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Is the science that deals
with elements and compounds composed
of atoms, molecules and 1ons:

their composition, structure, properties,
behavior and the changes they undergo
during a reaction with other substances.
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Branchs of chemistry

« 1-Organic chemistry: study properties, reaction
&preparation of carbon compounds.

« 2-Physical chemistry: study electrochemical, kinetic
thermodynamic reaction.

« 3-Analytical chemistry:study quantitative & qualitative
analysis.

* 4-Biochemistry: study the chemical reaction inside the
tissue of human body.

* 5-lnorganic chemistry: study the periodic table &it's
chemical behavior.




/ The structure of atom

*The AtOM: the smallest particle in element

having the properties of that element ,it's consist of
positive nucleil surrounded by negatively charged
electrons.
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The atomic number: it is the number of the positive
charges protons in the nucleus. Which is always equal
to the number of negative charges electrons in the
neutral atom .

The Structure of Atom
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For identification, each one of these energy

levels take aletter and anumber called
principal quantum number (n) describes
the energy of an electron and the most
probable distance of the electron from the
nucleus., the first shell take the letter(K)
and the (n),equal to(1),this shell is of the
lower energy

Schematic representation of energy levels
around the nucleus of the atome



'The maximum number of electrons that can occupy a shell is
equal to 2(n)? . Thus for the(k) shell in which (n=1),the
maximum number of electrons equal 2(1)? =2) elec.for the(L)
shell in which the maximum number of elec.is 2(2)?=8 elec.
And so on.

. chemfarah blogspot.com
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* n=principal quantum number

£
n=2, . T
2(n)? f( o
(n) Kﬂ // ....... :
=2/
=8

M, n=3 ,2(3)2=2(9)=18



'Filling of the orbitals:
Name of shell P.Q.Number(n) Max.No.of elect.
K 1 2

L 2 8
M 3 18
N 4 32
o 5 50
P 6 72
Q 7 08



-

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

Table 8.3 Partial Orbital Diagrams and Electron Configurations* for the
= Elements in Period 3

Atomic Partial Orbital Condensed
Number/ Diagram (3s and 3p Full Electron Electron
Element Sublevels Only) Configuration Configuration
3s 3p

11/Na 1 [15s%25%2p%] 35! [Ne] 3s'
12/Mg [74] [1522522p°] 352 [Ne] 352
13/Al [14] [1522522p%] 35%3p" [Ne] 35s23p!
14/Si [14] [1522522p°] 3523p> [Ne] 3s23p>
15/P 4] [15225%2p°] 3523p° [Ne] 3523p°
16/S [14] [15225%2p%] 35%3p" [Ne] 3523p*
17/Cl [14] [1522522p%] 35%3p° [Ne] 35%3p°
18/Ar [y [1522522p°] 3523p° [Ne] 3523p°

*Colored type indicates sublevel to which last electron is added.



Categories of Electrons

Inner (core) electrons: fill all the lower
energy levels of an atom

Outer electrons: those electrons In the

highest energy level(highest n value) of an
atom

Valence electrons: those involved in forming
compounds; the bonding electrons; among the

main-group elements, the valence electrons
are the outer electrons




Lecture:2

1-THE ELECTRONIC
CONFIGURATION

2-Peroiodic table




[HE ELECTRONIC
CONFIGURATION:

The question of how many electrons can occupy given
orbital is answered by Pauli's exclusion principle which state
that no more than two electrons occupy the same orbital, and
that the spins of these two electrons must be of opposite
direction (clock wise or counter clock wise).

Electrons with antiparallel spins are represented arrows
pointing in opposite directions .
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Diagonal Rule
Examples: \

* Hydrogen
- 1 electron
— 1st

* Lithium
— 3 electrons
— 1s? 28t

* Nitrogen
- 7 electrons

— 1s? 252 2p°3
Epacde 304




ELECTRON
CONFIGURATION

1

cow # group #
shell # # valence e-

possibilities are:
s:lor?2
subshell p: 1-6
possibilities are d: 1-10
s, p,d,orf f: 1-14
4 subshells Total e- should equal
Atomic #

What element has an electron configuration of 1s1?

possibilities are 1-7
7 rows




Symbol Atomic no. Electronic Configuratio

1s 2= 2y 3s
Li 3 1L 1 R

Be 1 1L 1l L
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ATOM\C NUMBER

~number ot electronS
~ uidec of pratdNs

SNMBOL /NAME
ATorcnC MASS

-1 AMY .
(atomic Mass units)

Exitation of carbon atom
Cpt 1s22s22p?

