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Locations:
— Science tower 07 room 173 first floor
— phone 6400000 ext. 23024
— email Lalhrbi@kau.edu.sa
— web site: http://lalhrbi.kau.edu.sa

Exam schedule:

18t exam : from lecture 1-11 ( Chapters 1-4) = 30 marks
27 exam: from lecture 12-24 (Chapters 5,7-9) = 30 marks
Final exam: from lecture 1-33 = 40 marks

(Chapters 1,2,3,4,5,7,8,914,15,24&25)

Dr. LAILAAL-HARBI



No. of Units

Course No. Course Title - Pre-requisites
Pr. Credit
Chem 110 General Chemistry I - 3 -
Course Obj :
The course aims to introduce students to basic knowledge and principle in
chemistry.

Course Description :

It provides an introduction to the general principles of chemistry for students
planning a professional career in chemistry, a related science, the health
professions, or engineering. By the end of this course the student will be able to
understand the following: Significant figures, scientific notation and units,
stoichiometry, atomic structure & periodic table, chemical bonding, gases, ionic
equilibrium, basic principles of organic and basic principles of biochemistry .

piext books:
el istry, by Chang, 10%. ed., 2007, McGraw-Hill

o = = o | istry, by Steven S. Zumdahl, 6t ed., Houghton Mifflin College Div.

ubsidiary books :
Chemistry, by Martimentlged., Wadsworth Inc.




Main text book :
= Chemistry, by
Chang, 10%. ed.,
2007, McGraw-

Hill.

Chemlstry "‘

Tenth Edition

¥ ‘Raymond Chang
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Units of Length

Kilometres and Metres
x1000

1 km = 1000 m

0.75kme. = _—750m
+1000

MMetres and Centimetres
x100

1 m/—\loo cm

26mwe__ = _—260cm
+100

Metres and Millimetres
x1000

1m 1000 mrr

26me = 2600 mn
+1000

i

Centimetres and Millimetres
x10

e =

1cm 10 mm

315cm w = _—315mm
=10

4

4

4

4

Dr. LAILAAL-HARBI

Sl units

Mass and weight
Volume
Temperature scales




» By the end of this chapter you should:

« Know the 7 Sl basic units and their
prefixes.

 Be able to convert from one unit to

other.
Know to derive units from the 7 Sl basic

St units.
Common units (L & mL)

‘ i H ‘ Dr. ﬁILAAﬁARiI
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Introduction

 Chemistry is the
study of matter
and the changes
it undergoes

* There are three
states of matter
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TABLE 1.2

Base Quantity Name of Unit Symbol
Length meter m
Mass kilogram kg
Time second S
Electrical current ampere A
Temperature kelvin K
Amount of substance mole mol
Luminous intensity candela cd

Dr. LAILAAL-HARBI
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e ST unit of
The ST unit of mass is

(a) The pound
(b) The gram

(a) length

(b) mass

(c) The kilogram (c) temperature

(d) current




TABLE 1.3 B GIVCEASEERTHGES RV

Prefix Symbol Meaning Example

tera- T 1,000,000,000,000, or 10" | terameter (Tm) = 1 X 10"* m
giga- G 1,000,000,000, or 10’ | gigameter (Gm) = 1 X 10” m
mega- M 1,000,000, or 10° I megameter (Mm) = 1 X 10° m
kilo- k 1,000, or 10° Tm | kilometer (km) = 1 X 10° m
deci- d 1/10, or 10~ | decimeter (dm) = 0.1 m

centi- C 1/100, or 1072 | centimeter (cm) = 0.01 m
milli- m 1/1,000, or 107? I millimeter (mm) = 0.001 m
micro- w 1/1,000,000, or 107° I micrometer (um) = 1 X 10™°m
nano- n 1/1,000,000,000, or 10~ | nanometer (nm) = 1 X 107" m
pico- p 1/1,000,000,000,000, or 10~ 1 picometer (pm) = 1 X 10”7 m
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134 pm =77 m
134.%4 %4012 m

1%1012 m
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« A. 107 and 10¢.
0% and 10-3.
* (a). The pound . C. 103 and 103,
° (b) The gram ® D 09 and 10_6.

1S

05

\

\

* (c). The kilogra

Prefix Symbol Meaning Example

tera- T 1.000.,000.000,000, or 10" | terameter (Tm) = 1 X 10"% m
m The mOIe : giga- G 1,000,000,000, or 10’ | gigameter (Gm) = 1 X 10°m
g mega- M 1,000,000, or 10° | megameter (Mm) = 1 X 10°m
. kilo- k 1,000, or 10° | kilometer (km) = 1 X 10° m
: il deci- d 1/10, or 107! | decimeter (dm) = 0.1 m
——— centi- C 1/100, or 1072 I centimeter (cm) = 0.01 m

milli- m 1/1,000, or 10~* | millimeter (mm) = 0.001 m

micro- m 11,000,000, or 107° I micrometer (wm) = 1 X 10™°m




(d). 1 x 10

Explanation: Since the prefix micro means 1 x 10, there will be
1 x 10 * % microseconds in one second.
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o (a
o (b
o (C
e (d) 2.1 x104pm — 2.1 x 108 m
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) 21m — 21m
)2.1x1020m—> 2.1m
) 21 mm — 0.021 m

{ Put all of them in the same unit}

Explanation: Even though 2.1 x 104 is the largest number in this
question, the units of pm (picometers) are the smallest units here,

making it the smallest distance.
Dr. LAILAAL-HARBI



micr:ometers?
Solution 1 sw\ s&ﬂ\
1km=103m
6 km ;(6 x 103 m En]
Tum =1x 10%m Lol

3Sm

X =6 %10%m

e W e e

T = o, o

—_
P ——
4 L] 1
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Example

* The diameter of an atom is
approximately 1 x 10" mm.
What is this diameter when

; ,) mass?
expressed_m nanometers” . A. 2.0x102mg
e« A. 1x10"' mm
« B 1x1051m « B. 0.0010 kg
e C. 1%x10°nm « C. 1.0x10°pug
e D 1x10"nm « D. 20x10%cg
« Put all of them in the same

e =1x 107 x 1 x 106 = unit
e 1x107nm=0.1 nm A) 0.2 g

B)1g

C)0.1g r 9

e 3

Dr. LAILAAL-HARBI
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* are defined in terms of the seven base
guantities via a system of quantity equations.

 The S/ derived units for these derived
qguantities are obtained from these equations
and the seven Sl base units. For example

* Area = width x length
2 Unit of width = m

st Unit of length = m

apale. Unit of Area = mx m = m? i\
Dr. LAILAAL-HARBI

Treat units like numbers ‘




Common unit of volume is liter (L) and milliliter (ml)

The relation ship between liter (L) and mil (1L=1000mL)

The relation ship between liter (L) and metric system
1L=1dm3

The relation ship between milliliter (ml) and metric system

1mL=1cm?

1dm3=(1x10"m)3=1x103m3

e ;
e —dh—

BRI 1 cm®=(1x102m)*=1x10¢ m? /ﬁl

Dr. LAILAAL-HARBI
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dm?3 ?

« since 1L =1 dm?
« 25dm3 =25L
Example (2)
How many milliliters are

in32cm?3 ?
Since TImL=1cm?

32cm?® =32mL

Dr. LAILAAL-HARBI

How many liters are in 25

How many liters are in
250 cm3 ?

Since 1L =1 dm?3
and 1mL =1 cm?3

250 cm3 =250 mL
L - mL

250/1000 =0.25 L
-




How many cubic
centimeters are there

« The diameter of an in exactly one cubic
atom is approximately meter?
1 x 100" mm. What is
this diameter when « A. 1x10%cm3
expressed in e B 1x103cm3
nanometers? e C. 1x%x102cm?
~ y A ) 3
% 1018 nm D. .X 0° cm
10-15  Solution
x 10-"° nm
e « 1m3=(1x 1023 cm?3
x 10" nm

e Tm3=1x 105 cms3

Dr. LAILAAL-HARBI



Mass is the measure of the amount of
matter in an object.

Sl unit of mass is the kilogram
(kg)
1kg=1000g=1x10°g

+ Weight is the measurement of the pull
of gravity on an object.

weight = ¢ x mass

AT

« The Mass of an object doesn't change Wilibuibbuiaibiusimis
¢ Wwhen an object's location changes. _ :
Weight, on the other hand does The weight of man on earth is 50 pounds
change with location. is 8.25 pounds on moon
« Chemist are interested primarily in
mass

Dr. LAILAAL-HARBI



ma
volume
= S| derived unit for density is kg/m3

density =

. c;immon units of density are g/mL
g

= Density decrease with temperature
(g/ml )g/cm? for liquid and solids g/L =
0.001g/ml for gases

oo rause density of gases are very

= " W =

- The density of copper
—~l is 8.94 g/cms.
Dr. LAILAAL-HARBI




Given

m& YV
?d
d=m/V

Given
V&d

Given
m & d
?V

V=m/d

m=dxV




* A piece of Gold metal . A piece of platinum

has a volume of 15.6 metal with a density of
cm?3, with a mass of 301 21.5 g/cm3 has a
g Whatis its density? volume of 4.49 cm3,
m What is its mass?
d= /-
d= JL
301 g/ 15.6 cm3 4
=19.3 g/ cm?
2 m=dxV
= 21.5 glem? x 4.49€m3
=96.5¢

Dr. LAILAAL-HARBI



* The density of mercury
is 13.6 g/mL has a
volume of 5.50 mL. What
Is its mass?

_m
d= -y

m=dxV

= 13.6 g/l x 5.50mL
=74.8¢

—

* The density of sulfuric
acid is 1.41 g/mL has a
volume of 242 mL.
What is its mass?

_ _m
d= -y
m=dxV

=1.41 g/mL x 242411
= 341.22 g

Dr. LAILAAL-HARBI



Temperature Scales

* Fahrenheit °F —°F = (9/5) x “C] + 32
e Celsius °C — "C =(5/9) (°F - 32)
« Kelvin®* K — “K="C+273.15

Celsius Kelvin Fahrenheirt
Boiling water — 100 °C — 373.15 K — 212 °F
100 units 4 100 units % 180 units<\
Freezing water '— 0 °C — 273.15 K — 32 °F
1234567890
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Figure 1.10 Comparing Temperature Scales OBJECTIVE 15 OsBJeECTIVE 16

ke e T Absolute zero -273.15 °C oK -459.67 °F

T -

—=N

iy
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erature Units Conversion

1. Degrees Celsius °C: Scale O — 100 Thus:
100 divisions or 100 degrees

2. Kelvin K: Scale 273 — 373

Thus: 100 divisions or 100 degrees

1IK=1C

3. Degrees Fahrenheit °F : Scale from 32— 212
Thus: 180 divisions or 180 degrees

| Thus: the size of degree in °F scale is only
100/180 or

| 5/9 of a degree on the °C scale  1°F = (5/9) 1°C
. fplcom
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Convert 224 °C to degrees Fahrenheit?
°F=(9% /5°C) x °C + 32
[°F = (9°F /5°C) x 224 °C] + 32°C = 435°F

Convert -452 F to degrees Celsius.
°C=(5°C /9°) (°F - 32 9F)
°C =(59C /9OF) (-452 °F - 329F) = -269 °C

Convert -38.9 °C to degrees Kelvin..
"K=[-38.9°C+273.15°C]1x1K/1°C=234.3K

Dr. LAILAAL-HARBI



 Ammonia boils at -33.4°C. What temperature
is this in °F?

* A. -60.1°F

* B. -92.1°F

« C. -28.1°F

e D. +13.5°F
F=(9°F /50C) x °C + 32
[°F = (9°F /5°C) x -33.4 °C] + 32°C = -28.1°F

Dr. LAILAAL-HARBI



Useful sites

 https://www.youtube.com/watch?v=d|TNU
p4XIRo

 http://www.convertunits.com/
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Chapter 2

Atoms, Molecules, and ions

Atom
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Chapter 2
Atoms. Molecules, and ions

:égi—'
|

e 2.3 atomic number, mass number, and isotopes
2.4 the periodic table

2.5 molecules and ions

2.6 chemical formulas
Molecular formula
Molecular models

J/ / /
0’0 0’0 0’0

lonic formulas
2.7 naming compounds
lonic compounds

G
o o YV

Molecular compounds

Dr. LAILA AL-HARBI



Objectives

* By the end of this chapter you should:

« Know atomic number, mass number, and

1sotopes

* Be able to distinguish between molecules
(diatomic & polyatomic ) and 10ns ( cation

& anions) .
e Know different Chemical formulas

e Know how to Name lonic & covalent

compounds

IMyFreePPT Dr. LAILA AL-HARBI



2.3 atomic number, mass number, and
Isotopes

* Protons and electrons are the only particles that have a charge.
* Protons and neutrons have essentially the same mass. '
 The mass of an electron is so small we ignore it.

e Atomic number (Z) = number of protons in nucleus)

 Mass number (A) = number of protons + number of neutrons -

. = atomic number (Z) + number of neutrons
Particle Charge Mass (amu)
Proton Positive (1+) 1.0073
Neutron None (neutral) 1.0087
Electron Negative (1-) 5486 X 107
‘ Note that th Ne of P= Ne of e DRILAILA AL-HAREI



Symbols of Elements

Mass Number—— A
Atomic Number— ¢

 Symbols of Elements

All atoms of the same element have
the same number of protons: The

atomic number (2)

e The mass of an atom in atomic
mass units (amu) is the total
number of protons and neutrons

in the atom.

Dr. LAILA AL-HARBI

X —— Element Symbol

Flectron configuration —

Atomic number—

—
Symbol ——C

Neme—— Carbon
Average atomic mass——1]2.0107

Key:

—[He]2522p"f




© 13 14 15 16 17

ALS
IVA VA VIA VIIA ATOMIC NUMBER ——

SYMBOL
NAME —

STATE OF MATTER
GAS LIQUID ARTI

HYDROGEN
Bl ALKALI METALS
ALKALINE-EARTH ME
I TRANSITION METALS
@ OTHER METALS




|lsotopes

* |sotopes are atoms of the same element with
different masses.

* |sotopes have different numbers of neutrons.

C-DOC-OC~>

Hydqogen ; Deuterium 3 Tritium
1 H 1 H (D) 1 H (T)

235 238
92 92

Chemically, isotopes are not very different from each other.

Dr. LAILA AL-HARBI
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Oxygen Isotopes

&

°0 Isotope 70 Isotope 80 Isotope

& B

nuclieus nucleus nucleus

lMyFreePPT



|Isotopes

» Isotopes : Not all atoms of the same element have
the same mass due to different numbers of
neutrons in those atoms. (Same Z, different A)

» There are, for example, three naturally occurring
iIsotopes of uranium:

— Uranium-234 Uranium-236 Uranium-238

> isobaric: nuclear transformation in which nuclei have the same
(A) but different (Z).

2 98Fe on °8Ni / %4Nion %Zn / 48Ca on 48Ti.

> |sotones (Same N, different A) 0
> 394r & 49K (N=21)

Dr. LAILA AL-HARBI
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Example 2.1

e Give the number of protons, neutrons and electrons in each
of the following species

“Na “%Na 50 %G

“Na| =Na| 7O |’
Mass Number 20 22 17 14
Atomic Number 11 11 8 6
Number of electrons 11 11 8 6
Number of protons 11 11 8 6
Number of neutrons | 20-11=9 | 22-11=11 | 17-8=9 | 14-6=8

Dr. LAILA AL-HARBI
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* The nucleus of an atom « Atoms with identical

contains: atomic numbers but
different mass

a. protons and neutrons.
numbers are called:
b. protons and electrons. 5 mutants.
c. electrons and neutrons. b isomers.
d. air. c. lsotopes.
d. symbiots.
b=
v

Dr. LAILA AL-HARBI » !



Example 7

* Consider the following nuclei:
° 14C; 14N; 12C; 13N

 Which are isotopes? Isotones?
Isobars?

e 14C and *2C are isotopes of C

e 13N and N are isotopes of N

e 14C and 14N are isobars (A =14)
e 12C 3nd 13N are isotones (N = 6).

Dr. LAILA AL-HARBI
1MyFreePPT



An ion is an atom, or group of atoms, that has a net
positive or negative charge.

cation — ion with a positive charge
If a neutral atom loses one or more electrons
It becomes a cation.

11 protons 11 protons
11 electrons 10 electrons

anion — ion with a negative charge
If a neutral atom gains one or more electrons
it becomes an anion.

17 protons
17 protons 18 electrons
Dr. LAILA AL-HARBI

17 electrons
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lon ( N2 of e # p)

( lose or gain electrons )

A

~

Cation: ( Ne of e

<p)

an ion with a +ve charge

(lose electron/s)

A
4 A\
Monoatomic Polyatomic
cation cation
Na*, K*, Mg?* NH,*

~

Anion: ( Ne of e > p)

an ion with a -ve charge (
Gain electron/s)

N
4 A
Monoatomic Polyatomic
anion anion

Cl, Br,S OH~PO,3



A magnesium ion, ,Mg®*, has
12 protons and 13 electrons.
24 protons and 26 electrons.

24 protons and 22 electrons.
12 protons and 14 electrons.

Mo Hw>

A sulfide ion, (S% , has:

16 protons and 16 electrons
32 protons and 16 electrons
16 protons and 14 electrons

Mo Hw>

32 protons and 18 electrons




How many protons and electrons are in

13 protons, 10 (13 — 3) electrons

How many protons and electrons are in

34 protons, 36 (34 + 2) electrons

Dr. LAILA AL-HARBI




Use the following table and choose which of the species are neutral

Atom or ion element I IT ITT IV " VI
Atom or ion electrons (e) 6 10 18 10 28 7
Atom or ion protons (p) | 6 8 17 11 30 7
Atom or ion neutrons (n) 6 8 18 11 36 6
A. IIT and V C.IT and IIT
B. IVand V
Use the following table and choose which of the species are negaﬁvely
charged>
Atom or ion element I IT ITT IV " VI
Atom or ion electrons (e) 6 10 18 10 28 7
Atom or ion protons (p) | 6 8 17 11 30 7
Atom or ion neutrons (n) 6 8 18 11 36 6
A. IIT and V
B. IVandV D.Iand VI

Atoms with the same number of electrons and number of

protfons are called..
A. Ions
. C. neutral atoms

B. isotopes
D:'different atoms




Periodic Table of elements

* Elements arranged in order of increasing atomic number.

* Horizontal Rows in periodic table are called periods.
* Vertical Columns are groups or families; elements have similar properties.
* representative elements: A Group; transition elements: B Group

Group Name Elements
1A Alkali metals Li, Na, K, Rb, Cs, Fr
2A Alkaline earth metals Be, Mg, Ca, 5, Ba, Ra
bA Chalcogens 0,5, 5, Te, Po
7A Halogens F Cl Br, [ At
8A Noble gases (or rare gases) He, Ne, Ar Kt Xe, Rn

These five groups are known by their names | &!ﬂ‘i\ﬁ

Dr. LAILA AL-HARBI




Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Modern Periodic Table
i Main-group elements [1A to 8A]

13 14 15
3A

Transition metals

6 7 8
5B 6B 78

Dr. LAILA AL-HARBI




» Elements in the periodic table are divided
intfo three categories:

— Metal: (in green colour, Most elements) is a
good conductor of heat and electricity

— Nonmetal: (in blue colour, 17 elements) is a
poor conductor of heat and electricity

— Metalloid: (in brown colour, 8 elements) has
properties that are intermediate between
those of metals and nonmetals
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" Nonmetals are on the right side of the periodic
table (with the exception of H) (blue).

AR AR

]

Metalloids border the stair-step line (with
the exception of Al, Po, and At).

Metals are on the left side of the chart (green color) E

4 @ e N
4 T
v
Y
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e Positive ions are called:  The elements located in group

3 positrons. 7A of the periodic table are
: called:
b. anions. _
. a. alkali metals.
C. cations. b. noble gases.
d. nucleons. c. chalcogens.
d halogens.

What are the ions present in the compound (NH,),SO, ?

» NH;, H,, and SO,
» N37, HY, S°7, O
» NH,%* and SO,~ >

» NH,* and SO,>~ (3 IONS) F
» (NH,*), and SO,*~

Dr. LAILA AL-HARBI



1- Selenium (;,Se) element is: 3- Which of the following sets of
(a) a nonmetal elements is expected to have

(b) found in group 6A similar chemical properties?
(c) bothaand b a) Sulfur and phosphorous

b) Sulfur and oxygen
c) Sulfur and argon

2- Gallium (Ga) element is

found in the periodic table 4- Which of these elements is most
in likely to be a good conductor of
: electricity?
(a) period 3, group 1B Which of the following is metal?
(b) period 3A, group 4 A. N
: B. S
(c) period 4, group 1A C  He
(d) period 4, group 3A D. rFe . —

g g ADSVOTIE Univ,, a

0y
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2.5 Molecules and Ions

A molecule: is an aggregate of two or more
atoms in a definite arrangement held together
by chemical forces, a molecule may contain
atoms of the same element or atoms of two or
more elements.

e c.’c L“’ L,O

H, H,0 NH; CH4

2.5



NacCl
formula
unit

Example: Ne Example: O, Example: HO  Example: NaCl
lMyFreePPT



2.5 Molecules and Ions

Molecule
@ N
Diatomic molecule: Polyatomic molecule:
contains only two contains more than two
atoms atoms

Hz, Nz, Oz, Br'z, HCI, CO O3, HZO, NH3, CH4

H, 5A 6A 7A
N, |O; | Fp
cl,
Br,
L

BrtAHA-ALHARB




An ion: is an atom or a group of atoms
that has a net positive (+ve) or negative (-ve)

lon
Charge. /0\

- I
Cation: an ion with a +ve Anion: an ion with a -ve
charge (lose electron/s) charge ( Gain electron/s)

A A
4 A 4 A\
Monoatomic Polyatomic Monoatomic Polyatomic
cation cation anion anion

Na*, K*, Mg* NH,* cl, Br,S> OH~ PO,

Dr. LAILA AL-HARBI



* Which of the following is an

* Which of the following is an _
example of monatomic

example of polyatomic

cation? anion?
¢ A)Mg*? ¢ A) Mg*?
* B) NH,"! * B)NH,"
P C)O'z ¢ C)O-Z
. D) SO,> * D)sO,”

Dr. LAILA AL-HARBI
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2.6 Chemical formulas

 Molecular formulas give the actual numbers and
types of atoms in a molecule.

