atoms,
# of ions,
# of molecules,
# of formula units

Parts of a formula unit




Expanded Road Map for "Mole - Mass - Volume - Particles" Calculations

Mass of substance

CO nve rSion . in atomic mass
6.02x10 /s unit ( amu )

Factor
Conversion L
Mass of substance
FaCtor sutﬂf;:;??:j f: ) * in grams (g )

> % Moles Conversion
of substance
6.02 x 1023 partices v" mole of substance FaCtor
* Number of
Particles of
{Particles can be: atoms, ions, molecules, formula units,
substance chemical formulas, molecular formulas, etc.)
Particles can be:
# of atoms : X
_ ’F Parts of a formula unit In a problem, look for
# of ions,

# of molecules, unit given and unit sought.

# of formula units



r \ Expanded Road Map for "Mole - Mass - Volume - Particles" Calculations
W

C

Mass of substance
23 . .
6502 % 10 amu in atomic mass

Q: How many moles of Na,CO; are —g_ unit (amu )

there in 3.00 g of Na,CO;?
Molar mass Mass of substance
g ingrams [ g )
mole
Moales
6.02 x 10%° particles of substance — —
—mole — Dimensional Analysis:

Number of . . 5 2
Particles of _ | | Unit given x conversion = unit sought
substance | e e o factor(s)

Particles can be: Do you expect the answer to be
# of atoms, a big number or a small number?
# of ions,

# of molecules, Conversion Factor: Molar Mass = 105.988 ¢/ _ .

# of formula units

1 mole
3.00 X = ? moles Na,CO
M 105 .988 -g-NazCO- 203

A: 0.0283 moles Na,CO,



Expanded Road Map for "Mole - Mass - Volume - Particles" Calculations

Q: What is the mass of 3.9736 g
of copper in amu?

602 x 10 3 particles

Mumber of
Particles of

substance

Molar mass
g
mole
Maoles
2 of substance

mole

[Partiches can be: atoms, ions, molecules, formula units,
chemical formulas, molecular formulas, etc.)

Particles can be:
# of atoms,

# of ions,

# of molecules,
# of formula units

3.9736-g€u x 6.02 x 102

Mass of substance :
23

6502 x 10 amu in atomic mass

Mass of substance

ingrams (g )

Dimensional Analysis:

Unit given x conversion = unit sought
factor(s)

Do you expect the answer to be
a big number or a small number?

amu
35 = ?amu

A: 2.39x10%4 amu




Expanded Road Map for "Mole - Mass - Volume - Particles" Calculations

Mass of substance
23 . .
o H H MLl in atomic mass
Q: A copper strip weighs 3.9736 g. PORx D= romieme
How many copper atoms are in
the Copper Strip? Mﬂlar mass Massufsuhstance‘
g ingrams [ g )
mole
Maoles
607 x 1023 partides of substance
mole Dimensional Analysis:

Unit given x conversion = unit sought

‘ Particles of

[Particles can be: atoms, ions, molecules, formula units,
\substance/ chemical formulas, moleculsr formulas, etc) faCtor(S)
———
Parti can be: Do you expect the answer to be

a big number or a small number?

Conversion Factor: Atomic Mass = 63.546 g/mole

# of molecules,
# of formula units
1 =moic Cu atoms
39736%60 X 63546 X 602 X 1023 T = ? CU atoms

A: 3.76x10%2 Cu atoms



}‘ Expanded Road Map for "Mole - Mass - Volume - Particles" Calculations
W

( | Mass of substance
. . 6.02 x ‘][]23 amu in atomic mass
Q: How many Na* ions are there in / g~ anit (amu )
2.5 moles of Na,CO,?
Mﬂlar mass Mass of substance
g ingrams (g )

23

mole
602 x 10 particles

Moles
of substance :
mole
~ Number of ‘
‘ Particles of ﬂ

Ticles can be: atoms, ions, molecules, formula units,

Dimensional Analysis:

Unit given x conversion = unit sought
factor(s)

substance

mical forpedys. molecular formulas, etc)

Particles can be \,
# of atoms, Do you expect the answer to be

@ a big number or a small number?