E.g. CH,, H,0,, C,H,, C.H,,0,

* Empirical formulas give the smallest whole
number ratio of atoms in a molecule. The
empirical formula of many compounds is the
same as the molecular formula

E.g. CH,, HO, CH,, CH,0

* |onic formulas: the number of electrons lost &
gained must be equal, so + and -charge canc >ii<—

out.

Dr. LAILA AL-HARBI




An empirical formula shows the simplest
whole-number ratio of the atoms in a substance

molecular empirical
H,0 H,0
C.H,,0, 2 CH,O \/
3
 —»
CZHGOZ x
O, ’ O

N,H, 2 NH, i;

Dr. LAILA AL-HARBI
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EXAMPLE 2.3

 Write the Empirical formulas for the following
molecules

v Acetylene cH, divided by 2 CH

v Glucose C.H,,0, divided by 6 CH,O

v" Nitrous oxide N,O , the Empirical formulas is same as
molecular formula N,O

v’ Caffeine CgH,,N,O, divided by 2 C,H:N,O

Dr. LAILA AL-HARBI



Examples

e Which of the

following is empirical
formula

A. 03 >>>>>> O

B. H,SO,

C. SS >>>>>>> S

D. CgH,,05,,, CH,0

Ay Al dageall sl
\.@.L.u.u
\.@.LA...n.u us.uy 4\_14\_\5\ M\A‘)“

* Which of the following
is molecular formula

A. CO,
B. H,SO,
C. S,

D. CH,O

Ledasasi Sy Al Aapall o slladl)

Ledasasi Sy (Al s 5l o 43IEN ALY

w\ M\Ay‘ LﬁAlLAAL HARBI
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Rules for writing ionic formula:

1) Write down formulas of ions

2) Combine the smallest number of ions to give the charge sum
equal to O; if the charges are not equal, find the lowest common
multiple

E.g. Predict the formula for the compound formed from the
following elements:

Potassium bromide K* ClI= =KCl
Zinc iodide Zn*? I~ =1Znl,

Aluminum oxide  AlI** 072 =Al,0O,

M\
[/

=
/,\

2x43=46 \  ,3x-2=-6 =

A|3+ 02-

Dr. LAILA AL-HARBI

IMyFreePPT



Examples 2.4

* Write the formula of
magnesium nitride?

3x+2 =+6 2x-3=-6
Mg 2N,
I\/Ig 2+ N3_

Write the formula of
a)chromium sulfate,
b)titanium oxide?

2x+3=+46 3x-2=-6

Cr ,(SO,);

Cr3" SO,

2x +4=+8 4x-2=-8

Ti 4t 0

Dr. LAILA AL-HARBI




2.7 naming compounds

**lonic compounds
** Molecular compounds

* lonic compounds
consist of metals ( positive ions (cations) and negative ions

I&anions).
A. Naming Cations
1. Fixed charge metals:
Cations have same name as the metal element. (Groups1A, 2A,
3A, transition metals ) have specific charge.
Ag* silver ion Zn%*zinc ion, AR* Aluminum ion
Li* lithium ion Ca?* calcium ion

Dr. LAILA AL-HARBI
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Naming Ionic compounds

Metals Non metals
Positive ion Negative ion
Cation Anion
» ! ¥
(1A, 2A ,3A & transition metals) . . Polyatomic
Fixed Variable anions anions
charge
charge «—— > - (STOCK SYSTEM)
metals If the metal can form more than 1 cation, the
Cations have charge is indicated by a Roman numeral in
same name as parenthesis after the metal name.
the metal
eIemen{/

Ag* silver ion ,Zn?*zincion, AlP*
Aluminum ion, Li* lithium ion,
Ca?* calcium ion

Fe2*iron(ll)  ,Au*gold(l), Cu* copper(l),
Fe3*iron(lll)  Au3* gold(lll) Cu?* copper (ll)

Hg, *?mercury(l) Hg?* mercury (1)

Dr. LAILA AL-HARBI
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e 2.Variable charge metals:

* |f the metal has more than one oxidation state, the
charge is indicated by a Roman numeral in
parenthesis after the metal name.

* Most of the transition metals are variable charge
metals.

e E.g. Common metals which exist in more than one
Dositive state:

* Fe’tiron(ll) ,Autgold(l), Cu* copper(l),
Fe3tiron(Ill)  Au3* gold(lll) Cu?* copper (Il)
Hg, *2mercury(l) Hg?* mercury (I1)

e 3. Polyatomic cations: consist of nonmetals:
H,O0* hydronium ion NH," ammenium

Dr. LAILA AL-HARBI



g Variable charge metals -
2 13 14 16 17
2A 3A 4A 6A TA
L c+ o | ¥
. 3 4 5 6 7 T 0T A :
b Mgb 3B 4B 5B 6 B | 3B ] B 2B \k\ 5 23

Ccr* | Mn* | Fe™* | Co* | Ni™* | Cu*

Kt | ca?* / Cr?* | Mn** | Fe** | Co** | Ni* | Cu* Zn?* \
A

N Bela:-
z
3

Rb* | Sr** Agt | Cca* S Te* | I
All+ ng‘ Pb2+
+ 2+ 2
Cs Ba \ Au th Pb‘/"'
\ /

Dr. LAILA AL-HARBI ‘\\‘ m



NOTE

 Some Cations of variable charge have name for each
oxidation state

e Example

Fe?tiron(ll) ferrous , Fe3*iron(lll) ferric
Cu* copper(l) cuprous , Cu?* Copper (Il) cupric
Hg, *?mercury(l) mercurous

Hg?* mercury (1) mercuric

Mercury (Hg) is the only metal has this formula when it
form cation with only one positive charge :

Hg,?* NOT Hg*

The cation of two positive charges has the formula ngré

]

; .
Dr. LAILA AL-HARBI \



B. Naming Anions

1. monoatomic anions: change ending to -ide

* E.g. Oxygen— Oxide Sulfur - Sulfide
Hydrogen - Hydride chlorine - Chloride
Florine = Floride Bromine — Bromide

* Polyatomic anions: most end in -ate or -ite; usually contain O
(oxy)
* Know polyatomic anions on handout.

 Carbonate CO,, Nitrate NO; ™ Sulfate SO,
* Phosphate PO,
Cyanide CN-, Hydroxide OH-, Oxide O,
See table 2.3 —=gh

Dr. LAILA AL-HARBI




* lonic compounds names start with the positive ion (metal)
(include Roman numeral in parenthesis ONLY IF metal has
variable charge) followed by the negative ion (nonmetal).

* NaCl Sodium Chloride

* BaCl, Barium Chloride

* K,0 Potassium oxide

* KNOj; Potassium Nitrate

* Na,CO;  Sodium Carbonate

* FeCl, Iron(ll) Chloride — ferrous Chloride
s FeCl, Iron(lll) Chloride — ferric Chloride
BCES Chromium(lll) Sulfide

* (NH,);PO, Ammonium Phosphate
* Cu(NO;), Cupper(ll)nitrate
e PbO Lead(ll) oxide

Dr. LAILA AL-HARBI
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TABLE 2.3 and Anions

Cation

Names and Formulas of Some Common Inorganic Cations

Anion

aluminum (A1I'Y)
ammonium (NH )
barium (Ba” ")
cadmium (Cd” ")
calcium (Ca”™)

cesium (Cs )

chromiumdIll) or chromic (Cr' ")
)

cobalt(1l) or cobaltous (Co~"'

coppern(l) or cuprous (Cu ")
copper(Il) or cupric (Cu” ")
hydrogen (H")

iron(Il) or ferrous (Fe® ™)
iron(I11) or ferric (Fe'")
lead(1l) or plumbous (Pb~ 1)
lithium (Li")

magnesium (Mg~ ")

manganese(ll) or manganous (Mn~ ")

mercury(l) or mercurous (Hgs ™ )"
mercury(1l) or mercuric (Hg” ™)
potassium (K7)

rubidium (Rb™")

silver (Ag™)

sodium (Na ')

strontium (Sr° ")

tin(ll) or stannous (Sn” )

zinc (Zn" ")

Dr. LAILA AL-HARBI

bromide (Br )

carbonate (CO35 )

chlorate (ClOy )

chloride (Cl1 )

chromate (CrO3 )

cvanide (CN )

dichromate (Cry( )
dihydrogen phosphate (H,PO, )
fluvoride (F )

hydnde (H )

hydrogen carbonate or bicarbonate (HCO )
hydrogen phosphate (HPOS )
hydrogen sulfate or bisulfate (HSO, )
hvdroxide (OH )

iodide (17)

nitrate (NOz )

nitride (N7 7)

nitrite (NO5 )

oxide (O°7)

permanganate (MnQO, )

peroxide (O37)

phosphate (PO; )

sulfate (SO3 )

sulfide (S°7)

sulfite (SO3 )

thiocyanate (SCN )



Magnesium Sulfate

Magnesium Oxide Magnesium Sulfate

MgO MgSO4
Magnesium Ox \)

cation anion cation anion

NaF AlF,; Ca,P,

K,S Al,0,

Sodium Chloride Magnesium l-(lyc;roxide Metal - Red Nonmetal - Blue
(1) 2

ElMyFreePPT



(Cation/anion charges Element name “root” + ide
balanced) (plus Roman numeral if more than
one charge possible)




Example 2.6 PRACTIES EXERICISE 2.6

e Write the chemical formula for
the following compounds

e Write the chemical formula

for the following compounds

e Mercury()nitrite e Rubidium sulfate

e Rb,SO
Hg, (NO,), 24
e Cesium sulfide | |
Ce,S e Barium hydride
* BaH,

» Calcium phosphate
» Ca; (PO,),

Dr. LAILA AL-HARBI



Example 2.5 pb1:

Name the following compounds:
(a) Cu(NO3),
1. Cation: Copper cation (can form
Two

types of cation ->Stock system) >

Copper (IT)

2. Anion: NOj;™ anion has a common
name

Nitrate

Thus: the name of the compound is:

Copper (II) nitrate

(b) KH,PO,
1. Cation: K form only one
type of cation

> Potassium Note: not
potassium (T)

2. Anion: H,PO, has a
common name
dihydrogen phosphate
Thus: the name of the

compound is:

Potasium dihydroen
phosphate

Dr. LAILA AL-HARBI



(c) NH,CIO,
1. Cation: NH,* has a

common name
ammonium

2. Anion: ClO; has a
common name

chlorate

Thus: the name of the
compound is:

Ammonium chlorate

Example 2.6 p62:

Write chemical formulas for
the following

compounds:
(a) Mercury (I) nitrite
Roman number (I) shows
that mercury has
+1 charge — Hg,**
Nitrite is a common hame of
NO,-
Thus: the chemical formula
is:
Hg,(NO,),

H.W. Solve the practice exercise p62

>IMyFreePPT



Molecular compounds TABLE 2.4

Greek Prefixes Used in

« nonmetals or nonmetals + metalloids Naming Molecular
* CcOmMmon names Compounds
. HzO water Prefix Meaning
* NH,; ammonia mono- 1
 CH, methane dl_' 5
tri- B
 H,S hydrogen sulfide . 4
* SiH, silane penta- S
: hexa- 6
* B,H; diborane i
hepta- 7
1) Name Ist element & use a prefix (table 2.4) to octa- 8
indicate the number of atoms. oy 9
e deca- 10

e 2)Name 2nd element & include prefix for number of
atoms (see table 2.4).

* 3) Change ending of 2nd element to —ide.

Dr. LAILA AL-HARBI
D>IMyFreePPT



CHy

L. Methane

P -CJ 5 | N 2 01-
Phos‘)\\urous Pento,cklon'_d_e di nih‘oju\ +CfrbvjA_E_
gh (0

Jikudrocjm mmw_dg corbon monoutde



Note

e Note that mono- is never used for the first element

* For oxides, the ending “a” in the prefix is omitted.
* N,O, dinitrogen tetroxide not (dinitrogen tetraoxide)

* For oxides, the ending “0” in the prefix is omitted.

* N,O dinitrogen monoxide not (dinitrogen monooxide )

Dr. LAILA AL-HARBI
IMyFreePPT



Molecular Compounds

HI hydrogen 10dide
NF, nitrogen trifluoride
Br,O, Dibromine heptoxide

S0, sulfur dioxide

N,Cl, dinitrogen tetrachloride
NO, nitrogen dioxide

N,O dinitrogen monoxide

ICl, Todine trifchloride



IONIC COMPOUNDS

[ron (IIT) sulfide — Fe,S;
Silver dichromate — Ag,Cr,0,

Sodium phosphide — Na,P
Cobalt (III) nitrite — Co(NO,),

Tin(IV) chloride — SnCl,

Chromium(IIT) thiocyanate —
Cr(SCN),

Lead(IV) oxide — PbO,
Calcium phosphite —Ca;(PO;),
Arsenic(V) sulfide — As,S;
manganese(VII) oxide — Mn,0O,

1MyFreePPT

MOLECULAR COMPOUND

Tetrasulfur octoxide - S,04
* Aluminum hydride - AlH,

* Diphosphorus pentasulfide - P,Sc

* Sulfur hexafloride SF,

* Dinetrogen pentoxide P,O-

* Disulfur pentafluoride S,F,,

Dr. LAILA AL-HARBI



Which of these pairs of elements would be most likely to
form an ionic compound?

(a) PandBr
(b) CuandK
(c) CandO
(d)

(e) AlandRb

Which of these pairs of elements would be most likely to
form a molecular compound?

(a) Na and Br (b) C and O

(c) Caand O (d) Znand O

(e) Mg and CI

Dr. LAILA AL-HARBI
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Chapter 3
Mass relationships in chemical
reactions

3.1 atomic mass
3.2 Avogadro’s number and molar mass of an element
3.3 molecular mass

3.5 percent composition of compounds

3.6 experimental determination of empirical formula
3.7 Chemical Reactions and Chemical Equations
3.9 limiting reagents
3.10 reaction yield

Dr. Laila Al-Harbi




3.1 atomic mass

* Each atom have more than one isotope with
different abundance

* Average atomic Mass: the average mass of
all of the 1sotopes of an element, each one
weighted by 1ts proportionate abundance

* Science each atom have more than one 1 S
with different abundance %

% abundance of isotope 1) ( . D (% abundance of isotope 2
mass ot 1sotope 1) +

Average Atomic Mass = ( j (mass of isotope 2) + ...

100 100

Dr. Laila Al-Harbi



Average atomic mass

Average atomic mass of Lithium )
Average atomic mass of carbon

 Natural lithium is:  Natural Carbon is:
o 7.42% °Li (6.015 amu) e 1.18% 13C (13 amu)
* 92.58% ’Li (7.016 amu e 98.9% ?C (12 amu)
(7.42% x 6.015) + (92.58% x 7.016) (98.9 % x 12) + (1.18% x 13)
100 100
=6.941 amu =12.01 amu

The average atomic mass is between the atomic masses of the 1sotopes
And near the value of the highest abundance

\J



EXAMPLE 3.1

e 5Cu (30.91percent)
Atomic mass 64.9278

e 63Cu (69.091percent)
Atomic mass 62.93

(30.91% x 64.9278) + 69.091% x 62.93)

100

= 63.55amu

PRACTIES EXERICISE 3.1

« 10B (19.78 percent)
Atomic mass 10.0129
e 11B (80.78percent)
Atomic mass 11.0093

(19.78 % x 10.0129) + 80.78% 11.0093)

100

=10.81amu




Todine has two isotopes 1%¢T and 1¢’I, with the
equal abundance.

Calculate the average atomic mass of Iodine (55I).
(a) 126.5 amu

(b) 35.45 amu

(c) 1.265 amu

(d) 71.92 amu

equal abundance MEAN each atom
has abundance 50% .




3.2 Avogadro’s number and molar mass of an element

Atomic mass 1s the mass of an atom 1n atomic mass units (amu)

By definition:
1 atom 2C “weighs” 12 amu

On this scale!H =1.008 amu O = 16.00 amu

Avogadro's Number , Is the number of atoms in exactly 12
grams of carbon-12 (N, = 6.022 x 10%)

The mole (mol) is the amount of a substance that contains as man
elementary entities as there are atoms in exactly 12.00 grams of }

Dr. Laila Al-Harbi



THUS:
ohe mole of H atoms has
6.022 x 1023 atoms

&

One mole of H, molecules has
6.022 x 1023 molecules




One mole of these substances contain = 6.022 x 10%} ato
but is not equal because they have different molar masse

Dr. Laila Al-Harbi



Molar Mass

Molar mass (M): the mass (in g or kg) of one mole
of a subs’rance

————————————————————

————————————————————

_Far ONE MOLE: lamu=1g
The atomic mass of 2C is 12.00 amu = 12.00 g

atoms = has 6.022 x 1023 atoms
Thus:
The Molar Mass (M) of 12C =

11




———————————————————————————————

Molar Mass (g/mol) !

Atomic Mass (amu)
Examples:
1. The atomic mass of Na = 22.99 amu
The molar mass of Na = 22.99 g/mc

2. The atomic mass of P = 30§
The molar mass of P = 30.97%

12



Molecular Mass

* Molecular Mass (molecular weight): is
the sum of the atomic masses (in amu)
in the molecule. (MOLECULE)

* Molecular Mass: multiply the atomic
mass of each element by the number of
atoms of that element present in ‘r ~
molecule and sum over all the e

* e.g. Molecular Mass of H, ’6

(2 x atomic mass of H) + (1x atomic
(2 x 1.008 amu) + (1x 16.00 amu) =

13



Example

What 1s the molar mass of the following
compound ?

NH; , CH;COOH , Na,SO, CH;,0¢

NH; = (1x14)+(3x1) =17 g/mol

C,H,O, = (2x12)+(4x1) )+(2x16) = 60 g/mol
Na,SO,= (2%x23)+(1x32) )+(4x16) = 142 g/mol

o C.H,,0, = (6x12)+(12x1) }+(6x16) = 180 g/mol



EXAMPLE 3.5

Calculate the molecular masses ( in amu) of the following compounds ?

* Sulfur dioxide SO, =32.07+2 (16) = 64.07 amu

* Caffeine CgH,,N,0O,
= 8(12.01)+ 10 (1.008) +4(14.01)+ 2(16) = 194.20amu

Practice exercise3.5
Calculate the molecular masses of methanol?

* methanol CH,0
=1(12.01)+ 4 (1.008) + 1(16) = 32.4 amu

Dr. Laila Al-Harbi




h = humber of moles
m = mass (atom or molecule)

M = molar mass (atomic mass or molecular
mass)

What is the relation between them?

h = number of moles
N = number of atoms or molecules

N, = Avogadro's number (atoms (or
molecules)/mol)

What is the relation between them?




EXAMPLE 3.2

How many moles of He atoms are in 6.46 g of He ?

=1.61mol

n(He)—— 6.46¢2
M  4.003g/mol

How many grams of Zn are in 0.356 mole of Zn?

n(Zn)z%: m = nM

m = 0.356 mol x65.39 g/mol =23.3¢

Dr. Laila Al-Harbi



Example 3.6

 Methane is the principle component of
natural gas . How many CH, are in 6.07 g of
CH,?
m 6.06
n(He)=— &

= =0.378mol
M 16.04g/mol




Example 3.4 p84:
How many S atoms are in 16.3 g of S?

Strategy:
How many moles in 16.3 g of S= X mol
1 mole — 6.022 x10%3 S atoms
X moles — ? atoms




Solution:

From the periodic Table: The atomic mass of S =
32.07 amu

The molar mass of S = 32.07 g/mol
Thus: 32.07 g —» 1 mole of S
16.3 gof S — ? mole

Imolx16.3¢g _ 0.508 mol
32.07 g

We know: 1 mol of S — 6.022 x1023 S atom

0.508 mole — ? S atoms
6.022x10* atoms x 0.508 mol

1 mol
=3.06x10% S atoms

There is 3.06 x1023 atoms of S in 16.3 g of

‘ H.W. Solve the Pr'ac‘rlce Exerc

n=

number of S atoms =




it s
How many S atoms are in 16.3 g of S?

n(S) _m__ 163¢ =(0.508 mol
M  32.07 g/mol

n(S) = B —> N =nxN ,
N,

—(0.508 mol x6.022x10* atoms/mol
—3.06x10* atoms



How many molecules of ethane (C,H,) are present in
0.334 g of C,H;?

(a) 2.01 x 10243

(b) 6.69 x 102!

(c) 4.96 x 1022

(d) 8.89 x 1020

I molex 0.334 ¢ _ 0.011mol
30.068 g

number of molesof C,H, =

1 mole of C,H, > 6.022 x 1023 molecules of
0.011 mole of C,H, > ? molecules

0.011mol x 6.022x10* molecules
I mole
= 6.624x10*' molecules

number of moleculesof C,H, =



Example 3.7 p87:

How many hydrogen atoms are present in 25.6 g of urea
[(NH,),CO]. The molar mass of urea is 60.06 g/mol.

m 256¢
M  60.06 g/mol

n[(NH,),CO]= Nﬂ

A

— N = nxN , = 0.426 mol x6.022x10*’ molecules/mol

N =2.567x10” molecules

1 molecule[(NH,),CO] — 4 H atoms ’
2.567x10” [(NH,),CO]molecules — ?H atoms

23
number of H atoms = S STEI moleule =1.03x10* atomsr

1 molecule

=0.426 mol

n[(NH,),CO]




H.W. What is the mass, in grams, of one copper
atom?

(@) 1.055 x 10?4 g

(b) 63.55¢

(c) 1amu

(d) 1.66 x 104 g

21 Atomic mass of Cu = 63.55 amu
(e) 9.476 x 104 g )
Molar mass of Cu = 63.55 g/mol

63.55 g of Cu - 1 mol of Cu

1 mol of Cu - 6.022 x 1023 Cu atom

63.55g of Cu - 6.022x1023 Cu af;
?g of Cu -> 1 Cu atom

grams of Cu = Latom X ?3.55g =1.055x10"* g
6.022x10~ atom




3.5 Percent composition of compounds

Percent composition of an n x molar mass of element
P x 100%
element in compound = molar mass of compound
n is the number of moles of the element in 1 mole of the compound
| ‘ v . ‘ | 2 x (12.01
L %C = ( 8) x 100% =52.14%
46.07 g
| ' . 6 x (1.008
L-/ | %H = L
| 46.07 g
1x(16.
C2H6O %0 = x (16.00 g)
46.07 g

Check the 2 14% + 13.13% + 34.73% = 100.0%

answerl!

Dr. Laila Al-Harbi



Example 3.8

(o)

Calculate the percent composition
by mass of H, P, and O in H;PO,
acid ?

Molar mass of H,PO,

= 3(1.008)+ 1 (30.97) + 4(16)
3(1.008) _9

_ =97.99 amu
%oH = X 100% = 3.0864%

97.99
~1(30.97)

%P x 100% = 31.61 %

97.99
4
%0= & X 100% = 65.31%
97.99

mass of 1 element

90 Mass =

PRACTIES EXERICISE 3.8

Calculate the percent composition
by mass of H, P, and O in H,SO,
acid ?

Molar mass of H,SO,

= 2(1.00Bbod (32.7) + 4(16)
%H = 0, 0,
o377 X 100%98.02@ihu
1(32.07)
%S = x 100% = 32.486 %
98.72
%0= ﬂ x 100% = 64.83%
98.72

> 100

molar mass of compound




K2CrOa Kz2Cr207

32.9% O 40 3% K 026-59’6 K

38 . 1%

35.4% C{

Potassium chromate Potassium dichromate
40.3% K 268% Cr 32.9% O 26.5% K 354% Cr 38.1% O

51.41% S141q
2.12% 42129
eAS% 6439
100.015% 1006 g
Hydroger Hydrogen
543N 64849
Percent compasition (any amount Sucrase) Compoasition (100 g sample sucrose)

IMyFreePPT V



H.W. Calculate the percent of nitrogen in Ca(NO;),:
12.01%.
17.10%.
18%
16%.

H.W. All of the substances listed below are
fertilizers that contribute nitrogen to the soil.
Which of these is the richest source of nitrogen
on a mass percentage basis?
(a) Ureaq, (NH,),CO

(b) Ammonium nitrate, NH,NO,
(c) Guanidine, HNC(NH,),

(d) Ammonia, NH;

ol (e G s il jaae 2 ol sall o (e U
T s il e 4y 4 S| e 4 gial




Percent Composition and Empirical Formulas

Q: Determine the empirical formula of a compound that has the following
percent composition by mass: K 24.75, Mn 34.77, O 40.51 percent.

K Mn O
% —100g 24.75g 34779 40.51g
n=m/M 24.75/39.10 | 34.77/5494 | 40.51/16.00
=0.633mol =0.6329mol = 2.532mol
= on smallest no. of mole | 0.633/0.632 | 0.6329/0.632 | 2.532/0.632
=1 =1 =4
The empirical formula is K, Mn, O,
KMnO,
A
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Example 3.9 p90:
Ascorbic acid composed of 40.92% C, 4.58% H, and 54.50%

O by mass. Determine its empirical formula.

C H o)
% —100g 40.92¢g 4.58¢g 54.50g
n=m/M 40.92/12.01 4.58/1.008 54.50/16.00
= 3.407mol =4.54.mol = 3.406 mol
+ on smallest no. of | 3.407/3.406 | 0.454/3.406 | 3.406/3.406
. mole =1 =133 =1
Convert into integer x 3 3.99=4 3
3
The empirical formula o= H, O,
IS C3H4O3 A
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Determination of the Molecular Formula from the

Percent Composition by Mass

Example 3.11 p93:

A sample compound contains 1.52g of N and 3.47g of
O. The molar mass of this compound is between 92g

. Determine the molecular formula.

Solution:

L . =122 108 molof N

14.01

= ﬂ =(0.217 mol of O

n
% 16.00

R

3:-Thus the empirical formula’is: NO,

Present Composition
by Mass

N2

Empirical Formula

N2

Molecular Formula

e @ 2ud



4. The molar mass of the empirical
formula NO, = 14.01 + (2x16.00) =
46.01g

5. The ratio between the empirical
formula and the molecular formula:

6. The molecular formula is (N



PRACTIES EXERICISE 3.10

A sample of a compound containing born (B) and hydrogen (H) contains
6.444g of B and 1.803 g of (H). The molar mass of the compound is about

30g. What is its molecular formula?

1 mol B B - 0.5961
ng=6.444 g B x =0.5961 mol B : -1.0
10.81g 8 0.5961
1 mol H 1.7888
ny= 1803g H x =1.7888 mol H H: 0.5961 = 3
1.008 g H

Molar mass of empirical formula = 10.81 + 3 x 1.008 = 13.834g

The ratio between molar mass and the molar mass of empirical

formula
= molar mass / empirical formula=30g/13.834g=2

Dr. Laila Al-Harbi @




3.7Chemical reactions and chemical equations

* A process in which one or more substances is changed into one or more
new substances is a chemical reaction

* A chemical equation uses chemical symbols to show what happens during
a chemical reaction

3 ways of representing the reaction of H, with O, to form H,0

Two hydrogen molecules +  One oxygen molecule —>  Two water molecules

2H, o+ O, — 2H,0

reactants — products

Dr. Laila Al-Harbi




How to “Read” Chemical Equations
2 Mg + 0, 2 MgO

2 atoms Mg + 1 molecule O, makes 2 formula units MgO
2 moles Mg + 1 mole O, makes 2 moles MgO
48.6 grams Mg + 32.0 grams O, makes 80.6 g MgO

IS NOT
2 grams Mg + 1 gram O, makes 2 g Mg

Dr. Laila Al-Harbi




Balancing Chemical Equations

* Write the correct formula(s) for the reactants on the left side

and the correct formula(s) for the product(s) on the right side
of the equation.

 Ethane reacts with oxygen to form carbon dioxide and water

C,H,+0, —— CO,+H,0

Change the numbers in front of the formulas (coefficients)
make the number of atoms of each element the same ongf
sides of the equation. Do not change the subscript

2CH, NOT  CH,

Dr. Laila Al-Harbi
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e Start by balancing those elements that appear in only one

reactant and one product.
C,Hg + O, — CO,+H,0 start with C or H but not O

|

1 carbon :
ltipl by 2
on right multiply GO, by

C,Hg+ O, — 2CO, + H,0

| |

6 hydrogen 2 hydrogen
on left on right

C,Hg + O, — 2CO, + 3H,0

multiply H,

Dr. Laila Al-Harbi



* Balance those elements that appear in two or more reactants
or products.

C,H; + 0, — 2CO, + 3H,0 multiply O, by -5-

| | |

2 oxygen 4 oxygen + 3 oxygen = / oxygen
on left (2x2) (3x1) on right

/ remove fractio
CH.+ -—0O0,—m 2 + 3H
26 27 C0; 20 multiply both

2C,Hg + 70, — 4CO0O, + 6H,0

Dr. Laila Al-Harbi



* Check to make sure that you have the same number of each
type of atom on both sides of the equation.

2C,Hg + 70, — 4C0O, + 6H,0

4C(2x2) 4C
12 H (2 x 6) 12 H (6 x 2)
14 O (7 x 2) 140 (4x 2 +6)
Reactants Products
4C C
12 H
14 O

Never Work with Unbalanced Equations ! ! ! !



Al + O, - Al, O, * Fe,0,+CO - Fe +CO,

+CO,
2Al Te%z 3 Al,O, PR ek dRtist 269

Examp

2Al +3/20, - Al,O, * Fe,0;+1/3CO - 2Fe+1/3CO,
2(2Al +3/20, = Al,0,) + 3(Fe,0, +1/3C0 >
2Fe+1/3C0,)

4Al +30, = 2A1,0,

* Fe,0,+3C0->

Dr. Laila Al-Harbi




H.W. What is the coefficient of H,O when the equation is
balanced:

_Al,C, +_H,0- _ AI(OH), + 3CH,
13
4
6

006 oe

12

H.W. What are the coefficients of Al,C; ,H,O and AI(OH),,
respectively, when the equation is balanced:

_AlC, +_H,0—> _ AI(OH), + 3CH,

415
112 4
1,24,4
4,121

006 oPe



Amounts of Reactants and Products

Mass (g) Mass (g)
of compound A of compound B
A
Use molar Use molar
mass (g/mol) mass (g/mol)
of compound A of compound B
Y Use mole ratio
Moles of of A and B Moles of
compound A from balanced g compound B
equation

Write balanced chemical equation
Convert quantities of known substances into moles

Use coefficients in balanced equation to calculate the number of moles of the
sought quantity

Convert moles of sought quantity into desired units

Dr. Laila Al-Harbi
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If 2 mol of C,H;,0, is burned , what is the
number of moles of CO, produced?

C.H, O+ 60, — 6CO, +6H,0

Given Required

From the equation mole of C.H,,0, - produce 6 mol CO,

From the equation 2 mol C.H,,O, - x mol CO,

the number of moles of CO, produced = 2 x 6/ 1=12 mol



If 2 mol of C,H;,0, is burned , what is the
mass of CO, produced?

* If 2 mol of C(H,,0, is burned , how many
O. nroduced?
C6H1206i +60, —{6CO,|+ 6H,0

Given Required

From the equation mole of C.H,,0, - produce 6 mol CO,
From the equation 2 mol C.H,,0, - x mol CO,

the number of moles of CO, produced = 2 x 6/ 1=12 mol
the mass of CO, produced = n x molecular mass of CO,

the mass of CO, produced = 12 x44.01=528.12 g
\ ¥ 4



Example 3.13

A general over all equation for this very complex process represents
the degradation of glucose (C.H,,0,) to CO, and water. If 856 g of
C,H,,0, is consumed by person over a certain period, what is the
mass of CO, produced?

C.H,,0,+60,-> 6 H,0 +6CO,

n=m/M= 856/180.2 = 4.75 mol
From the equation mole of C.H,,0, - produce 6CO,
From the equation 4.75 mol C.H,,0, - x CO,
From the equation =4.75 x 6 / 1= 28.5

the mass of CO, produced =n x M

the mass of CO, produced = 28.5 x 44.01 =1254.35g

Dr. Laila Al-Harbi




PRACTIES EXERICISE 3.13

Methanol burns in air according to the equation

If 209 g of methanol are used up in the combustion , what mass of water is
produced?

2CH,OH |+ 30,——2C0, 4 4H,0

Given Required
n=m/M= 209/32=6.53 mol

From the equation 2 moles of CH,OH -» produce 4 mol H,0

From the equation 6.53 mol CH,OH - x mol H,0

the number of moles of H,Oproduced = 6.53 x 4/ 2=13.06 mol

the mass of H,0 produced = n x molecular mass of CO,

the mass of H,0 produced = 13.06 x18 = 235g

Dr. Laila Al-Harbi




Example 3.14

* All alkali metals react with water to produce hydrogen gas and the
corresponding alkali metal hydroxide. A typical reaction is that between
lithium and water

Li (s) + 2 H,0 (I) > 2 Li OH (aq) + H, (g)

How many grams of Li are needed to produce 9.89g of H, ?

From the equation 2 mole of Li & produce mole of H,

From the equation 2x 6.941 g Li > 2.016gH,

From the equation x g Li - 9.89 g CO,

the mass of CO, produced = 2x 6.941x 9.89 g / 2.016g
= 68.1g Li

Dr. Laila Al-Harbi




3.9 Limiting Reagent ::aall il

 Limiting Reagent: is the reactant used
up first in a reaction and thus
determine the amount of product

« Excess Reagent (=il ikl is the
reactant present in quantities greater
than necessary to react with the
quantity of the limiting reagent (the one
that is left at the end of the reaction).

» > Limiting reagent is in a reaction of
more than one reactant! ,



Limiting Reagent:

Reactant used up first in
the reaction.

ZNO + OZ_> ZNOZ
NO is the limiting reagent

O, is the excess reagent

51

Before reaction has started

‘.‘
.0‘0

Oo...

&
&
o @ 9
€ o @
® @

After reaction is complete
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Limiting Reactant
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Example:

* When 22.0 g NaCl and 21.0 g H,SO, are mixed and
react according to the equation below, which is the
limiting reagent?

2NaCl + 1H,SO, — Na,SO, + 2HCl

* nNaCl=22/58.5=0.376/2=0.188 mol
* n H,SO, =21/98 = 0.214/1 = 0.241 mol
* n NaCl (0.188 mol)<n H,SO, (0.241 mol)

« So NaCl is the limiting reagent

Dr. Laila Al-Harbi V
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Example
Consider the combustion of carbon monoxide (CO) in oxygen

gas: 2C0O(g) + O,(g) — 2CO0,(2)

Starting with 3.60 moles of CO and 4 moles of O,, calculate the
number of moles of CO, produced ?

* nCO=3.6/2=1.88 mol

* n0,=4/1=4 mol

* n CO (1.88 mol)<n O, (4 mol)

* So CO 1s the limiting reagent
From chemical eq. 2 mole CO =2 mol CO,

3.6mol =x

number of moles of CO, produced = 3.6 x 2/2 = 3.6 mol ,

Dr. Laila Al-Harbi V



Example
10.0g of aluminum reacts with 35.0 grams of chlorine gas to produce
aluminum chloride. Which reactant 1s limiting, which 1s in excess,
and how much product 1s produced?

2A1+3Cl, = 2AICIL

n Al =10/27=0.37 /2mol= 0.185 mol

n Cl, = 35/ 71=0.493 /3 = 0.164 mol

n Cl, (0.185 mol)<n Al (0.164 mol)

So Cl, 1s the limiting reagent

From chemical eq. 3 mole Cl, =2 mol AICI,
0.493 mol =x
number of moles of AICI, produced = 0.493 x 2/3 = 0.329 mol
mass of AICl; =0.329 x 133.5=43.877 g

Dr. Laila Al-Harbi V



Science Cl, is the LR so Al is the excess the amount remain

From chemical eq. 3 mole Cl, =2 mol Al
0.493 mol =x

number of moles of Al react =0.493 x 2/3 =0.329 mol

mass of Al =0.329x27=8883 ¢

The excess mass of Al = total mass Al — reacted Al
~10-8.883=1.117¢g

Dr. Laila Al-Harbi




Urea (NH,),CO is prepared by reacting ammonia with carbon
dioxide
2NH; (g) + CO, (g) — (NH,),CO (aq) + H20 (1)

In on process 637.2 g of NH; are treated with 1142 g of CO, a)
which of the two limiting reagents? b) calculate the mass of
(NH,),CO formed ? C) how much excess reagent ( in gram) is
left at the end of the reaction

n NH; = 637.2 /17=37.482 /2mol= 18.74 mol
n CO, = 1142/ 44=25.95 /1 = 25.95 mol

n NH; (18.74 mol)<n CO, (25.95 mol)

So NH,; 1s the limiting reagent

From chemical eq. 2 mole NH; =1 mol (NH,),CO
37.482 mol =x ,

number of moles of AICI; produced = 37.82 x 1/2 = 18.94 mol
mass of AICl; =18.94 x 60.06 = 1125.6 g

Dr. Laila Al-Harbi



* () how much excess reagent ( in gram) is left at the end of
the reaction

Science NH3 is the LR so CO2 is the excess the amount remain

From chemical eq. 2 mole NH3 =1 mol CO2
37.482 mol =x

number of moles of CO2 react =0.493 x 1/2 =18.74 mol

mass of CO2 =18.74 x 44 = 824.56 ¢

The excess mass of CO2 = total mass CO2- reacted CO2
=1142 -823.4=318.6 ¢

Dr. Laila Al-Harbi




PRACTIES EXERICISE 3.15

In one process, 124 g of Al are reacted with 601 g of Fe,O;

2Al + Fe,0; —Al,O; + 2Fe
Calculate the mass of Al,O; formed.

» n Al =124/27=4.59 /2mol= 2.296 mol
» nFe,0,= 601/159=3.78 /1 =3.78 mol
» n Al <n fe,0, >>>> S0 Al s the limiting reagent

From chemical eq. 2 mole Al =2 mol Al,o0,
4.59 mol =x

number of moles of AICI, produced =4.59 x 1/2 =2.296 mol
mass of AICl; =2.296 x 102 =234 ¢

Dr. Laila Al-Harbi



* nAl=124/27=4.59 /2mol= 2.296 mol
* nFe,0,= 601/159=3.78 /1 =3.78 mol

* n Al <n fe,0, >>>> So Al is the limiting
reagent

From chemical eq. 2 mole Al =2 mol Al,o,
4.59 mol =x

number of moles of AICI, produced = 4.59 x
1/2 =2.296 mol

mass of AICl; =2.296 x 102 =234 ¢

Dr. Laila Al-Harbi




3.10 Reaction Yield

Theoretical Yield is the amount of product that would
result if all the limiting reagent reacted.

Actual Yield is the amount of product actually obtained
from a reaction.

Actual Yield

% Yield = x 100

Theoretical Yield

Actual Yield is always lees .

Dr. Laila Al-Harbi




* When 22.0 g NaCl mixed with excess H,SO, and 8.95 g
HCl 1s formed .what 1s the %yield of HCI1?
2NaCl + H,SO, — Na,SO, + 2HCl

n NaCl = 22/58.5 = 0.376/2=0.188 mol

From chemical eq. 2 mole NaCl =2 mol HCI
0.376 mol =x
number of moles of HCI produced = 0.376 x 2/2 =0.376 mol

* %yield of HCI = 8.95 /13.724 x 100 = 65.21%

Dr. Laila Al-Harbi




* When 22.0 g NaCl and 21.0 g H,SO, are mixed and react according to
the equation below 8.95 g HCl 1s formed .what 1s the %yi1eld of HCI?

2Na(Cl + 1H,SO, = Na,SO, + 2HCI

* n NaCl =22/58.5=0.376/2=0.188 mol
* nH,SO,=21/98 = 0.214/1 = 0.241 mol
* n NaCl (0.188 mol)<n H,SO, (0.241 mol)

* So NaCl is the limiting reagent
From chemical eq. 2 mole NaCl =2 mol HCI
0.376 mol =x
number of moles of HCI produced = 0.376 x 2/2 =0.376 mol
mass of HCI produced = n x MM(HCI) =0.376 x 36.5 =13.724 g
* %yield of HCI = practical/theoriotical x 100

* %yield of HCI = 8.95 /13.724 x 100 = 65.21%

Dr. Laila Al-Harbi V
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 In one process, 3.54x107 g of TiCl, are reacted with 1.13x107 g of Mg
a) Calculate the theoretical yield of the Ti? b) calculate the percent
yield if 7.91x10° g of Ti are obtained ?

TiCl, (g) + 2Mg ()— Ti (s)+ 2MgCl, (1)

n TiCl,=3.54x107 g /189.68 = 1.87x10° /1= 1.87x10° mol
* nMg=1.13x10"g/24.3=1.87x10°/2 = 2.32 x10°mol

* nTiCl, <n Mg .So TiCl, is the limiting reagent
From chemical eq. 1 mole TiCl;, =1 mol Ti
1.87x10°mol =x
number of moles of Ti produced = 1.87x10°x 1/1 = 1.87x10° mol
mass of Ti produced =n x MM(HCI) = 1.87x10° x 47.88 =8.93x10° g

* %yield of Ti = practical/theoriotical x 100
* %yield of HCl1=7.91x10°/8.93x10° x 100 = 88.52%

Dr. Laila Al-Harbi
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4.5 Concentration of solutions

v The concentration of a solution is the amount of solute present
in a given amount of solvent , it can be expressed in terms of its
molarity (molar concentration)

moles of solute

Molarity (M) =

volume of solution in liters

N

d L
- gt

.7 ‘ < = JE
* Have mol and vol 2 molarity
* Have molarity and vol = mol of solute

* Have molarity and mol of solute = volume
* AND: mol of solute = grams of solute

Dr.Laila Al-Harbi



Questions_in Molarity
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Preparing a Soluiion of Kno;lvn Molarity

= Marker showing _—
kKnown volume
of solution

(<)

(b) Dr.Laila Al-Harbi () (d)
Copyright © 2006 Pearson Prentice Hall, Inc.