# of molecules,
# of formula units

FNeseCOstemmuiaanit T
2.5 moles-Na;CO, x 6.02 x 102 : S Na “ions
NexCOrFormula-unit

A: 3.0 x 10%* Na* ions

= ? Na*ions




Expanded Road Map for "Mole - Mass - Volume - Particles" Calculations

° : Mass of substance

Q. How Many oxygen atoms are In 5.02 x 102?5 amu inatomic mass
54.15 g of ammonium phosphate? g unit {amu )
( N H ) PO Molar mass Mass of substance
4 3 4 g in grams (g )
mole
Moles
6.02 x 1023 particles of substance
mole Dimensional Analysis:

/prt::: : | _ | Unit given x conversion = unit sought

substance [pmmle’:;:;l::f:!' o mnrm u::::;—.uu unit, f actor ( S )
Pa 1) o Do you expect the answer to be

of atom a big number or a small number?

# of ions,

# of molecules,
# of formula units

Conversion Factor: Molar Mass = 149.05 g/mole

1 o1C O atoms
54.15 g {NH5PO; X 120,08 v 602 x 102 NP0 g W 50 atoms

_g(NH PO, mole N5 T0%

A: 8.75x1023 O atoms



Mole Concept Worksheet

HOME WELCOME CALENDAR MAPLE TA UNIT 1 UNIT 2 UNIT 3 UNIT 4 U
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Introductory Applied Chemistry
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ANNOUNCEMENTS ASSIGNMENTS % CHEMIST'S TOOLS LABS LECTURES ¥ SCAMNNED LEC

« DUE: Assignment 2 due Jan 30 by LECTURE (Wk 4) — Unit 5 (5.1 to 5.2) »
11:59 pm (Week 4)

Scanned Lecture Notes

Road Maps:

* Mole - Mass — Volume - Particles conversion
+ From Percent Composition to Empirical Formula to Chemical Formula

Worksheets:

Lab Report Write up Instructions
Unit 2 - Density Questions Worksheet
Unit 3 - Naming Worksheet — Name to Chemical Formula and Chemical

Solution Worksheet — Maple TA Type Questions
Unit 5 - Solution Dilution Worksheet
Unit & - Percent Composition, Empirical Formula, Chemical Formula
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® LJnit 5 -
L]
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Mole Concept Worksheet

#1 Mass of substance
In atomic mass
2x107" unit | amu )
Concentration
of the solution In #‘4 #2
molarity, M Mass of substance
msiad stalar mas of , )
[ ) substance { 5/ ) ‘__.,,..f" n grams | g
#3 Males
of substance
02 ID.'J i ] .'I A LS . — Nl wollume of IIFTI:-:-\.LEE
’“L;l;:'_: ricks Content of thits box only apphes Lo
i gateous substance at
Number of Volume of a Standard Temperature and Pressure
Particles of #5 gaseous substance {sTPcondmon soCand 1atm) |
BatancH JPaicel Cam B NDom, ond, mobkeules, Tormuls wsitt, (L
e chermecal farmislan, rmolecular tormalat, efc |

1. One mole of aluminum, Al, is equivalent to

(a) 26.9815 amu. 1 mole Al =? amu

(b) 6.02E23 grams. or

(c) 6.02E23 atoms.

(d) 26.9815 atoms. 1moleAl=?g
or

1 mole Al = ? atoms

amu

(a) 1 meteAlx 26-982£] X 6.02x10%

4’

Your plan of action:

Plan of action to test (a): (#2, #1
Cannot be (b) or (d) because
6.02 x 10 2

1 mole #6.02x103g. | -
1 mole # 26.9815 atoms. JP6.02x10% 210mS

mole

Plan of action for (c):
1 mole = 6.02x10%3 atoms. ) Correct!

Ans: (c)

=1.62x10%° amu Not (a)



Do the Mole Concept Worksheet.
Answers will be posted later in the week.

Try some mole concept
practice problems in Maple TA.

Use Dimensional Analysis in your
calculations!!