What is the molar concentration of 0.730 mol glucose C,H ,,0,
in 500 ml solution

/
CeH 1,06 = 0.730 mol C,H ;,0,x 1000 mL soln

500 mL 1L soln

e

= 1.46 M C.H 50,

—
\ - e
- o -
- —

Dr.Laila Al-Harbi
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Example 4.6 2 DCM, Worked Examples

How many grams of potassium dichromate (K,Cr,0;) are required to prepare a 250-mL
solution whose concentration is 2.16 M?

Strategy How many moles of K>Cr,O5 does a 1-L (or 1000 mL) 2.16 M K,Cr,0;
solution contain? A 250-mL solution? How would you convert moles to grams?

Solution The first step is to determine the number of moles of K,Cr,0; in 250 mL or
0.250 L of a 2.16 M solution. Rearranging Equation (4.1) gives

moles of solute = molarity X L soln

Thus.,

2.16 mol KzCl‘zO‘y
moles of KzCl’zO7 = T aoth X 0.250 L-soln

= 0.540 mol Ksz207

The molar mass of K,Cr,05 is 294.2 g, so we write

294.2 g KQCI'207
1 molK»Cr;,04

grams of K,Cr,05 needed = 0.540 mol K5Cr;0; X
= 159 g KzC!’zO—,
Check As a ball-park estimate, the mass should be given by [molarity (mol/L) X volume

(L) X molar mass (g/mol) ] or [2 mol/L X 0.25 L X 300 g/mol] = 150 g. So the
answer is reasonable.

Practice Exercise What is the molarity of an 85.0-mL ethanol (C,HsOH) solution
containing 1.77 g of ethanol? Dr.Laila Al-Harbi
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Example 4.7 3.81g : DCM, Worked Examples

In a biochemical essay, a chemist needs to add g of glucose to a reaction mixture.
Calculate the volume in milliliters of a 2.53 M glucose solution she should use for the
addition.

Strategy We must first determine the number of moles contained in 3.81 g of glucose
and then use Equation (4.2) to calculate the volume.

Solution From the molar mass of glucose, we write

1 mol C(,Hno(,
180.2 g CsHi305

3.81 g CgH30, X = 2.114 X 10~ mol C4H 5,04

Next. we calculate the volume of the solution that contains 2.114 X 10~2 mole of the

solute. Rearranging Equation (4.2) gives m

V=—

M
2114 X 10~% mol CgH,,06 « 1000 mL soln
2.53 mol CgH;,04/L soln | L soln
= 8.36 mL soln

Check One liter of the solution contains 2.53 moles of C4H;,04. Therefore, the
number of moles in 8.36 mL or 8.36 X 107 L is (2.53 mol X 8.36 X 10™%) or
2.12 X 107% mol. The small difference is due to the different ways of rounding off.

Practice Exercise What volume (in milliliters) of a 0.315 M NaOH solution contains

6.22 ¢ of NaOH? _ _
Dr.Laila Al-Harbi
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* What is the molarity of an 85 ml  What is the volume (in ml) of 0.315M

ethanol C,H.OH solution containing NaOH solution contains 6.22g of
1.77g of ethanol? NaQH?
Practice exercise 46— Practice exercise 4.7
* Molar mass C,H:OH F\ * Molar mass NaOH= 40g
_ =46.068¢g
n=1.47g/ 46.868=4.038 mol | n=6.22g /40g= 0.1555 mol
* M=n/v=0.038 mol/85ml == »  v=n/M=0.1555 mol / 0.315M

& =
o |v| 0452|v| j\-)v v=0.4941 = 494 m|

Dr.Laila Al-Harbi



Dilution is the procedure for preparing a less concentrated
solution from a more concentrated solution.

Calculation based on that the number of

moles of solute is constant we add only
solvent

Dilution

5O PN = Add Solvent
&5

'ﬁfiive/vs/csf solute Moles of solute
before dilution (i) = after dilution (f) ry
MV =

My,

Dr.Laila Al-Harbi



How many mL of 5.0 M K,Cr,0O, solution must be diluted to
prepare 250 mL of 0.10 M solution?

V.=? Mi =5.0M Vf =250 mL Mf = 0.10M

M. = MN/V; V=250 ml x0.1M/5ml =5 ml

If 10.0mL of 3 10.0 M stock solution of NaOH is diluted to 250 mL, what is
the concentration of thewresulting selution?
M=?_  V=10.0mL  M.=10.0M V, =250 mL

- — .
T

M, = MNV,

M. = 10ml x10M/250ml = 0.4 ml|




How would you prepare 60.0 mL of 0.200 M
HNO; from a stock solution of 4.00 M HNO,?

MV, = MV,
M,=4.00 ' M,=0.200+  V,=60 ml V,=?ml
| 3
MV
Vi— _%/=£200X6D, 0
Vi D G

Dr.Laila Al-Harbi
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Example 4.8 ; DCM, Worked Examples

Describe how you would prepare 5.00 X 10° mL of a 1.75 M H>SO, solution, starting
with an 8.61 M stock solution of H,SO,.

Strategy Because the concentration of the final solution is less than that of the original
one, this is a dilution process. Keep in mind that in dilution, the concentration of the
solution decreases but the number of moles of the solute remains the same.

Solution We prepare for the calculation by tabulating our data:

M,=86lM M =175M
V. =9 Ve = 5.00 X 10° mL

Substituting in Equation (4.3),

(8.61 M)(V:) = (1.75 M)(5.00 X 10°> mL)
_ (175 M)(5.00 X 10° mL)
i 8.61 M
= 102 mL

Thus, we must dilute 102 mL of the 8.61 M H,SO, solution with sufficient water to
give a final volume of 5.00 X 10> mL in a 500-mL volumetric flask to obtain the
desired concentration.

Check The initial volume is less than the final volume, so the answer is reasonable.

Practice Exercise How would you prepare 2.00 X 10* mL of a 0.866 M NaOH
solution, starting with a 5.07 M stock.solutiemn?



Practice exercise 4.9

How would you prepare 200,mL of 0.866 M NaOH from a stock

solution of 5.07 M NaOH? ! N

| . S M.V, = MV

Dr.Laila Al-Harbi



Problem 4.74 (page 163)

M,=0568M V,=462mL=462x10>L Calculation based on
. moles for the first Ca(NO,), solution (n,)=M,x V, that we have two

o solutions with
=0.568 M x46.2 x 103 L =0.026 mol different number of

M,=1396M V,=80.5mL=80.5x 103L moles mixed together
| , then we will
calculate the

=1.396 M x 80.5 x 103 L =0.112 mol molarity of the new
solution

. moles for the second Ca(NO,), solution (n,) =M,x V,

\
Total moles of Ca(NO,), in'the final solution = n, +n,
\ -
= 0.026 +0:112 ?_/().138 mol
A __‘__ - = . k_/
Total volume of the final solution=J + 1, &
= (462 x 103 L)+ (80.5 x 103 L) =126.7 x 103 L ii

The concentration of the final solution M = n/V

=0.138 mol / 126.7 x 10 =1.09 M

Dr.Laila Al-Harbi
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Chapter 5 Gases

» 5.1 Substances that exist s gases
» 5.2 Pressure of the gas

» 5.3 The gas laws

» 5.4 Ideal gas equation

» 5.5 Gas stoichiometry

» 5.6 Dalton’s Law of Partial Pressures




5.1 substances that exist s gases

Elements that exist as gases at 25°C and 1 atmosphere

1A 8A
2A 3A 4A S5A HA TA

Li | Be B| C|N|[O|F |Ne

Na | Mg ALl S|P s [a | Ar

B 4B B 6B B ——8B—— 1B 2B

K | Ca| S| Ti |V [C [Mn| Fe| Co| Ni | Cu|Zn | Ga | Ge | As | Se | Br | Kr

RbSrYZrNbMo‘l‘cRuRthAnglnSnSbTelx‘g_

Cs | Ba [ La | Hf | Ta | W | Re | Os | Ir | Pt | Au | Hg | TI | Pb | Bi | Po | At | Rn

Fr | Ra [ Ac | Rt | Db | Sg [ Bh | Hs | Mt | Ds | Rg




1/: IRl Some Substances Found as Gases at 1 atm and 25°C

Elements Compounds

H, (molecular hydrogen) HF (hydrogen fluoride)
N> (molecular nitrogen) HCI (hydrogen chloride)
O, (molecular oxygen) HBr (hydrogen bromide)
O3 (ozone) HI (hydrogen iodide)

F> (molecular fluorine) CO (carbon monoxide)
Cl, (molecular chlorine) CO5 (carbon dioxide)
He (helium) NH; (ammonia)

Ne (neon) NO (nitric oxide)

Ar (argon) NO, (nitrogen dioxide)
Kr (krypton) N,O (nitrous oxide)

Xe (xenon) SO, (sulfur dioxide)

Rn (radon) H>S (hydrogen sulfide)

HCN (hydrogen cyanide)*

*The boiling point of HCN is 26°C, but it is close enough to qualify as a gas at ordinary atmospheri




Physical Characteristics of Gases

Gases assume the volume and shape of their
containers.

Gases are the most compressible state of
matter.

Gases will mix evenly and completely when
confined to the same container.

Gases have much lower densities than liquids
and solids. b=




5.2 Pressure of Gases and its Units

» Pressure is defined as the force applied per unit are

Pressure = Force 3 Blaise Pascal
Area N/m

» The SI unit of pressure is Pascal (Pa) define as one Newton
per square meter ( 1Pa = N/m?)

» Standard atmospheric pressure, the pressure that supports a
column of mercury exactly 760 mm high at 0 °C at sea level.

—=dh=—
» Measured using a Barometer! - A device tha Ie
weigh the atmosphere above us! /EE\
\ %15/




Vacuum

76 cm

Atmospheric
pressure

Gas (Gas

Mercury

Baromet'er
| — A device
that can weigh the

A simple manometer, a device
for measuring the pressure of

a gas in a container

atmosphere above us!



Common Units of Pressure

Unit Atmospheric Pressure  Scientific Field Used

Pascal (Pa); 1.01325 x 10> Pa S| unit; physics,
kilopascal (kPa) 101.325 kPa chemistry

Atmosphere (atm) 1 atm Chemistry
Millimeters of mercury 760 mmHg Chemistry, medicine

(mmHg) biology
Torr 760 torr Chemistry

Pounds per square inch 14.7 Ib/in? Engineering

(psl or Ib/in?)

Bar 1.01325 bar Meteorology, chemistry




Common Units of Pressure

Remember the conversions for pressure:

/60 mm Hg = 760 torr
1 atm = 760 mm Hg
/60 mm Hg = 101.325 Pa
Convert 2.3 atm to torr:
Example ..o
2.0 atm x 760 torr = 1520 torr
I atm

-/ /'www.uhit-conversion.info/pressure.html

http:/ /www.onlineconversion.com/pressure.htm

o
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Exam ple 5.1 : DCM, Worked Examples

The pressure outside a jet plane flying at high altitude falls considerably below standard
atmospheric pressure. Therefore, the air inside the cabin must be pressurized to protect
the passengers. What is the pressure in atmospheres in the cabin if the barometer
reading 1s 688 mmHg?

Strategy Because 1 atm = 760 mmHg, the following conversion factor is needed to
obtain the pressure in atmospheres

| atm
760 mmHg

Solution The pressure in the cabin is given by

I atm

760 mmHg

pressure = 688 mmHg X
= 0.905 atm

Practice Exercise Convert 749 mmHg to atmospheres.
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Example 5.2 : DCM, Worked Examples

The atmospheric pressure in San Francisco on a certain day was 732 mmHg. What was
the pressure in kPa?

Strategy Here we are asked to convert mmHg to kPa. Because
] atm = 1.01325 X 10° Pa = 760 mmHg
the conversion factor we need is

1.01325 X 10° Pa
760 mmHg

Solution The pressure in kPa is

1.01325 X 10° Pa
760 maHg

pressure = 732 mmHg X

=076 X 10" Pa
= 97.6 kPa

Practice Exercise Convert 295 mmHg to kilopascals.

-




5.3 The gas laws

» Boyle’s Law , V - P relationship

» Charles Law , V - T- relationship

» Avogadro’s Law ,V and Amount




v=1L V=05L

» Pressure is inversely proportional to Volume
) P= Kk or V= Kk or

V P
A\ .

» PV, =k PV, = K’ “

Then : P,V, = P,V,




Example A cylinder with a movable piston has a volume of
7.25 L at 4.52 atm. What is the volume at 1.21 atm?

Given:| V, =7.25L,P, =4.52 atm, P, = 1.21 atm
. V2’ L
Find:
oo =
Plan: MIRAIRE:
\V _P eV,
PevV, =P, eV, D
Relationships:
P, eV
Solution: Vv, =-1-—1
P,
1—,
_ (4.52 aom)0(7.25 L) 97 1L
(1.212tm)

since P and V are inversely proportional, when the pressure
decreases ~4x, the volume should increase ~4x, and it does




A balloon is put in a bell jar and the pressure is reduced from 782 torr to
0.500 atm. If the volume of the balloon is now 2780 mL, what was it
originally?

Given: | V, =2780 mL, P, = 762 torr, P, = 0.500 atm

_ V;, mL
Find:

Concept Plan:
P =

V, = PyeV;

P, ® V,=P, @V, b atm = 760 torr (exactly)

Relationships:

Solution: P,eV
V, = 2P 2
l atm !
o o 0PAM (0500 atm)e (2780 L)

=1350 mL
(1.03 atm)

since P and V are inversely proportional, when the pressure
decreases ~2x, the volume should increase ~2x, and it does




Charles’ Law

» volume is directly proportional to
temperature
- constant P and amount of gas

» as T increases, V also increases
» Kelvin T = Celsius T + 273

» V = constant x T
o if T measured in Kelvin




A gas has a volume of 2.57 L at 0.00°C. What was
the temperature at 2.80 L?

Given:| V, =2.57 L, V, = 2.80 L, t, = 0.00°C
_ t;, Kand °C
Find:
o, T
T, =T, e—
o (K)—t(c>+27315V vV, _V,
Relationships: — =
T, T,
Solution: T, T,eV, t, =T, —273.15
T, =0.00+273.15 V, t, =297.6-273.15
T, =273.15K 273.15K)e(2.57 L t, =24°C
? _ )o! ) _ =297.6K
(2.80 )

since T and V are directly proportional, when the volume
decreases, the temperature should decrease, and it does




EXAMPLE

» Gas occupy 6L at 37°C what will be its volume when
its temperature decreased to the half?

V1=6L, T1=37C
V2=007, T2="T1

VI1T2=V2TI1
V1,,T1=V2TI1

V2 = %V1
V2 =14(6) = 3L

P




Avogadro’s Law

» volume directly proportional
to the number of gas
molecules
-V = constant x n
o constantPand T

> more gas molecules = larger
volume

» count number of gas
molecules by

» equal volumes of gases
contain equal numbers of
molecules

c_the gas doesn’t matter

AN\ \ T
S\ AN
A\ AN
A\ AN\
A\ \ N
A\ W\
A\ 0 \ )
) i \)




A 0.225 mol sample of He has a volume of 4.65 L. How many
moles must be added to give 6.48 L?

Given: | V, =4.65L,V, = 6.48 L, n, = 0.225 mol
_ n,, and added moles
Find:
o, =
an.: V2
nl ® 7 = n2
Relationships:; | Mol added = n, - n}! Vi _ Vo
S )
n eV, moles added =0.314—-0.225
lution: N, =
>olution: 1 Vi moles added = 0.089 mol
0.225mol)e(6.48 L
_ (0225 mol)e(648KE) _ 31, )
(4.65L)
since n and V are directly proportional, when the volume

increases, the moles should increase, and it does

oy,
\\\\\\k



v
PxV B a ft cpnsﬁoa{ I/
Cwmm\ o Ty Volume proportional

[Latw v M Low
) 8 VaT
Vdmﬁ;‘d pressure OO d)
e peoportional |
- G1AS
1~ k “ LAWS 7
& " (p 8 % Pressure fropottional

to tcmPualu.rc

o |

PV _PaVa A Uu 0 P ) )
1, T
B L B st
Gutts. ¥

Y - O "\_absolu
—AI'"“ = L(-‘ﬂ"lc)f\l Zelp



Combined Gas Law

» When we introduced Boyle’s, Charles’s, and
Gay-Lussac’s laws, we assumed that one of the
variables remained constant.

» Experimentally, all three (temperature, pressure,
and volume) usually change.

» By combining all three laws, we obtain the
combined gas law.

AV R,

7 7
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E.\’al‘llple 5.5 : DCM, Worked Examolon

An inflated helium balloon with a volume of 0.55 L. at sea level (1.0 atm) 1s allowed o
rise 1o a height of 6.5 km. where the pressure is about 0.40 atm. Assuming that the
emperature remains constant, what is the final volume of the balloon?

Strategy The amount of gas inside the balloon and its temperature remain constant,
but both the pressure and the volume change. What gas law do you need?
Solution We siant with Equation (5.9)

£V, PaVa

n, T, -7

Because iy, = n and T, = T,
Pl ". S PzV:
which is Boyle’s law [see Equation (5.2)]. The given information is tabulated:

Initial Conditions Final Conditions

Py = 1.0 aun £, = 0.40 aun
VvV, = 0.55 L V, = 2
Therefore.
P,
Vo = V; X —
- | P2
1.0 atm
= (). X —
254 0.40 atm
= 1.4 L

Check When pressure applied on the balloon is reduced (at constant temperature), the
helium gas expands and the balloon’s volume increases. The final volume is greater than
the imital volume. so the answer is reasonable.

Practice Exercise A sample of chlorine gas occupics a volume of 946 mL at a

pressure of 726 mmHg. Calculate the pressure of the gas (in mmHg) if the volume is
reduced at constant temperature to 154 ml.,




5.4 Ideal Gas Law

- By combing the gas laws we can write a general equation
e [11s called the
* the value of R depends on the units of P and V

e we will use 0.08206 ;:311; and convert P to atm and V to
L

* the other gas laws are found in the 1deal gas law 1f
two variables are kept constant

e allows us to find one of the variables if we know the
other 3

— 0 | B
e Sl

WIaZIT Univey,
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:' DCM, Worked Examples

Example 5.3

Sulfur hexafluoride (SFg) is a colorless, odorless, very unreactive gas. Calculate the pressure
(in atm) exerted by 1.82 moles of the gas in a steel vessel of volume 5.43 L at 69.5°C.

Strategy The problem gives the amount of the gas and its volume and temperature. Is
the gas undergoing a change in any of its properties? What equation should we use to
solve for the pressure? What temperature unit should we use?

Solution Because no changes in gas properties occur, we can use the ideal gas
equation to calculate the pressure. Rearranging Equation (5.8), we write

p _ MRT
V
_ (1.82 mol)(0.0821 L - atm/K - mol) (69.5 + 273) K
- 543 L
= 9.42 atm

Practice Exercise Calculate the volume (in liters) occupied by 2.12 moles of nitric
oxide (NO) at 6.54 atm and 76°C.

.




Standard Conditions

» since the volume of a gas varies with pressure and temperature,
chemists have agreed on a set of conditions to report our
measurements so that comparison is easy — we call these

o STP
» standard pressure = 1 atm

» standard temperature =273 K = 0°C

» One mole of a gas occupy 22.41 L at STP




— V=224 L —

¥ v

Molar Volume

STP (standard temperature and pressure):
22.4 L for 1mol of any gas.




Example 5-4

» Calculate the (volume in liters occupied by 7.40g
of NH; at STP

> Solution 2

» V.= nRT/P
» V =0.435 (0.0821) 273/1 =9.74 L

» Solution 2
» 1 mole occupy 22.4 L at STP
» 0.435 molex >>>>>>>>>>V =0.435 X22.4=9.74 L




EXAMPLE

» What 1s the volume of 2g  » What is the volume of 2g

O, gas at STP O, gas at 4 atm and 35°C
PV =nRT
PV =nRT
V =nRT/P
V =nRT/P T=35+273 =308 K

V=2 x0.0821 x308/32 x4
V=2x0.0821 x273/32 x 1
V=0395L
V=14L

P




Gas Density

] mol mass
mass X = moles .. moles =
molar mass molar mass
: mass 1n grams
density =

volume 1n liters

PxV =nxRxT

PxV = fmass x R xT
molar mass
mass : P x (molar mass)
= density =
\Y% RxT

» density is directly proportional to molar mass




Molar Mass of a Gas

From number of moles
calculations

v

» From density calculations

» M=dRT/P

» n=mass/ M

» PV= nRT

» PV=(mass/ /) RT
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Example 5.8 2 DCM, Worked Exampios

Calculate the density of carbon dioxide (CO;) in grams per liter (/1) at 0.990 atm and
iy AE

Strategy We nced Equation (5.11) to calculate gas density. Is sufficient information
provided in the problem? What temperature unit should be used?

Solution To use Equation (5.11). we convert temperature 1o kelvins (77 = 273 + 55 =
328 K) and use 44.01 g for the molar mass of CO,:

P
d="rr

(0.990 atm )(44.01 g/mol)

= (0.0821 m,/}( &10')(328 K) - 1.623/[,

Alternatively, we can solve for the density by writing

mass

density = volume

Assuming that we have 1 mole of CO,, the mass is 44.01 g, The volume of the gas can
be obtained from the ideal gas equation

nRT
ST
_ (1 mol)(0.0821 L. #Fitm/K Anol) (328 K)
0.990 atm
= 272 L

Therefore, the density of CO, is given by

4401 g

= SToL RO

Comment In units of grams per milliliter, the gas density is 1.62 X 10 ' g/mlL., which
is a very small number. In comparison, the density of water is 1.0 g/ml and that of
gold is 19.3 g/em’.

Practice Exercise What is the density (in g/L) of uranium hexafluoride (UF,) at
779 mmHg and 62°C?




Example 5-9

» A chemist synthesized a greensh-yellow gaseous
compound of chlorine and oxygen and find that its
denity is 7.7g/L at 36°C and 2.88 atm. Calculate
the molar mass and determine its molecular
formula.

» Molar mass = dRT/ P

,» M = 7.7g/L x0.0821x(36+273)/2.88 = 67.9
g/mol
» Mass of empirical formula (ClIO)= 35.45+16= 51.45

» Ratio = Molar mass / Mass of empirical formula =
67.9/51.45=1.3

» molecular formula. CIO,

~ffry-—
e Sl

ii
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Example 5.10 B DEM, Worked Exawaion

Chemical analysis of a gascous compound showed that it contained 33.0 percent silicon
(S1) and 67.0 percent fluonne (F) by mass. At 35°C, 0.210 L of the compound cxerted o
pressure of 1.70 atm. If the mass of 0.210 L of the compound was 2 38 ¢, calculate the
molecular formula of the compound.

Strategy This problem can be divided into two parts. First, it asks for the cmpirical
formula of the compound from the percent by mass of Si and F Second, the information
provided cnables us 1o calculate the molar mass of the compound and hence deternmine
its molecular formula. What is the relationship between empincal molar mass and molar
mass calculated from the molecular formula?

Solution We follow the procedure in Example 3.9 (p. 88) 10 calculate the emparical
formula by assuming that we have 100 g of the compound. 50 the percentages arc
converted to grams, The number of moles of Si and F are given by

1 mol Si
= 33088 X ——— = .17 i
ne, o5 8. 5 1.17 mol Si
1 mol F

— = 3.53
19.00 2 F ok X

ny = 67.0 gF X

Therefore, the empirical formula 15 Siy 12F: <5 o dividing by the smaller subscripe
(1.17), we obtain SiF,.

To calculate the molar mass of the compound. we need first o calculase the
number of moles contained in 2.38 g of the compound. From the ideal gas equation

= (170 atm)(0.210 L)
(00521 L-atm/K - mol )( 308 K)

= 00141 mol

Because there are 2.38 g in 0.0141 mole of the compound, the mass in 1 mole, or the

mokar mass, is given by
- _,—ébt—
M = -—~—~-389 =

Y Y B R G ol
The molar mass of the empinical formula SiF; is 85,09 g Recall that the ratio “
(molar massd/empirical molar mass) is always an integer (169%WS85.09 = 2). Therclore, the
molecular formula of the compound must be (SiFy). or Si,F, . W

Practice Exercise A gascous compound is 78.14 percent boron and 21.86 percent

hydrogen. At 27°C, 74.3 ml of the gas exerted a pressare of 1,12 atm. If the mass of
the gas was 0.0933 o, what is its molecular formula?




5.5 Gas stoichiometry

» Example 5.11

» Calculate the volume of O,(in L) requred for the
complete combustion of 7.64 L of (C,H,) measured at
the same T & P

» From Avogadro low v=Rn

» Volume of O,=7.64 L x5L O, /2LC,H,_19.1 L




Example 5.12

2NaN; (S) — 2 Na(s) + 3N, (9)
Calculate the volume of N, generate at 80°C

and 823 mmHg by the decomposition of 60 g
of NaNj;

- nof N, =(60/65.02) x 3/2=1.38
- PV=nRT — V=nRT/P

- V=1.38 X 0.0821 x(80+273)/ (823/760)
=30.91L

P




Dalton’s Law of Partial Pressures

Vand 7 (@

dre
constant

Combining
the gases <
D ¥ o 9
®) O
O
0,9 .
a o
@ o o




Consider a case in which two gases, A and B, are in a container of @

f

P. = nART n, is the number of moles of A 4

A |/ 0o © o ©
()
0,9

P = nBRT 1, is the number of moles of B >

B / . v ®

N g
PT: PA‘I‘ PB XA: /\/B:
My + /Iy My + /I
Pa=XaPr B=X%A~

mole fraction (X)) =
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l‘:.\"dm p'e 5- 14 : DCM, Worked Examplen

A mixture of gases contains 4.46 moles of ncon (Ne), 0.74 mole of argon (Ar), and
2.15 moles of xenon (Xe). Calculate the partial pressures of the gases if the total
pressure is 2,00 atm at & certain temperature.,

Strategy What is the relationship between the partial pressure of a gas and the toial
gas pressure? How do we calculate the mole fraction of a gas?

Solution According 10 Equation (5.14). the partial pressure of Ne (FPy.) is equal to the
product of its mole fraction (X ) and the total pressure (Fy)

oocd 10 Firsd
Pue = X5oPr
. -
-~ ~
want 1o calcelate given

Using Equation (5.13). we calculate the mole fraction of Ne as follows:

i Mo - 4.46 mol
s Pae + Nay + Bxe 446 mol + 0.74 mol + 2.15 mol
= 0.607
Therefore
Pre = XnoPy
= 0.607 X 2.00 atm
= .21 atm
Similarly,
Par = Xa Py
= 0.10 X 2.00 atm
= .20 atm
and Px. = Xx Py
= 0.293 X 2.00 atm
= 0.586 atm

Check Make sure that the sum of the partial pressures i1s equal 1o the given total
pressure: that is. (1.21 + 0.20 + 0.586) atm = 2.(X) atm.

Practice Exercise A sample of natural gas contains 8.24 moles of methane (CHy),
0421 mole of ethane (CoH). and 0,116 mole of propane (C:Hy). If the total pressure of
the gases is 1.37 atm, what are the partial pressures of the gases?




Collecting a Gas Over Water

» We can measure the volume of a gas by
displacement.

» By collecting the gas in a graduated cylinder, we
can measure the amount of gas produced.

» The gas collected is referred
to as “wet” gas since it also
contains water vapor.

Hydrogen gas

and water vapor

Water

PT: P02+PH2O

——— Sulfuric acid
solution

Zinc metal

40 Chapter 11
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Example 5.15 = DCM, Worked Exampies

Oxygen gas generated by the decomposition of potassium chlorate is collected as shown
in Figure 5.15. The volume of oxygen collected at 24°C and atmospheric pressure of
762 mmHg is 128 ml.. Calculate the mass (in grams) of oxygen gas obtained. The
pressure of the water vapor at 24°C is 22.4 mmHg.

Strategy To solve for the mass of O; generated, we must first calculate the partial
pressure of O, in the mixture. What gas law do we need? How do we convert pressure
of O, gas 10 mass of O, in grams?

Solution From Dalton’s law of partial pressures we know that
Py = Py, + Pyo
Therefore

Py — Pyo
762 mmHg — 22.4 mmHg
740 mmHg

2

From the ideal gas equation we write
m
PV = nRT = MRT
where m and M are the mass of O, collected and the molar mass of ()5, respectively.

Rearmanging the equation we obtain

_ PVAL  (7A0/760)atm(0.128 L)(32.00 g/mol)
T RT  (0.0821 L Fum/K 8nol)(273 + 240 K

=0.164 g

mn

Check The density of the oxygen gas is (0.164 g/0.128 L), or 1.28 g/L., which is a
reasonable value for gases under atmospheric conditions (see Example 5.8).

Practice Exercise Hydrogen gas gencrated when calcium metal reacts with water is
collected as shown in Figure 5.15. The volume of gas collected at 30°C and pressure of
988 mmHg is 641 ml.. What is the mass (in grams) of the hydrogen gas obtained? The
pressure of water vapor at 30°C is 31.82 mmHg.




Chapter 7
Quantum Theory and the Electronic Structure of
Atoms

v

7.1 From Classical Physics to Quantum Theory
7.3 Bohr’s Theory of the Hydrogen Atom

7.6 Quantum Numbers

7.7 Atomic Orbital's

7.8 Electron Configurations
7.9 The Building-Up Principle

Home work

p312:7.3,7.8,7.16, 7.18
p313:7.32, 7.34, 7.120
p314:7.56, 7.58, 7.62, 7.66, 7.70
p315:7.76, 7.78, 7.79, 7.84, 7.88, 7.90, 7.124
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7.1 From Classical Physics to Quantum

Theory
» Properties of Waves S
» Wavelength (1) is the
distance between identical /
points on successive waves. ,
Amplitude
» Amplitude 1s the vertical
distance from the midline of Wasclengl
a wave to the peak or trough —! Amplide
» Frequency (v) 1s the /\ {\ [\ /\ [\ {\ A /\ {\

number of waves that pass
through a particular point in v v
1 second (Hz = 1 cycle/s).

IV

The speed () of the wave = A X v

Dr Laila Al-Harbi




Electromagnetic radiation

» Electromagnetic radiation
1s the emission and
transmission of energy in
the form of electromagnetic

waves. /

» All electromagnetic
radiation travels at the
same velocity: the
speed of light (o),

Electric field component

/

All electromagnetic radiation Magnetic field component
AN AN S
g
Speed of light (¢ in vacuum = 3.00 x 108 m/s

Dr Laila Al-Harbi \ /2 i



» The wave length of the » What is the A in meter (m)

green light from a traffic of an electromagnetic

signal is centered at waves whose frequncy is

522nm . What is the 3.64 x107Hz?

frequency of this A\

radiation? R AXV

A=C/vV

C=AXV =3 x108/3.64 x107
AN =\WARSNT

=3 x108/522x10-°
= 557x10'4Hz

Dr Laila Al-Harbi




103 107! 10 10 10° 107 107 10! 1013

Wavelength (nm) | 1 1 L L 1 1 1 J
102 10" 106 10 10" 10" 10% 10 104
Frequency (Hz) | 1 1 | L 1 1 1 J
=
Gamma X rays Ultra- g Infrared Microwave Radio waves
rays violet -
I'ype of radiation | I I I 1 I I |
T A

| ) [T /
\ 1 4 o ““ ——
/ &

Sun lamps Heat  Microwave ovens, HF TV, FM radio, AM
lamps police radar, ceNglar VHEF TV radio
satellite stations telephodws
(a)
400 nm 500 600 700

_dh—
|

(b)
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Planck’s Quantum Theory

» Energy (light) 1s emitted
or absorbed 1n discrete
units (quantum).

E=hxv

EAENRDGHA

Planck’s constant (h)
h=6.63x103%].s

Dr Laila Al-Harbi



Copynght © The McGraw-Hill Companies, Inc. Permission required for reproduction or dispiay.

Example : DCM, Worked Examples

Calculate the energy (in joules) of (a) a photon with a wavelength of 5.00 X 10" nm
(infrared region) and (b) a photon with a wavelength of 5.00 X 10™2 nm (X ray region).

Strategy In both (a) and (b) we are given the wavelength of a photon and asked to
calculate its energy. We need to use Equation (7.3) to calculate the energy. Planck’s
constant is given in the text and also on the back inside cover.

Solution (a) From Equation (7.3),

C
E= h_—
A
_ (6.63 X 1077"J-5)(3.00 X 10% m/s)
B 1 X 1072
(5.00 X 10" nm) 22
I nm

=398 X 1072']

This is the energy of a single photon with a 5.00 X 10* nm wavelength.
(b) Following the same procedure as in (a), we can show that the energy of the photon
that has a wavelength of 5.00 X 10 *nm is 3.98 X 10" '°7J .

Check Because the energy of a photon increases with decreasing wavelength, we see
that an “X-ray” photon is 1 X 10° or a million times, more energetic than an “infrare

photon.

Practice Exercise The energy of a photon is 5.87 X 107°? J. What is its wavelength
(in nanometers)?

?2
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Example

When copper 1s bombarded with high-energy electrons, X
rays are emitted. Calculate the energy (in joules)
assoclated with the photons 1f the wavelength of the X rays
1s 0.154 nm.
E=hxv
E=hxc/A
E =6.63x1034(-% x3.00x 108 (m/sy/ 0.154 x 109 (rh)
E=129x10-1]




7.3Bohr’s Theory of the Hydrogen Atom

Photographic plate

High /

voltage

TN

Discharge tube

Light separated into
various components

Line Emission Spectrum of
Hydrogen Atoms

400 nm 500 600 100

Emission Spectra

Bright-line Spectra

Lithium (Li)

(univalent)
Potassium (K)

Calcium (Ca)
|

S P R T RS R
Alkaline Earth

? Elements

(divalent)

Strontium (Sr)

Barium (Ba)

A AR N R S e i e

G O R R TR e R !

L N N S o R 0 o R A g O G G AP A AU A

S R R T R

T O A R Y &

W

PP P P T T SR R

Cadmium (Cd) \ Metals
T T L T I L LT G e B LT [T L L [ R | T e K [
S R S T
S R S PRI
S O R R !

(divalent)

Mercury (Hg)

Hydrogen (H)

Neon (Ne)

Argon (Ar)
[CELTLT T TIAL LR

Emission Spectra of the
Hydrogen atom
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Bohr’s Model of
the Atom (191 3)

1. e can only have specific
(quantized) energy values

2. light is emitted as e~ moves
from one energy level to a
lower energy level E hoton

£, = R 5 ) o

n (principal quantum number) = 1,2,3,...
R, (Rydberg constant) = 2.18 x 1018

n=3

Dr Laila Al-Harbi
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-
il

2 n, o2 I

S YYYY

E
I~
-
\h
I
N

YYY
Paschen

series

I

Brackett
series

Ff

]

=)

1 1
ne /73)

' YYYYYY L\ R-y Rl The Various Series in Atomic Hydrogen Emission Spectrum
n=

ng=1 Series ny n; Spectrum Region
Lyman 1 2: 34, con Ultraviolet
Balmer 2 3.4.5; ... Visible and ultraviolet
Paschen 3 45065 i Infrared
Brackett 4 D 1&ild Al-Harbi Infrared




v

v

v

When photon is emitted
n. > ng
AE Is negative

Energy is lost to the
surrounding

v

.

v

When photon is
absorbed

n, < ng
AE iIs positive

Energy is gained from
the surrounding
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<xample 7.4 & DCM, Worked Exampies

What is the wavelength of a photon (in nanometers) emitted during a transition from the
m; = 5 state to the ne = 2 s1ate in the hydrogen atom?

Strategy We are given the inital and final states in the emission process. We can
calculate the energy of the emitted photon using Equation (7.6). Then from Equations
(7.2) and (7.1) we can solve for the wavelength of the photon. The value of Rydberg’s
constant is given in the text

Solution From Equation (7.6) we write

1 1
AE_-_R.' —2-—2)

lli n;
= 2 18 X 107'® J(-'—; - -—'—,-)
=
= —4.58 X 107'7}

The negative sign indicates that this is energy associated with an emission process. To
calculate the wavelength, we will omit the minus sign for AE because the wavelength of
the photon must be positive. Because AE = hiv or v = AE/N. we can calculate the
wavelength of the photon by writing

A=<
v
ch
AE
_ (3.00 X 10° n/s)(6.63 X 107 J-5)
458 X 1077
=434 %X 107" m

=434 X 107" m X

I nm
1 < 1077

)-4340m
m

Check The wavelength is in the visible region of the electromagnetic region (sece
Figure 7.4). This is consistent with the fact that because n, = 2, this transition gives nse
to a spectral line in the Balmer series (see Figure 7.6).

Practice Exercise What is the wavelength (in nanometers) of a photon emitted during

a transition from n; = 6 o e = 4 state in the H atom?

L R -
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/7.6 Quantum Numbers

» Electrons in multi-electron atoms can be classified
1nto a series of:

shells — subshells — orbitals

» Three quantum numbers are required to describe the
distribution of electrons in hydrogen and other atoms.

» A fourth quantum the spin quantum number —
describe the behavior of a specific electron and
completes the description of electron 1n the atom _g

g
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Principal Quantum Number, n

» The principal quantum number, 7, describes the energy level on
which the orbital resides and to distance from nucleus (size)

» The maximum number of electrons in principle quantum number
n=2n?

» The values of n are integers > 0.

» possible values of n =1, 2, 3, 4, .....

1

\&]

ls

25

3s
Dr Laila Al-Harbi m
\




Angular momentum Quantum Number, £

» related to shape of various subshells within a given shell
» Allowed values of £ are integers ranging from 0 to n — 1.

» We use letter designations to communicate the different values
of £ and, therefore, the shapes and types of orbitals.

Value of ¢ 0 1 2 3
Type of orbital S p d f
values of n values of / orbitals

1s
1 2s, 2p
; 38, 3p, 3d

UT Ldlla I-\I—I Id.lUI




/.7 Atomic orbitals

» s Orbitals W )
1s
» Value of #= 0. N
» Spherical in shape. &
2s
» Radius of sphere \

increases with increasing

value of n. \\

Dr Laila Al-Harbi



p Orbitals

» Value of £ =1.

» Have two lobes with a node between them.
» My=2€+1 =2x1+1=3
» Value of m¢é =1,0,-1 (P P)

X9zby

Z Z zZ zZ

Dr Laila Al-Harbi wa



d Orbitals

» Value of £ 1s 2. k\ *

» My=2 €+ =2x2+1 =5

X

7

N

» Value of m¢ =2,1.0,-1,-2
» (dyy»d,,,d,ddye )

A AT A

» Complex stracture

A ™

dy,

Dr Laila Al-Harbi
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Magnetic Quantum Number, m,

» Describes the three-dimensional orientation of the orbital.
» Values are integers ranging from - £ to £ :
—<m,<{.
» The number of orbitals in each subshell € equal =2 € +1
my=2{+I

» Therefore, on any given energy level, there can be up to 1 s orbital,
3 p orbitals, 5 d orbitals, 7 f orbitals, etc

Value of ¢ 0 (s) 1(p) 2(d) 3(f)
Value of m{ 0] -1, 0,+1 -1, 0,+1 -1, 0,+1
No of orbitals | 2(@+1=1| 2(1)+1=3 2(2)+1=5 23)+1=7
- 2e 6e 10e 14e
[ )y L e il
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The Pauli exclusion principle

» The “spin” of an electron describes
its magnetic field, which affects its
energy.

» The spin quantum number has only

2 allowed values: 3 2
i AN Orbital diagram

» The Pauli exclusion principle 2He TT x

» “No two electrons in the same atom 152
can have identicalvalues for all four
of their quantum numbers”. l \/
He {

S 152
| n=1,(=0, ml=0, ms=+%

i
@ @ n=1, (=0, m{=0, ms=-%
S N

Dr Laila Al-Harbi



Quantum Numbers

Principal Angular momentum Magnetic
Quantum Quantum Number Quantum
Number Number
n { m{
the energy level shape of various orientation of

(size) subshells the orbital
integers > () fromOton—1 —0<ml<{
n=1,2,3,4,.
Ne of electrons | Valueoft 10 1123/ Noof orbitals in
n=2n? each subshell ¢
Type of S\ P At oqual =20 +1
orbital

Dr Laila Al-Harbi

Spin Quantum
Number

ms

The “spin” of an
electron

+1/2 and —1/2



Energies of Orbitals

b

For a one-electron
hydrogen atom,
orbitals on the same
energy level have the
same energy.

That is, they are
degenerate.

The energies of H orbitals
increase as follows
1s<2s<3s=3p=3d<4s=4p4d
=4f

1

Energy

\

2= 2p= ==

Dr Laila Al-Harbi




The Shielding Effect (many electron atoms)

» Electrons in the smaller orbitals (lower energy) are closerto
nucleus (e.g., 1s) than electrons in larger orbitals (e.g., 2p, 3s)

» Thus they are "shielded" from the attractive forces of the
nucleus.

» This causes slight increase in energy of the more distant
electrons.

» thus 4s orbital 1s lower in energy than the 3d orbital . .

Dr Laila Al-Harbi




» As the number of electrons 4d— — — — —
increases, though, so does the 3d— — — — —
repulsion between them. 3p— — —

Energy

» Therefore, in many-electron
atoms, orbitals on the same
energy level are no longer
degenerate.

ls —

e
n

» Order of orbitals (filling) in

=t
~
\ 257 2p~
multi-electron atom < . /g L
3s 3p 3a
» 1s<2s<2p<3s<3p<4s S
<3d<4p<5s<4d<5p< /ﬂ/sp/w/;f/
P ‘ ‘ =
s /6.9; 61;; 6(1/

'

'\)
“n
~J
e~
~

|
e
/i\

=
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7.8 Electron configuration

» 1s how the electrons are

dlSt.nbuted alpong ‘Fhe \ number of electrons
various atomic orbitals in an in the orbital or subshell

atom.
1s (

The four quantum numbers

n, £, m, and m, enable us to principal quantum \ angular momentum
label completely an electron number n quantum number #
in any orbital in any atom.

Orbital diagram

The value of m, has no effect

on the energy ,size, shape ,

or orintation of an orbital, H
but it determines , how

electron are arranged in an

orbital.
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Orbital Diagrams

» Each box represents one

orbital.

» Half-arrows represent the . 1 L /‘
electrons. Ll

» The direction of the arrow 1s g

represents the spin of the
electron.

Dr Laila Al-Harbi




Example 7.6 2 DCM, Worked Examples

List the values of n, €, and m, for orbitals in the 4d subshell.

n=4,0=2,mt=-2,-1,0,1,2

Practice Exercise Give the values of the quantum numbers associated with the
orbitals in the 3p subshell.

n=3,0=1,mt=-1,0,1

Dr Laila Al-Harbi




Example 7.7 : DCM, Worked Examples

What is the total number of orbitals associated with the principal quantum number n = 3?

n=3,0=0,ml=0

n=3,0-1,mi=-1,0,1
n=3,0=2,mt=-2,-1,0,1,2

Total number of orbitals =n?=(3)2=9
Total number elecrons in orbitals = 2n2 = 2(3)? = 18 electrons

Practice Exercise What is the total number of orbitals associated with the principal
quantum number n = 47

n=4,¢=0, mt=0
n=4,0=1,mt=-1,0,1
n=4,¢=2,ml=-2,-1,0,1,2
n=4,¢=3,mt=03,2,-1,0,1,2,3

Total number of orbitals = n?> = (4)2=16

umber elecrons in orbitals = 2n? = 2(4)? = 32 electrons

Dr Laila Al-Harbi



Example 7.8 : DCM, Worked Examples

Write the four quantum numbers for an electron in a 3p orbital.

Strategy What do the “3” and “p” designate in 3p? How many orbitals (values of nig)
are there in a 3p subshell? What are the possible values of electron spin quantum
number?

Solution To start with, we know that the principal quantum number 7 is 3 and the
angular momentum quantum number € must be 1 (because we are dealing with a p
orbital).

For £ = 1, there are three values of m, given by —1, 0, and 1. Because the
electron spin quantum number m1, can be either +5 or —3, we conclude that there are
six possible ways to designate the electron using the (n, €, my, mg) notation:

(3.1, 1.+ 3.1, =1, —)
(3,1,0, +3 (3,1,0, —3)
@, L1+ 3. 11, —3)
Check In these six designations we see that the values of n and € are constant, but the

values of m¢ and m, can vary.

Practice Exercise Write the four quantum numbers for an electron in a 5p orbital.

Dr Laila Al-Harbi




Example 7.9 : DCM, Worked Examples

What is the maximum number of electrons that can be present in the principal level for
which n = 3?

Solution When n = 3. £ = 0, 1. and 2. The number of orbitals for each value of € is

given by
Number of Orbitals
Value of € 2€ + 1)
0 1
| 3
2 5

The total number of orbitals 1s nine. Because each orbital can accommodate two electrons.
the maximum number of electrons that can reside in the orbitals 1s 2 X 9, or 18.

Total number of orbitals =n?=(3)2=9

Practice Exercise Calculate the total number of electrons that can be present in the
principal level for which n = 4.

Number of Orbitals
Value of € 2¢ +1)

0

Total number of orbitals = n? = (4)2 =16

I
2
3

Dr Laila Al-Harbi
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Diamagnetism and paramagnetism

©

T !

T

Paramagnetic Diamagnetic
unpaired electrons all electrons paired
i1 o1t g
2p 2p “
a magnetic repelled by magnet (A5
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1 -Which of the following 3- How many unpaired

IS paramagnetic electrons in N atom
2

» Ar |é))) 4

» He ) 3

» N

4- How many unpaired

>_ Which of the electrons in Mg

following is dimagnatic a) 2

by O
» Mg ) &
» Na d) 3
» N
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Hund’s Rule

AN

» The most stable arrangement of electrons in subshells is
the one with the greatest number of parallel spins

N

N

1

1

1

1

1

1s 25 2p
Wity (0
1s 25 2p

Dr Laila Al-Harbi
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7.9 The Building-Up Principle

» The Aufbau principle dictates that as protons are added one to the nucleus to
build up the elements, electrons are similarly added to the atomic orbitals.

Representative elements (s,p)

transition metals (d)

Dr Laila Al-Harbi



Ions derived from representative

Ions derived from main group elements lose or gain electrons to

have noble gas electron configuration ns? np®.

isoelectronic — are atoms or ions have the same number of
electrons

Elements in same group have same valence shell configurations

e.g., group V:
N 2s% 2p°
15p 3572 3p3
BAs 452 4p3
>ISb 552 5p3
33Bi 65’ 6p°

Dr.Laila Al-Harbi



ELECTRON CONFIGURATIONS - THE GROUND STATE

H 1s! General Configurations of 1A
;L 1s22s!
2 1 A 1
;1Na 15225%2pb3s! S
2902916322041
10k 1s%25°2p°3s°3p°ds Paramagnetic , 1 unpaired electrons
292
4Be Is%2s General Configurations of 2A
,Mg 15225226352 2 A ng2
2oCa 1522522p®3523p©4s2 Diamagnetic , 0 unpaired electrons
5B 1522522p! General Configurations of 3A
21
ns-n
.\ 1522522p63523p! 3 A P

Paramagnetic , 1 unpaired electrons

C 1522s22p?2
22522p%3523p2

4A ns“np”
Paramagnetic , 2 unpaired electrons

Dr Laila Al-Harbi




ELECTRON CONFIGURATIONS - THE GROUND STATE

N 1522522p3 3
22522163523 p3 5 A ns np
15P 152522p°3s°3p Paramagnetic , 3 unpaired electrons
sO 1522522p*
6 A 21
165 1522522p®3s23p*4 nS Ilp.
Paramagnetic , 2 unpaired electrons
9 29¢29n5
F 1s42s42p 7 A nsznpS
17Cl 1522522p°3523p> Paramagnetic , 1 unpaired electrons
,He 152
1oNe 1522522p® 8 A l'lSzl'lp6

1522522p®3s23p°

Diamagnetic , 0 unpaired electrons

Dr Laila Al-Harbi



ELECTRON CONFIGURATIONS - ions

H- 152 = [Hel 100115
ns
sLi *! 1s?2 = [He] 1 A 6
;7Na *! 1522s22p® = [Ne] Lose le ns np

+1 Paramagnetic , 1 unpaired electrons
oK ] 1522522p%3s23pb = [Ar]

General Configurations of 2A

,Be 2 1s? = [He] 2 A

oMg 2 1522522pb = [Ne] Lose 2e nsznp6
9 Diamagnetic , 0 unpaired electrons
B3 1s2 = [He] 3 A General Configurations of 3A
Lose 3¢ ngznp6
3 29¢29n6 —
13Al T 1542542p° = [Ne] +3 Diamagnetic , 0 unpaired electrons
C 1 522522p2 4 A nSznp6
22522p03523p?2 +4 Diamagnetic , 0 unpaired electrons

Dr Laila Al-Harbi




ELECTRON CONFIGURATIONS - THE GROUND STATE

oN-3 1522522p® = [Ne]

" 1522522p®3s523pb = [Ar] gain 3¢ Diamagnetic , 0 unpaired electrons

-3
gO~2 1522522p® = [Ne]
6 A ns*np°
1652 1522522p®3s23pb = [Ar] , . , p
gain Q¢ Diamagnetic , 0 unpaired electrons
-2
9F- 1522s22p® = [Ne]
Cl- 1522522p®3s23p® = [Ar] 7A nsznp6
17 ST£5%£PTISTIpT = AT gain le Diamagnetic , 0 unpaired electrons
-1

Na®, AI?", F-, O?-, and N3- are all isoelectronic with Ne

ONa*, AP, 10F-, 1002-, and '"N3- isoelectronic

Dr Laila Al-Harbi



CIFerromagnetic B Antiferromagnetic

E' Paramagnetic [ Diamagnetic 3

|

11.] 12 13

Ma Mg Al

a2t [2]2 2%

K|Ca| Sc |Ti|V fin

|| @ 0| |@|la|lu|s]|s &

Rb|St| Y |Zr|Nb|Mo|Tc|Ru|Rh|Pd Sh

& .‘657"‘:'_72 R ER RS K
67 |88 |6 |70 |7t
Ho| Er [Tm|¥b(Lu
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Electron Configurations of Cations and Anions
Of Representative Elements

Na [Ne]3s! Na™ [Ne]
Atoms lose electrons so that

Ca [Ar]4s? Ca2+ [Ar] cation has a noble-gas outer

electron configuration.

Al [Ne]3s23p! AP [Ne]

H 1s! H 1s2or [He]

Atoms gain electrons so that
anion has a noble-gas outer
electron configuration.

F 1s522s22p° F 1s22s22p® or [Ne]
O 1s22s22p* 02_ 1522522p® or [Ne]
N 1s22s22p3 N3~ 1522s22p® or [Ne]

Dr.Laila Al-Harbi
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Cations and Anions Of Representat




Group --

1 Paramagnetic = +1 §
2A nSZ 0 Diamagnetic =~ +2 0% =
3A ns’np! 1 Paramagnetic =~ +3 i %N
4A ns?np? 2 Paramagnetic ~ +4 = °
5A ns?np’ 3 Paramagnetic -3 ;i
6A ns’np* 2 Paramagnetic -2 &
/A ns2np’ 1 Paramagnetic -1 g
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» The general formula of
an element in group IA
IS

» Which of the following
species is isoelectronic

with ClI- (17+1 =18)
(UMK TR
(b) 0%~ (8+2 =10)
COMTRINMRNIRIRRNSY
(d) Nat (11-1 =10)

0 S?2p® is the general formula
of an element in group

A TA
B. 2A
SNOA
D. 8A

Which of the following are have
the same number of electrons
(isoelectronic)?

(AN NN 20 24 27 713+
;N SAMMNRE NN RN
DN 20

VRN
22N20 24

olNe Mg

19 20 AP
3. 9F 10Ne 13AZ

RSN AN
& ;N NNE Al
5. Nofetfthe above




Chapter 8

Periodic Relationships Among the Elements

» 8.2 Periodic Classification of the Elements

» 8.3 Periodic Variation in Physical Properties
» Effective nuclear charge

< Atomic Radius

« Jonic Radius

» 8.4 Ionization Energy

» 8.5 Electron Affinity

<« Electronegativity (ch.9 p. 377-378)

p357: 8.5, 8.8, 8.12, 8.20, 8.24, 8.26, 8.28, 8.30, 8.32
p358: 8.36, 8.38, 8.40, 8.44, 8.46
p358: 8.52, 8.54, 8.62, 8.64

Dr.Laila Al-Harbi
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Short-hand notation

» Instead of using complete electronic configuration Short-hand notation 1s
useful

» show preceding inert gas configuration plus the additional electrons- [noble
£8S] crvious periog @dditional electron(use general electronic configuration (A)
), for d electrons (n — 1)d orbitals.

» Remember , starting from period 4 the (n — 1)d orbitals will appear ,

example

3162 1522522p63523p64523d104p! [Ar] 4523d1%4p!
3.Ge 152 2522p63523p64523d104p2 [Ar] 4523d104p?2
33AS 152 2522p63523p64523d194p3 [Ar] 4523d194p3
345€ 1522522p63523p©4s523d104p* [Ar] 4s23d104p*
3587 1522522p63523p64523d104p5 [Ar] 4523d104pS

—rin—
— PN =

1522522p%3523p64523d104p6  [Kr] /ﬂﬂ\

Dr Laila Al-Harbi
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Jaare| 2 13 14 15 16 17 [
e TABLE — T |
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s9al |omizz 10611 [12011 |1a0a07 15900
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Na | Mz Al | si| P s
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electronic configuration of transition metals

» There 1s a tendency toward half-filled and completely filled d subshells.
This 1s a consequence of the closeness of the 3d and the 4s orbital
energies.

» Some irregularities occur when there are enough electrons to half-fill s
and d orbitals on a given row.

» For instance, the electron configuration for copper *°Cu is
[Ar] 4s! 3d 'Y rather than the expected [Ar] 4s? 3d °.

» the electron configuration for 2*Cr is
[Ar] 4s! 3d 5 rather than the expected [Ar] 4s* 3d “.

» Additional exceptions are Mo 5s'4d>;  Ag 5s'4d'’; Au 6s'5d"

hat 1s reasonable considering their position on the periodic chart.
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51SC 1522522p®3s523p©4s23d' [Ar]4s23d!: para- 1 unpaired e-
11 1522522p®3523p%4s23d? [Ar] 4523d2 , para- 2 unpaired e-

i\ 15225%2p©3s23p©4s23d3 [Ar] 4523d3 para- 3 unpaired e-1

24C1 1s%25*2p°3 s23p [Ar] 4s'3d5 NOT [Ar] 4s23d*

para- 6 unpaired e-17

>sMn 1522522p®3s23p©4s23d> [Ar] 4s23d> para- 5 unpaired e-1

>cFe 1522522p®3s23p®4s23d®  [Ar] 4s23d® para- ,4 unpaired e-1
,,Co 1522522p®3s23p®4s23d’  [Ar]4s23d para- ,3 unpaired e-17
>,gNi 1522522p®3s23p®4s23d8 [Ar] 4s23d8 para-,2 unpaired e-1

,oCu 1522522p3s23pis13d10 | [Ar]4s'3d'ONOT [Ar] 4s23d°

1522522p©3s23p©4523d10 [Ar] 4523d10 diamagnetic - ,0 unpaired-egl -
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Electron Configurations of Cations of Transition Metals

When a cation 1s formed from an atom of a transition metal,

electrons are always removed first from the ns orbital and then
from the (n — 1)d orbitals.

Fe: [Ar]4523d6 , para- ,4 unpaired e_ll\/ln: [Ar]4523d5

Fe2+: [Ar]4s°3d® or [Ar]3d® para- ,5 unpaired e-1
para- ,4 unpaired e-1 Mn2+: [Ar]4s°3d> or [Ar]3d>
Fe3+: [Ar]4s°3d> or [Ar]3d> para- ,5 unpaired e-1

para- ,5 unpaired e-17

keep in mid that most transition metals can form more than
one cation and frequently the cations are not isoeletronic e

ith the preceding noble gases /ﬁﬂ\
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1 = How many unpaired electrons 3- How many unpaired
. 2 u
R electrons in Mn+2

b) 4 \

o 4 ) 4

2— How many unpaired \

electrons in Fe*3 4- How many unpaired
electrons in Mn

a\ 2 5

A N

LN 4 p

UM 4
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What 1s the ground-state
electron configuration of

Mn?
3d°

4s! 3d°
452 3d°
4s% 3d°

What is the ground-state

electron configuration of
M N +2

3d°

4s! 3d°
452 3d°
4s% 3d°

o, 555 SO, e, £

0, 55 P, P,

What 1s the ground-state

electron configuration of
Fe*?

3d°

4s! 3d°
4s2 3d°
4s2 3d°

What 1s the ground-state

electron configuration of
Fets

3d°

4s! 3d°
4s2 3d°
4s2 3d°

Dr.Laila Al-Harbi



Gallium element is found in the periodic

table in

(@) period 3, group 1B

(b) period 3A, group 4
(c) period 4, group 1A
(d) period 4, group 3A

Group Numbers on the Periodic Table

Answer (d)

4

6

Dr.Laila Al-Harbi
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8A
l 2 | 13 14 15 16 17 2

1A 2A 1 H 3A  4A 5A  GA 7A | He
3 | 4 s 2| 8 9 | 10
Li Be B C N O F Ne
1| 12 3 4 5 6 7 8 92 10 1 1213014 15)16]17]18
Na | Mg 3B 48 5B 6B 7B 8B 8B 8B 1B 2B Al Si P S Cl Ar
19 | 20 21 22 123 il 24 | 25 26 27 28 29 | 30 31 32 33 | 34 35 36
K | Ca Sc | Ti| V |[Cr |Mn|| Fe | Co| Ni | Cu| Zn | Ga [ Ge | As | Se | Br | Kr
37 38 39 40 41 42 43 B2 45 46 47 | 48 49 50 Si 52 53 54
Rb | Sr Y Zr [ Nb | Mo | Tc | Ru | Rh | Pd | Ag | Cd | In [ Sn | Sb | Te | Xe
35 56 71 72 73 74 75 76 7 78 79 80 81 82 83 84 85 86
Cs | Ba |\ [Lu | HF [ Ta | W | Re | Os | Ir | Pc | Au | Hg | Tl | Pb | Bi | Po | At | Rn

87 88 H'. 103 | 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112 114 116

Bh | Hs | Mt | Ds | Unu| Uub Uug Uuh

61 62 63 64 G5 | 66 67 68 69 70

Pm | Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb

93 94 a5 96 97 | 98 29 100 | 101 | 102

Np | Pu |Am |Cm | Bk | CF | Es | Fm | Md | No




Titanium (Ti) element is found in the periodic

table in
Group Numbers on the Periodic Table
(a) s-block s

A/ W o
: 13 145 15 16 17 [
P - OC | L'l H 3A 4A SA G6A 7A | He

5 6 7 8 9 10

d bl k BlcinN]o]| F | Ne

C - OC 6 7 8 9 10 1 12| 3|lisfis]|s]z]is

68 7B 8B &R 8B 1B 2B | Al | Si s | ca | ar

d f bl k 26 | 25 | 26 [ 27| 28| 20| 30 | 31 | 32 33 |[f34 | 35 | 26

- O C Cr |[Mn| Fe [Co | Ni | Cu| Zn | Ga | Gelll| As |[§Se | Br | Kr

; 3 sl | 42 | 43 | 44 | 45 | 46| 47| 48 | 49 | 50 52 | 53 | s4

Rb | Sr Y Zt | Nb | Mo | Tc | Ru | Rh | Pd | Ag | Cd | In Sb | Te | Xe

o| 3| 36 7t | 2| | 747576 77| 78| 79 1|8 | 8] 8| 85| se

" Cs [ Ba |} [Lu| Hf| Ta | W | Re | Os | Ir | Pt g| T | Pb | Bi | Po | At [Rn
th I m L. 87 88 \. 103 | 104 | 105 | 106 | 107 | 108 | 1 0| 111 | 112 114 ‘ 116
Th e ] 5 e e e nt | Fr | Ra \[Le | RF| Db | Sg | Bh t | Ds | Uuu| Uub Uug Uuh

L] L] L] A\ I| -

in the period 4 is RNEIE dla|e|a|lo|e|o|alon
¥\ | s t | Nd | Pm | Sm [ Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb
b I k ' 90 | 91 | 92 | 93| 94 [ 95 | 96 | 97 | 98 | 99 | 100 | 101 | 102
d) S—DIOC Ac | Th| Pa| U | Np| Pu|Am |Cm| Bk | CFf | Es | Fm | Md | No

(b) P-block
(c) d-block
(d) f-block
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Example 8.1 p328

» An atom of a certain element has 15 electrons.
Without consulting a periodic table, answer the
following questions: (P)

(a) What is the ground-state electron configuration
of this element?

1s2 2s2 2p® 3s2 3p3
(b) How should be element be classified?
Period 3, group 5A

The element is representative
element.

(c) Is the element diamagnetic or paramagnetic
paramagnetic e
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8.3 Periodic Variation in Physical Properties

» Effective nuclear charge
< Atomic Radius
<« Jonic Radius

» Effective nuclear charge

« lower effective charge on nucleus

« inner electrons shield outer electrons from nucleus

» shielding effect of electrons reduces the attraction between the

nucleus and the electrons
» repulsive forces between electrons offset the attractive forces
>

e

m
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Effective nuclear charge (Z) 1s the “positive charge” felt by an
electron.

Lot = L -0 0<o<Z(s=shielding constant)

Z.~ Z —number of inner or core electrons

Z Core Z. Radius

Na 11 10 1 186

Mg 12 10 2 160 | | Within a Period
as Z g InCreases

Al 13 10 3 143 | |radius decreases

Dr.Laila Al-Harbi
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The atomic radius

» The atomic radius i1s 2 the distance between the 2 nuclei
of the adjacent atoms.

» Atomic radius - a number of physical properties of
elements are related to the size of an atom

» Atomic radius, in general, decreases as we move from
left to right (—) 1n a row of the periodic table a Period.

» Atomic radius increases from top to bottom | in a
family or group.

—=g0=-
I]il
e
Dr.Laila Al-Harbi N\ i,/
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Within a Period atomic radius decreases

d"’

@ ¢ @ ¢ ¢ & ¢
QO © 9P @
+ QDP9 ®e
QD900 e
DOo000ee
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Example 8.2 p332

» Referring to a periodic table, arrange the
following atoms in order of increasing atomic
radius: P, S1, N

increasing ... small to large
( small) N <P < Si (large)

ey ) @ QD O QO @

<« arrange the following atoms in order of decreasing radius:
C, L1, Be

«decreasing ... large to small

(large) L1 > Be > C (small) )

" @ & ¢ &° ¢ &
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Tonic radius is the radius of anions and cations

» The 10onic radius is the radius of anions and Cations

» Anions>>gain electrons >>> ionic radius increase because the nuclear charge
remain the same but the repulsion resulting from the additional electrons enlarges
the domain of the electron

» Cations... lose electron ...ionic radius decrease because removing one or more
electron from an atom reduces electron-electron repulsion but the nuclear charge
remains the same so the electron clouds shrinks , and the cation i1s smaller than
atom

Li F Li* =
Cation 1s always smaller than atom from which it 1s formed.
ion 1s always larger than atom from which it is formed.
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Comparison of Atomic Radii with lonic Radii

300 -
Cs
250 -

N

Atom

/,/C.s*'

Rb*

b
O,
o
|

K-l-
100 — %

m Cation

50-Li*

Radius (pm)

Fo e
0 10 20 30 40 50 60
~__Atomic number

300 -

250 -

ionic radius
decrease

200 -

Radius (pm)
o
o
',

Anion jonic
radius
— |  increase
—
Cl ﬂ
Atom

I ]
10 20 30 40 50 60
Atomic number
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» Isoelectronic ions
» Cations is smaller than anions ( 'ONa*< 10F-)

» The greater effective nuclear charge of
"ONa*results in smaller radius.

» Isoelectronic cations
) ]OAI+3< ]OMg-I—Z < ]ONa—I—

» |Isoelectronic anions
, 10F- <« 100-2 < 10N-3
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lonic Radii

>
Lit Be?t
NS~} §0% -
60 31
171 140 136
3 Na+ M92+ A|3+
S
3+, + - -
s 95 65 T|4+ Cr3+Fe ¢? N|2+ 30 52 Cl
E §c3+ l V5+ | Mn2+ coz+| Zn2t Gadt
w Kt Ca% {1 Cu* Lo
= -
o 133 99 81 68 5964 80 60 72 69 96 74 62
g 7 3+ Sb*  [ge- Br
L In Sn“|
Rb* §r2t Agt Qg2+
E | 8/ ¢ 198 195
= 148 113 126 97 81 71 62
©
Pb# 5 4
Cs*t | Ba?* Au* | Hg2t T3+ Ee '
137 110 95 84 221 216
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Example 8.3

» For each of the following
pair ,indicate which is
larger

» A) 10F- 10N-3

10N-3

N B) ]OMg+2 , ]8Ca+2

» C) Fet2  Fet3

Fe*?

» For each of the
following pair ,indicate
which is smaller

> A) 18K + ,2|_i+

2 Lit

» B) 10N-3 , 18p-3
10N-3

» C) Aut |, Aut3

Au+3
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lonization energy

» Ionization energy (IE) is the minimum energy (kJ/mol)
required to remove an electron from a gaseous atom in its
ground state.

» The higher 10ni1zation energy, the more difficult it 1s to remove
the electrons.

» The first ionization energy is the amount of energy required

to remove the 15t electron frm}l an atom 1n. the gaseous state.
L+ X (g X+(g) 1L e” , Tirst 1onization ewrergy

2+ - /, second ionization ener
L+ Xg——s Xyt e 2 gy

b+ X g— X37 )+ e” /; third ionization energy

Dr.Laila Al-Harbi




» When electron is removed from atom, repulsion among the remaining
electrons decrease, because nuclear charge remains constant. More
energy 1s needed to remove another electron from the positively
charged ion.

» The IE for nonmetal is higher than metal , IE for metalloid fall between
metals and nonmetals (highest value for 8A).

» The first IE increase from left to right (—) in period.
» The first IE decrease from top to bottom () in group.

But there 1s some exceptions

A) Group 2A (ns?) higher than 3A (ns? np!) in the same period
B) Group 5A (ns? np?) higher than 6A (ns? np*) in the same period

(remember no exceptions in group).
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General Trend in First lonization Energies

2 Increasing First lonization Energy .
| -

(<)) 4 | 18
- 1A 8A
Ll 4

= 1'1 2 3 14 15 16 17 13
ol | 2A 3A° 4A 5A 6A  TA £
-Ir:U 3 4 sl e v e el e
N Li  Be B C NJj o] F|J Ne
c 1 o El i pisf e g e
@) Na B Al Si | BB S | Cl i Ar
{7 9 | so lsell sl il isalias s
- K Zn Ga Ge | As | Se | Br Kr
L 37 | s sl isold sl izl is s
(@) Rb Cd In Sn Sb Te I | Xe
C P r - y '; y _ ra e ,

N 55 1 _ _ : 80 8l g2 | s ) s 5] s
S Cs | A Hg TI Pb  Bi Po At Rn
b 37 | ! 104 ( 106 107 l08 109 | 110 112 (ns) 114~ (115 16 = 117 118
= Fr Sg  Bh Mt _
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EX am p I es » which of the following has

greatest ionization energy

which of the following has

greatest ionizl ation energy a) C
b) N
N ¢ F
\ d) Ne
K
Li
Rb

gJJAM ei AS gaaall uuﬁgég& ééhéﬁﬁd‘ OlSa G @JJAS‘ Jgaall G v
4s ganall gl 9o 9all B JTE&EA A hid 3 g0&l) 5 S3
AN A J3Y) g i) Bl B JeY) A8 8 As ganall yualis (s paic g B v
Ayl g sty
(A & 3A) ,(SA&O6A) Ui sarall yalic (b cpldl) Al B 23500
I3 50 gana (e (i dgag Jia (B Y)Y b 3sAAN da5y Y /ﬁ\

g iy,




Examples

» which of the following has
greatest ionization energy

a) C

by B

¢) Li

d O

» which of the following has
greatest ionization energy

a) C
b) N
o O
d) Ne

» which of the following has
greatest ionization energy

a) C

b) N

¢ B

d O

» Arrange the following elements in
order of increasing IE( C,N,O,Ne)

a) C<N<O<Ne
b) C<N<O<Ne
¢) Ne<N<O<C
d) C<O<N<Ne

Increasing (lowest to highest)

Decreasing ( highest to lowest)
Dr.Laila Al-Harbi



Electron affinity

» Electron affinity is the negative of the energy
change that occurs when an electron is
accepted by an atom in the gaseous state to
form an anion.

Xgte — Xy
Fig+e— Xy AH = -328 kJ/mol EA = +328 kJ/mol

Oy +e— 0, AH = -141 kJ/mol EA = +141 kJ/mol
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Electron Affinity Versus Atomic Number

G Sn

Electron affinity (kJ/mol)

e o e

ron affinity j§ fpr group IA
K Rb Cs

A I

20 30 40 50 60
Atomic number (2)

\ Dr.Laila Al-Harbi




» The EA for nonmetal is higher than metal , IA for metalloid
fall between metals and nonmetals.

» The EA increase from left to right (—) in period.
» The first EA decrease from top to bottom () in group.

» But there 1s some exceptions

A) Group 2A (ns?) lower than 1A (ns! ) in the same period

B) Group 5A (ns? np?) lower than 4A (ns? np?) in the same
period

(remember no exceptions in group).
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Examples

» which of the following has

which of the following has lowest EA
greatest EA
a) C
a) Na b) N
b) He ¢) F
¢) Li d) Ne
d Rb

gJJAM ei AS gaaall uuﬁgég& ééhéﬁﬁd‘ ObSa g @JJAS\ Jgaall G v
4s ganall Gud 558l 2 S TEQEA (4 kih 3gddl) o Sk o/
AN A J3Y) g i) Bl B JeY) A8 8 As ganall yualis (s paic g B v
A g Sy
QA & 1A) ,(SA&4A) (s ganal) pualic B dyig acty) daNY) B 3gddl) v

193l e gana (1 G pais 35 dla A YY) Lie ) B 3 gAAl Mg Y /«iﬂ\
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Examples

» which of the following has
greatest EA

a) C

b) B

¢) Li

d O

» which of the following has
greatest EA

a) C
b) N
o O
d) Ne

» which of the following has
greatest EA

a) C

b) N

¢ B

d Li

» Arrange the following elements in
order of increasing EA ( C,N,O,Ne)

a) C<N<O<Ne

b) C<N<O<Ne

¢) Ne<N<C<O

d) C<O<N<Ne
Increasing (lowest to highest)
Decreasing ( highest to lowest)
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PERIODICITY: TRENDS IN THE PERIODIC TABLE
ATOMIC RADIUS pewms o MELTING POINT

@ [ X ) O UNKNOWN
0.00-0.50 5500

o 0.50-0.75 o 0

00000 . 0000000000 o0 200-400

000000 1.00-1.25 0000000000 o0 400-700

o0 0000 1.25-1.50 ® 00000000 700-1000

0® OOO0O0O0O0OO0OOO0OOOO @1 ® 00000O0O0OO0OOOO0O 1000-1500

@ 1.752.00 1500-2000
000000000000000 @ 5 000000000000000 70003000
000000000000000 & 25700 000000000000000

3000-4000

Atomic radius decreases across a period as nuclear charge increases but shielding effects Metallic bonded and macromolecular substances tend to have high melting points. For both, this
remain approximately constant, resulting in electrons being drawn closer to the nucleus. is due to the fact that the bonds require a lot of energy to break.

Atomic radius increases down a group as valence electrons become increasingly distant from The majority of non-metals have a simple molecular structure. Simple molecular substances have
the nucleus, and shielding also increases. This leads to a increase in atomic radius despite the low melting points as only weak intermolecular forces must be overcome in order to melt them.
increasing nuclear charge down a group. Strength of these is determined by the size of the molecule.

o ELECTRONEGETMIY 4 g 0903 225 @ IONSATIONENERGY , 40008 o

O unknowN UNKNOWN
(XX X X JO 0.75-1.00 0000 0-500

000000000000000 1.00-1.25 o 0000 500-600
00000000000OCGOCO 1.25-1.50 L X X 0000 600-700
0000000000000 ® 150175 00000 000 700-800
0000000000000 OO @ 175200 O00O0O0O0O000O0O00OO 8001000

® 200250 1000-1500

® 250300 1500-2000

@ 3.004.00 2000-2500

Electronegativity is a measure of the tendency of an atom to attract a bonding pair of electrons. The first ionisation energy generally increases from left to right across a period, as the electron
Generally, electronegativity increases moving towards the top right of the Periodic Table. is drawn closer to the nucleus by the increased nuclear charge and becomes harder to remove.

This increase in electronegativity across a period is due to the increased nuclear charge and Electrons in p orbitals are slightly easier to remove than those in s orbitals of the same energy
approximately constant shielding effects resulting in a greater force of attraction to the nucleus level. Paired electrons in the same orbital can lead to repulsion, again making an electron easier
of the atom felt by the bonding electrons. to remove. Both of these factors can lead to lower than expected first ionisation energies.
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TEST: The Periodic Table, Properties, and Positions

DIRECTIONS: The Persodic Table is broken into three main GROULPS, each with specific properties.
Correctly name these groups and identify their properties using the provided choices page.
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P FEEEEEE
rSroups: rCroup: rCroup:
» Properties: » Properties: » Properties:

DIRECTIONS: The Pertodic Table is classified into nine FAAMJIIES =each with specific properties.
Correctly name these families and identify their properties using the provided choices page.
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Chapter 9
Chemical Bonding I: Basic Concepts

» 9.1 Lewis dot symbols

» 9.2 the ionic bond

» 9.4 the covalent bond

» 9.5 Electroegativity

» 9.6 Writing Lewis structures

» 9.7 formal charge and Lewis structures
» 9.8 the concept of resonance

» 9.9 the exception of octate rules




9.1 Lewis dot symbols

» When atoms interact to form chemical bond, only their outer
region are in contact

» The Octet Rule: in forming chemical bonds, atoms usually gain,
lose or share electrons until they have 8 in the outer shell to
reach the same electronic configuration of the noble gasses (ns?
np®) (except hydrogen, helium and lithium).

» Lewis Dot Representation: In the representation of an atom, the
valence electrons of an atom (outer most shell electrons) are
represented by dots.
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Lewis Dot Symbols

2 13 14 15 16 17

3 4 5 6 7 10 11 12
3B 4B 5B 6B 7B

Dr.Laila Al-harbi




Lewis dot symbols

Group 1A | 2A | 3A | 4A | 5A 6A TA S8A
Lewis Dot X X o ox “ X CX |t X
Bonding = /5 15l 4| 3| 2 1 0
electrons
nonbonding
electrons
(pair of 0 0 0 0 1 2Zir 2 4aeirs 3 6? 4 8a€i:rs
nonbonding P P pairs | P

electrons)
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examples

» What is Lewis dot structure » What is Lewis dot structure

of element in group 5 of element Z=5
X. X.
X. X.
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Types of Bonds

Bond
Types of Atoms Type of Bond . L.

YP YP Characteristic

metals to , electrons

Ionic

nonmetals transferred

nonmetals to electrons
Covalent
nonmetals shared




9.2 the ionic bond

» 10nic bond 1s the electrostatic force that hold 1ons together
in an ionic compound

- N .o o. .o o._
. > <+
| ’F. | ’F.’
1s22s?  1s22s22p> [He] 1522s22p® [Ne]

» the resulting anions & cations attract each other in such a ratio that
the charges cancel out.

» Note: Do not show the charges in the final product.
Example: KI NOT KT
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Example 9.1

» Use Lewis dot symbol to show formation of Al,O,

2 AP +3308 —— 2AIP% 3808
) [Nel  [Ne]

Na-— v
'Q:—>Na :0:]2~ —>Na,0

Na-j Na+[ )




9.4 the covalent bond

» A covalent bond 1s a chemical bond in which two or more
electrons are shared by two atoms.

- —

/e /e- 8e- 8e-

Lewis structure of F,

lone pairﬁﬁ—'ﬁs lone pairs

single covalent bond \/ ‘ .\/
l ./\ single covalent bond

one pairs——gq F:@F «—— |lone pairs

Dr.Laila Al-harbi
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Lewi r re of water i
ewis structure of wate single covalent bonds

He + .:o:- + H s @3@) or H_/:O:\_H

2e8e2e-

Double bond - two atoms share two pairs of electrons

JEE) o T=c=l

- o€ o€’ double bond
double bonds8e 8e” 8e ouble bonds

Triple bond - two atoms share three pairs of electrons

GG or N=N:
triple bond 8e-8e- T
triple bond




Electronegativity

» Electronegativity 1s the ability of an atom to attract toward itself
the electrons 1n a chemical bond.

» High electronegativity —pick up electron easily

» Electronegativity increase from left to right in(—) period.
» Electronegativity decrease from top to bottom (| )in group .
» Transition metals don’t follow these trend.

» Nonmetals have high electronegativity, metals have low
electronegativity.
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» high difference in electronegativity (2 or more ), element tend
to form 1onic bond ( metal + nonmetal) .(NaCl)

» small difference in electronegativity (less than 2), element tend
to form polar covalent bond ( nonmetal + nonmetal) .(HCI)

» Same electronegative of the same elements (equal 0 ) from
pure covalent bond (non polar covalent) ( nonmetal +
nonmetal) (H,) (F,) (N,)

Dr.Laila Al-harbi




Example 9.2

» Classify the following
bonds as 1onic, polar
covalent, or covalent

» A) HCl =3-2.1=0.9
Polar covalent

( nonmetal + nonmetal)

» b) KF =4-0.8=3.2
Ionic

( metal + nonmetal)

» ¢) C-C =2.5-2.5=0

Non polar covalent

» Classify the following
bonds as 10nic, polar
covalent, or covalent

» A) CsCl =3-1=2
Ionic
( metal + nonmetal)

» b) H,S =2.5-2.1=0.4
Polar covalent

( nonmetal + nonmetal)

» ¢) N-N =3-3=0
Non polar covalent

Dr.Laila Al-harbi



9.6 Writing Lewis structures

1. Write the skeletal structure of the compounds, using chemical
symbol and placing bonded atoms next to one another.

2. (A) determine the total number of electrons in the valence
shells of all of the atoms of the molecule, add electrons ( if
molecule have net —ve charge add electrons, if molecule have
net +ve charge subtract electrons) ...

Y. Ne of atoms (group Ne)

(B) Complete an octet for all atoms except hydrogen
> Ne of atoms (8 ) except hydrogen > Ne of atoms (2 )

4, Fmd the number of bonds by C = B-A/2

i number of lone pair of electron by D=B-C

Dr.Laila Al-harbi




Example 9.3
Write the Lewis structure of nitrogen trifluoride (NF;).

Step 1 — N 1s less electronegative than F, put N 1n center
Step 2 — A= 5X1 + 7X3 = 26 valance electrons

Step 3 — B = 8X1+8X3 =32 electrons
Step 4 - C = 32-26 =6/2=3 bonds
Step 5 - D= 26-6 =20 nonbonding electrons or 10 pair of electrons

ce °° o0 Lewis structure of NF; consist of 3
:F_N_F: single bond , 20 nonbonding
°°* I e electrons or 10 pair of electrons L

Dr.Laila Al-harbi
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Example
Write the Lewis structure of nitrogen trifluoride (NH5).

Step 1 — N 1s less electronegative than F, put N in center
Step 2 — A= 5X1 + 1X3 = 8 valance electrons

Step 3 — B = 8X1+2X3 =14 electrons
Step 4 - C = 14-8 =6/2=3 bonds

Step 5 - D= 8-6 =2 nonbonding electrons or 1 pair of electrons

single bond , 20nonbonding
electrons or 1 pair of electrons —=db=

W

. N , Lewis structure of NH; consist of 3
o H-N-H o
|

Dr.Laila Al-harbi




N H 4 T
» Step 2 — A= 5X1 + 1X4 -1 = 8 valance electrons
» Step 3 — B = 8X1+2X4 =16 electrons
» Step 4 - C = 16-8 =8/2=4 bonds
» Step 5 - D= 8-4 =4 non bonding electrons , 2 pair of

electrons
e A%
i
H-N-H
. H _

ol Gfs



9.8 the concept of resonance

» A resonance structure 1s one of two or more Lewis structures
for a single molecule that cannot be represented accurately by
only one Lewis structure (after formal charge has been
determined ).

» When number of bonds 1s more than number of atoms around
central atom , 1n this case the extra bond positions to give
resonance structure

+ - - +
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Example 9.5

Write the Lewis structure of carbon dioxide [CO5]

Step 1 — C is less electronegative than O, put C in center
Step 2 — A=4X1 + 6X3 +2 = 24 valance electrons

Step 3 — B = 8X1+8X3 = 32 electrons
Step 4 - C = 32-24 =8/2=4 bonds
Step 5 - D= 24-8 =16 nonbonding electrons or 8 pair of electrons

\-2

v v VvV VvV vV v

—

—

'/Dr.LaiIa Al-harbi
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_o. _  C Q- C ° ° C
° ° —_— ° ° .
o0 o0 o0 o0 o0 o0
H — < >
o e o e °
° o - ® e

Carbonate ion have 3 resonance structure
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9.7 formal charge and Lewis structures

» formal charge is the difference between the number of
valence electrons in an i1solated atom and the number of

electrons assigned to that atom in a Lewis structure.
formal total number

1 number )
chargeonan _ ofvalence gc;tal umbe n Number of
atom in a electrons in _ bond

: nonbonding
Lewis the free electrons
structure atom \Q J

0 S

:0 =0-0O:

6 6 6
(4+2) (2+3) (6+1)
-1
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1.

» For molecules , the sum of the charges should be zero

» For 1on , the sum of the charges should be -ve for anions
» For 1on, the sum of the charges should be +ve for cations
» formal charge and Lewis structures

For neutral molecules, a Lewis structure in which there
are no formal charges 1s preferable to one in which
formal charges are present.

Lewis structures with large formal charges are less
plausible than those with small formal charges.

Among Lewis structures having similar distributions of
formal charges, the most plausible structure 1s the one 1n
which negative formal charges are placed on the more
electronegative atoms

Dr.Laila Al-harbi




Example 9.3

» Write the Lewis structure of carbon disulfide (CS,).

» Step 1 — C is less electronegative than S, put C in center
» Step 2 — A=4X1 + 6X2 =16 valance electrons

» Step 3 — B = 8X1+8X2 =24 electrons

» Step 4 - C =24-16 =8/2=4 bonds

>

Step 5 - D= 16-8 =8 nonbonding electrons or 4 pair of
electrons

S=C=5 |

—

—_—

C=gq:

— @

3 resonance structure t S
0

Dr.Laila Al-harbi m
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Example

Write the Lewis structure of carbon disulfide (COS).

Step 1 — C is less electronegative than S&QO, put C in center
Step 2 — A=4X1 + 6X1+ 6X1 = 16 valance electrons

Step 3 — B = 8X1+8X1 +8X1=24 electrons

Step 4 - C = 24-16 =8/2=4 bonds

Step 5 - D= 16-8 =8 nonbonding electrons or 4 pair of
electrons

v Vv Vv VvV V9v VY9

S=C=0 0

0 0
L 2 *e
® — —_— ®
:S=C=0:
3 resonance structure t
-1 +1
*e 0




Example 9.8

» Draw three resonance structure for N20O
(NNO),indicate formal charge rank the
structures

556 556 556
6 46 S47 145
110 01,1 -2+1+l
A B ¢

3 resonance structure B< A < C
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Example 9.5

» Write the Lewis structure of nitrogen dioxide ion [NO,]"
» Step 1 — N is less electronegative than O, put N in center

Step 2 — A= 5X1 + 6X2 +1 = 18 valance electrons

Step 3 — B = 8X1+8X2 = 24 electrons

Step 4 - C = 24-18 =6/2=3 bonds

Step 5 - D= 18-6 =12 nonbonding electrons or 6 pair of electrons

v

v

v Vv

-10 0 0O 0 -1
[O-N=0:]«[:0=N-0:]

2 resonance structure =dh=
[
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Writing Lewis Structures

A =1X1+4X1+5X1 =10 valance electrons

B = 1 X2+8X1+8X1 =18electrons

4 bonds 2 electrons C = 18-10=8/2=4 bonds

D= 10-8 =2 electrons

Lewis structure of HCN consist of 4 bond , 1 triple bond , 0 double
bond , 2 nonbonding electrons or 1 pair of electrons




Example 9.4

» Write the Lewis structure for nitric acid (HNO;) in which the
three O atoms are bonded to the central N atom and 1onizable H
atom 1s bonded to one of the O atom.

» Step 1 —put N in center ,surrounded by 30 atoms , H bonded to
one of the O

» Step 2 — Count valence electrons 5+ (3 x 6) +1 =24
nonbonding electrons or 12 pair of electrons

I()Z

..
:QZITI- O-H
:0:

3 resonance structure
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Example 9.4

» Write the Lewis structure of formic acid (HCOOH ).

» Step 1 —put C in center ,surrounded by 20 atoms , H Step
2 — A=4X1 + 6X2 +2x1 = 18 valance electrons

» Step 3 — B = 8X1+8X2 +2 x2 =28 electrons

» Step 4 - C=28-18 =10/2=5 bonds

» Step 5 - D= 18-10 =8 nonbonding electrons or 4 pair of
electrons 3 resonance structure

{0
..
H-C-0-H

3 resonance structure

Dr.Laila Al-harbi




Write the Lewis structure of carbon dioxide [CO,]
Step 1 — C is less electronegative than O, put C in center
Step 2 — A=4X1 + 6X2 = 16 valance electrons

Step 3 — B = 8X1+8X2 = 24 electrons

Step 4 - C = 24-18 =8/2=4 bonds

Step 5 - D= 16-8 =8 nonbonding electrons or 4 pair of
electrons

U

N

% o o~ [BENE
| .o
)
+

®
R
|
)

Valence electrons: 6
—(Electrons assigned to atom): 6
0

=] I TN

Formal charge:

—dh=
Dr.Laila Al-harbi

3 resonance structure




EX ample 9.6 » Write the formal charge for
. the NO, 10n?
» Write the formal charge for

the carbonate 1on?

AHLMR 0 -N=0:
ALALAA R IR
AL

0




9.9 the exception of octate rules

» There are three types of 1ons or molecules that do not
follow the octet rule: (central atom)

1. Ions or molecules with an odd number of
electrons

2. lons or molecules with less than an octet ( the
incomplete Octet)

3. Ions or molecules with more than eight valence
electrons (an expanded octet)

Dr.Laila Al-harbi



ITons or molecules with an odd number of electrons

» Though relatively rare and usually quite unstable
and reactive, there are ions and molecules with an
odd number of electrons(radical).

N - Se-
NO O - be- @:
11e-

A = 5X1 +6X1=11

Dr.Laila Al-harbi




The incomplete Octet

» Covalent compounds containing Group 3 atoms
may be satisfied with 6 valence electrons (Be , B,
Al)

B - 3e__ R m **, 3 single bonds (3x2) =
BF; 3F - 3x7e %o oo’ 6 9 lone pairs (9x2) = 18
24e” Total = 24
oFs
Be - 2e-
BeH, 2H - 2x1e- H——Be(—H
4e-

\dh/
— ==

z g ADSVIGIIE Univey a

in,
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An expanded octet

Usually occurs in element in 3™ period and beyond
> More than 4 bonds
o Elements > row 3 can use s, p & d orbitals and have > 8 VE

» P:8O0OR10
» S: 8,10, OR 12
» Xe: 8,10, OR 12

v

v

Examples e

SE,  PF., XeF,
vy

g ADSVIGIIE Univey
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Example 9-10

» Write Lewis structure

Example 9-9

) \ PFS
» Write Lewis structure
All,
:.I. @ OIO:
A » Write Lewis structure
\ AsF; N
\ \ .o o. :F. .o o.
» Write Lewis structure oFe oFe
BekF, WG
F—Be—F ) AR

Dr.Laila Al-harbi



Example 9-11

» Write Lewis structure » Write Lewis structure
[SO4] -2 H,SO,

L H-0-5-0-H
0 10}

\dh’—
=[00=

Dr.Laila Al-harbi



Chapter 14
Chemical Equilibrium

» 14.1 the concept of equilibrium and the equilibrium constant
» 14.4 writing equilibrium constant expression

» 14.4 what does the equilibrium constant tell us

» 14.5 factors that effect chemical equilibrium

Dr.Laila Al-Harbi




The Equilibrium Constant
Equilibrium i1s a state in which there are no observable changes as
time goes by.

AA gy ThB g cCgytdDg,,
o— conc. of products

c d
. el
T [A]2 [B] b
ha conc. of reactants

equilibrium constant

a [A], [B], etc. are the equilibrium concentrations
0 K = [products] / [reactants]
O Kis a constant at a given temperature
Q Solids drop out of the expression & water drops out when the solvent is water
0 K has no unit
K >>1 ; favors products >>> Lie to the right
favors reactants >>> Lie to the left

] concentration of reactants and products
Dr.Laila Al-Harbi




14.2 Writing Equilibrium Constant Expressions

N,0, (g)— 2NO,

NO, 2 PNO
. _INOJ] . _ o, e

‘" IN,O,] P N,O, “
In most cases K. #K,

ah (g)+ bB () —— «C (g)+ dD (g
K,= K (RT) An

An = moles of

An=(c+d) oques— (@ + D) gaseous products —

K,=K_.,when An=(

reactants

moles of gaseous
reactants

Dr.Laila Al-Harbi



» Homogeneous Equilibria (all species are in the
same phase)

CH,COOH (ag) + H,A(= CH,C00(ag) + H;0'(aq)

/(‘C _ [CH,COOTJIH,O] [H,0] = constant
[CH,COOH][H,0]

~ [CH;COOI[H;0%] _
Ke=—Tch,coonr A [H:0]

g

.i—
General practice not to include units for the “
equilibrium constant.

Dr.Laila Al-Harbi



B. Heterogeneous Equilibria applies to reactions in
which reactants and products are in different phases.

CaC0, () == CaO((s)+ CO, (9))

¢ [CaO][CO,] [CaCO;] = constant
¢ [CaCO;] [CaO] = constant
¢ [CaCO,]
K.=[CO,]= K. x [Ca0] K,=Pco,

The concentration of solids and pure liquids are not
included 1n the expression for the equilibrium constant.

Dr.Laila Al-Harbi



Example 14-1

» Write the equilibrium constant expression for the following
reactions:

(a) HF (aq) + H,O (1) 2 H;0" (aq) + F-(aq) Homogeneous
(b) 2NO (g) + O, (g) =2 NO, (g) Homogeneous
(¢) CH;COOH (aq) + C,H;COH (aq) 2 CH;COOC,H;+ H,O0 (¥)

v~ [H0"J[F] v _INO,T
" [HF] ° [NOJ{O,]
g —[CH.COOC,H] . P

[CH,COOH] [C,H.COH] P pr _pr_

Dr.Laila Al-Harbi




Example 14-2

» The equilibrium concentrations
2NO (g) + 0, (g) 22 NO, (g) Homogeneous

at 230°C are [NO] =0.0542 M, [O,] = 0.127 M, and [NO,] = 15.5
M. Calculate the equilibrium constant K.

© INO,P
° [NOJO,]
o Lokl = 6.44 x 105

c

[0.0542]2[0.127]

Dr.Laila Al-Harbi



Example 14-3

» The equilibrium constant K, for the reaction
2NO, (2) = 2NO (g)+0,(g) Homogeneous

» is 158 at 1000K. What is the equilibrium pressure
of O, if the A, = 0.400 atm and Ay = 0.270 atm?

2
PNOPOZ
Kp: >
PN02
Pio
PNO

I Po,=158 x (0.400)%/(0.270)*> =347 atm




Example 14-4

» Methanol 1s manufactured industrially by the reaction
CO(@ +2H, () 2 CH;0H(g) Homogeneous

K. = 10.5 at 220°C. What 1s the value of K  at this temperature

K, =K, (RT)™
An=1-3=-2

K, =K, (0.0821x 493)= = 6.41 x 10~

Dr.Laila Al-Harbi




Example 14-5

» Write the equilibrium constant expression for the following
reactions:

(a) (NH,),Se (s) 2 2NH; (g) + H,Se (g) Heterogeneous

(b) AgCl (s) 2Ag" (aq) + CI' (aq) Heterogencous
(c) P, (s) + 6Cl,(g) 2 4PCl;(f) Heterogeneous

K. = [NH,]’> [H,Se] K, = Pyus® Prose

K.=[Ag" P [Cr]
1
[CL]°

K =

c
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Example 14-6

Consider the following equilibrium at 295 K:
NH_,HS (s) 2 NH; (g) + H,S (g) Heterogeneous

The partial pressure of each gas 1s 0.265 atm. Calculate K, and
K. for the reaction?

K, = PNHfHZS: 0.265 x 0.265 = 0.0702

K,= K (RT)*

K.= K (RT)™n
An=2-0=2 T=295K

K.=0.0702 x (0.0821 x 295)2?=1.20x 10

Dr.Laila Al-Harbi



Q: What is K, in terms of K, for the following
reaction ?

2NO(g)+0,(g) <> 2NO,(g)
A. K, = KRT
°. Kp - KC/RT Solution:
C. K,= KR/T A
D. Kp - KC Kp :Kc(RT) )
E. Kp: K./(RT)? An=2-3=-1
K,=K,(RT)" = X

RT

12




14.4 what does the equilibrium constant tell us

» A) Predicting the direction of a reaction

» The reaction quotient (Q ) 1s calculated by substituting the initial
concentrations of the reactants and products into the equilibrium constant (K )
expression.

» 1F
Q. > K_ system proceeds from right to left to reach equilibrium
Q.= K, the system is at equilibrium

0. <K_ system proceeds from left to right to reach equilibrium
» B) Calculating equilibrium concentration

1. Express the equilibrium concentrations of all species in terms of the initial
concentrations and a single unknown x, which represents the change in concentration.

2. Write the equilibrium constant expression in terms of the equilibrium concentrations.
Knowing the value of the equilibrium constant, solve for x.

iPalyed for x, calculate the equilibrium concentrations of all species.

Dr.Laila Al-Harbi



A) Predicting the direction of a reaction

‘ Q has the same form as K, ... but uses existing concentrations ‘
n-Butane —— iso-Butane o
0.25 — 035 Ke=2.3
[is()] _ 0.35

Q= = 1.40

m]  0.25

Since Q (1.4) <Kc (2.5) , the system at equilibrium

To reach equilibrium [1so-Butane] must increase
and [n-Butane] must decrease. ——dh=

wint sy
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Example 14.8

N, (g) +3H,(g) 2 2NH,; (g) Homogeneous

» 0.249mol,N, , 3.2x102 mol H, 6.42x10* mol NH;in A 3.50 L at 375°C , kc=
1.2, Decide whether the system 1s at equilibrium 1f it 1s not predict Wthh way
the net reaction will proceed.

Q c= [NH3]2

[N,] [H,P
Since the molarity = number of moles /volume in L , M=n/Vin I

[N,] = 0.249/3.50 L=0.0711 M

[H,]-=3.2x102/3.50 L=9.17 x10° M

[NH;]-=6.42x10/3.50 L=1.83 x10* M

Qo- M [183x107F — 0611
[N, [H,]* [0.07117[9.17 x10°]?

Since Q (0.611) <Kc (1.2) system , the system at equilibrium

ch equilibrium [NH;] must increase and [N,], [H,] must decrease.

roceed from left to right untial equilibrium is reached .
Dr.Laila Al-Harbi



B) Calculating equilibrium concentration

cis-stilbene — trans-stilbene Kc =24

Step 1 Define equilibrium condition in terms of initial condition and a
change variable

[cis-stibene] [trans-stibene]
Initial 0.85 0
At equilibrium 0.85-x X

Step 2 Put equilibrium Conic. into K, .
[trans — stibene] X

[cis — stibene] 0.850 —x \m/
Step 3. Solve for x. 24(0.85-x) = x =20.4 — 24x=x

25x=20.4>>>>>>x = 0.816 M

At equilibrium |[c1s-stilbene] =0.85—0.816 = 0.034 M
[trans-stilbene] = x = 0.816 M

Dr.Laila Al-Harbi




Example 14.9
Hy(g) + I,(g) —— 2HI(R) K =543

Step 1 Define equilibrium condition in terms of initial condition and a
change variable

[H,] L] [HI]
Initial X X 0
At equilibrium 0.5-x 0.5-x 2X
Step 2 Put equilibrium Conic. into K, . [H 1 ]2
[H2] [I2 ]

Step 3. Solve for x. 54.3 = (2x)%/(0.5-x)?
Square root of both sides & solve gives: 7.369 = 2x/0.5-x

x = 0.393
[H,] = [L,] = 0.5-0.393 = 0.107 M
[HI] = 2x = 0.786 M

At equilibrium

Dr.Laila Al-Harbi



14.5 tactors that etfect chemical equilibrium

» Le Chatelier’s principle , If an external stress 1s applied to a
system at equilibrium, the system adjusts in such a way that
the stress 1s partially offset as the system reaches a new
equilibrium position.

factors that effect chemical equilibrium

—
u

Changes 1n Concentration

2. Changes in Volume and Pressure

3. Changes in Temperature
4. Adding a Catalyst

Dr.Laila Al-Harbi




Changes in Concentration

N, (g) + 3H, (g) ——=2NH; (g)

I

Add
NH,

Equilibrium
shifts leftto <+—
offset stress

Change

Increase concentration of product(s)

Decrease concentration of product(s)
Increase concentration of reactant(s)
Decrease concentration of reactant(s)

Shifts the Equilibrium

left
right
right

left

Dr.Laila Al-Harbi



Example 14.11

» N, (g) +3H,(g) 2 2NH,;(g) >>>> Kc=2.37x103, T=720°C

Equilibrium shifts 1

le(%t to offset stress Add
NH;

[N,] =0.683 M

[H,] = 8.800M

[NH;] = 1.05M the concentration increase to 3.65 M

Calculate Qc compare 1t value with K¢

NH,]* 3.65
N, - O%) 5 86x102

[N,][H,]®  0.683 x (8.8)°

because Qc (2.86x10?) > Kc (2.37x10%) , The net reaction
direction from right to left until Qc = Kc ==

Dr.Laila Al-Harbi N\ e =i,/



Changes in Volume and Pressure

An = 1s the number of

A(g)+B(g)— C (g moles for substance in

gaseous products

o
»

<

&gaseous reactants

An=n n

products ~ " reactants

Note: Pressure and volume are inversely proportional.

Because the pressure of gases 1s related directly to the concentration
by P =n/V, changing the pressure by increasing/decreasing the
volume of a container will disturb an equilibrium system.

Change Shifts the Equilibrium
Increase pressure (decrease volume) Side with fewest moles of gas

Decrease pressure (Increase volume) Side with most moles of gas

Dr.Laila Al-Harbi




Example 14.12

» Predict the net reaction direction (increasing P & decreasing V)

(a) 2 PbS (s) +30,(g) 2 2PbO(s) + 2HS, (g)
An=n products <n reactants 2<3
When the volume of an equilibrium mixture of gases is reduced, a net

change occurs in the direction that produces fewer moles of gas (left to
right toward product).

(b) PCly (g) <= PCls(g) + Cl, (g)
An=n products >N reactants 2>1 =1
When the volume of an equilibrium mixture of gases is reduced, a net
change occurs in the direction that produces fewer moles of gas (right
to left toward reactant).

(c) H, () + CO,(g) @ H,0(g) + CO(g)
An=n products =N yeactants 2-2=0
The change in P,v has no effect on the equilibrium .
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Example

» Which of the following
increasing pressure will shift
equilibrium to left

(a) 2 PbS (s) +30, (g) 2 2PbO(s)
+ 2HS, (g)

(b) PCl;s (g) < PCly(g) + Cl, (g)

(c) H, (g) + CO,(g) 2 H,0(g) +

CO(g)

(d) No correct answer

» Which of the following
increasing pressure will cause no
change in equilibrium

(a) 2 PbS (s) + 30, (g) 2 2PbO(s) +
2HS, ()

(b) PCl5 (g) < PCly(g) + Cl, ()

(c) H, (g) + CO,(g) = H,0(g) + CO(g)

(d) No correct answer
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Changes in Temperature

Change Exothermic - AH Endothermic +AH
Increase temperature K decreases K increases
Decrease temperature K increases K decreases
Adding a Catalyst

* does not change K
* does not shift the position of an equilibrium system

* system will reach equilibrium sooner

Potentlcnergy

Potental nergy
b2
+
v
N
N
+
v

un cataTVEoé amgmss catal yzédn erry—

Catalyst lowers £, for both forward and reverse reactions
st does not change equilibrium constant or shift equilibrium.
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Le Chatelier’s Principle

Change Equilibrium
Change Shift Equilibrium Constant
Concentration yes no
Pressure ye€Ss no
Volume yes no
Temperature yes yes

Catalyst no no
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LE CHATELIER'S PRINCIPLE

STRESS

SHIFT

WHY?

increase concentration of
a substance

away from substance

extra concenltration
needs to be used up

decrease concentration
of a substance

towards substance

increase pressure of
system

3

towards fewer moles of
gas

decrease pressure of
system

towards more moles of
gas

need to produce mare of
substance to make up for
what was removed

——— —— e S————

for gas: pressure increase =
volume decrease

p- —————— - ——t

for gas: pressure decrease
= volume Increase

increase temperature of
system

away from heat/ energy

exothermic reaction Is
favored

extra heal/ energy mus!
be used up

decrease temperature of
system

fowards heat! energy
exothermic reaction is favored

more heat! energy needs lo be
produced to make up for the
loss

add a catalyst

NO SHIFT

he rades of both the forward and reverse
reactions e wraased by the namws

Aot
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Example 14.13
» Predict the net reaction direction a) 1f RXN heated at constant V,
b) some N,F, removed at constant T&V c) Decrease P?
d) catalyst is added
N,F,(g) =2 2 NF, (g0 >> AH=38.5 kJ/mol

» a) AH>0 >>endothermic reaction ,T increase, K increase, a net change occurs in
the direction 1s from left to right toward product).

» b) Conc. of the reactant decrease the system shift right to left ( some NF,
combines to produce N,F,)

» ¢) P decrease the system shift left to right .

» d) 1f catalyst is added to reaction mixture ,the reaction will reach equilibrium
ter but no change in the change equilibrium constant or shift equilibrium.

Dr.Laila Al-Harbi



Q: Which of the following will result in an
equilibrium shift to the right?

PCL(g)+CL(g) <> PClL(&)errrrem... AH = —87.9 kJ/mol

Increase temperature/increase volume
Increase temperature/decrease volume
Decrease temperature/increase volume

Decrease temperature/decrease volume
None of the above

28



Chapter 15

Acids and Bases

» 15.2 the Acids and Bases properties of water

» 15.3 PH- a measure of acidity
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Acids and Bases

» Acid: Substance that produces hydrogen ions in
water solution.

HCI (aq) — H"(aq) + Cl(aq)

» Base: Substance that produces hydroxide ions in
water solution.

NaOH (aq) — Na*(aq) + OH (aq)

» An acid neutralizes a base
H"(aq) + OH (aq) — H20()
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15.2 the Acids and Bases properties of water

» water is unique solvent , it can act as acid or base.
» In pure water, a few molecules act as bases and a few act as acids.

H,On + H,O0n = =~ H3;0%@9 + OH (ag)

acid(1) + base (1) — acid(1) +  base (1)

» This 1s referred to as autoionization of water
» The equilibrium expression for this process is

K. =[H;0"] [OHT]

» This special equilibrium constant is referred to as the ion
constant for water, K ..

At25°C, K, =1.0 x 1014
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In pure water,

K, =[H;O][OH]=1.0x 1074
Because in pure water [H;O0"] = [OH],
[H,O"]=(1.0 x 107%)12=1.0 x 1077

In acidic solution

[H30*] > [OH]

In basic solution

[H30*] < [OH]
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Example 15.2

» Calculate the [H'] ions in
ammonia , [OH] =0.0025 M

K,=[H,0"] [OH]=1.0 x 10~4

v

Calculate the [OH] ions in a
1.3 M HCI.

2L
v

K,=[H,0*][OH]=1.0 x 10~

v

[OH] = 1.0 x 1071/ [H,0"]

v

[H,0"] = 1.0 x 10~/ [OH]

v

[OH]=1.0 x 1014/ 1.3

by

[H,07] = 1.0 x 10714/ 0.0025
[OH]=7.7x 1015M

v
v

[H,0*] =4.0 x 102 M
.
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15-3 pH - A Measure of Acidity

» pH 1s defined as the negative base-10 logarithm of the hydronium
1on concentration.

pH = —log [H;0"] .... [H,O"] = 10PH

» In the same manner
pOH = —log [OH"] ..... [OH"] =10P°H

» In the same manner
pK,, =—log [14x10*]= 14

» In pure water,

pH + pOH = 14
pH=pOH =7
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pPH Range

O 1 2 345 6 78 9 10 11 12 13 14

<€ >
Increase the acidity Neytral Increase the basisty

[H"]>jon [H*] = [OH] [OH >
pH=pOH =7 pH >7

pH <7
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Example 15.3

» The [HT][=3.2 x 10* M. » The [H"]=0.76 M, nitric
» The [H']=1.0 x 10> M. acid solution ,What is the
What 1s the pH 1n the two pH .
occasions.
» pH =—log [H;07] » pH = —log [H;07]

» pH=—log3.2x 104=349 * PH=-log0.76=0.12

» pH=—log 1.0 x 103 =3.00

—dh=
» [H;0"] increase ,pH /iﬂ\
decrease >>> more acidic

z g ABSUIGIIE Uniygry, > a
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Example 15.4

» The pH =4.82 , What is the
[H'] of the rain water .

» [H,0*] = 10-PH
) [H3O+] = 10482

» [Hi0*] = 1.5 x 10-°M

» The pH = 3.33 , What 1s the
[H'] of orange juice

» [H;OT]=10PH
» [H,07] = 10333
» [H,0%] =4.7 x 10*M

_\_dh/_.
— —
EL)

z g ABAVIGXIE Unive, sy E
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Example 15.5

» The [OH]=2.9 x 10* M. » The [OH]=2.5 x 107 M.
What 1s the pH of the NaOH What 1s the pH of solution
solution the blood?

» pOH = —log [OH]
» pOH =—log [OH]

» pPOH =-log29x 10%=

354 » pOH =—log 2.5 x 10”7

pH +pOH = 14 pH + pOH = 14
pH = 14 — pOH pH = 14 — pOH

= 14-3.54=10.46 T

Dr Laila Al-Harbi



Acidic solution basic solution

l |

[H;0'] % [OH]=1.0x10"

! !

pH 1 pOH = 14

P




Determining pH, pOH, [OH"], [H,0"]

Remember [H*] = [H;0"]

Use this chart to determine unknowns

given one value (25°C)
K, = 1.01 -10-14

K,/[ H,0*]

[H50°] - - [OH-]

K, /[OH-]

10-pH -log [H;0"] -log[OH"] 10-pPCH

14.0 - pH

pH © 140-pOH POH