C 1s22s12p3




Filling of the orbitals:

Exitation of carbon atom
Ce: 1522522p? ﬂ ﬂ A 1‘
C 1 1s22512p3 ﬂ L T T

C atom in graund state

1s
Y] I _
C atom in Exited state
1s 25 2p




SAMPLE PROBLEM 8.2 Determining Electron Configuration

PROBLEM: | Using the periodic table, give the full and condensed electron

configurations, partial orbital diagrams showing valence
electrons, and number of inner electrons for the following

elements:
(a) potassium (K: Z=19) | (b) molybdenum (Mo: Z=42) | (c) lead (Pb: Z = 82)

PLAN: | | Use the atomic number for the number of electrons and the periodic table

for the order of filling of the electron orbitals. Condensed configurations
consist of the preceding noble gas plus the outer electrons.

SOLUTION:
(a) for K (Z=19)
full configuration: 1522522p®3523p04st
[Ar] 4s
T K has 18 inner electrons.

condensed configuration:

partial orbital diagram:

4sl




SAMPLE PROBLEM 8.2:

(continued)

(b) for Mo (Z = 42)

full configuration:

condensed configuration: [Kr] 5s14d°

1522s22p%3523p04523d194p5s14d°

partial orbital diagram:

Mo has 36 inner electrons

A A A A

K EE and 6 valence electrons.

5sl

4d°

(c) for Pb (Z = 82)

full configuration:

1522522p%3523p®4523d194p5524d105066524145d106p2

condensed configuration: | | [Xe] 6s24f145d106p2

partial orbital diagram:

Pb has 78 inner electrons

A A A

A 4

and 4 valence electrons.

6s2 6p2




KEY PRINCIPLE

All physical and chemical
properties of the elements are based

on the electronic configurations of
thelr atoms.
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Every element has its own unique symbol For some elements the
symbol is simply the first letter of the element’s name.

Examples: Hydrogen = H, Sulfur =S, Carbon =C

of the element’s name. The first letter is CAPITALIZED and the
second letter is not.

Examples: Aluminum = Al, Platinum = Pt, cadmium = Cd

The origins of some symbols are not as obvious. Some elements \
have symbols that refer to the element’s name in latin.

Examples: gold = Au, lead = Pb, copper = Cu




Periodic table
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The Father of the Periodic Table—Dimitri
Mendeleev

Mendeleev was the first scientist notice
the relationship between the elements,

He Arranged his periodic table by atomic
mass

It was later discovered that the periodic
nature of the elements was associated with
atomic number, not atomic mass




HISTORY OF THE
PERIODIC TABLE

1871 — Mendeleev arranged the elements
according to: 1.

2. Elements w/ were put
In the

1913 — Moseley arranged the elements
according to: 1.

2. Elements w/ were put
In the




The Periodic Table

«Column (up and down)=

Group or Family

18 columns on the
Periodic Table

*Row (side to side)=
Period

7 rows on the Periodic
Table



# shells

~N o 0o b~ WDN B

Electron Configuration
group # = # valence (outside) e- oA

3A 4A 5A B6A 74 m
b 3 : "




What does the information in the

Atomic Number:/

# of protons

Atomic Mass =
actual mass of
the atom

*if you round,
you get
Atomic mass
Number (# of
protons plus
heutrons)

box tell me?

/1

H g

1 008

Elemental
Symbol



General Observations about

the Periodic Table

A. The group number equals the number of outer
electrons (those with the highest value of n) (main-
group elements only)

B. The period number is the n value of the highest
energy level.

C. The n value squared (n?) gives the total number
of orbitals in that energy level; 2n? gives the
maximum number of electrons in the energy level.



Practice:

Ask these questions every time you have to write an electron

configuration

~N o ok w e

Lithium:

find the element on the periodic table
what is the period number? 2
how many shells? 2

what is the group number? 1

how many valence electrons? 1
what subshell(s) does Li have? s
what is the electron configuration?

atomic# =3

1s2 2st




Practice:

Ask these questions every time you have to write an electron
configuration

* Boron:

find the element on the periodic table atomic# =5
what is the row #? 2

how many shells? 2

what is the group #? 3

how many valence electrons? 3

what subshell(s) does B have? S, p

what is the electron configuration? 152 2s22p!

N o Uk W RE




1-Metals
On the left side of the periodic table

Properties:

1-Good conductors of electricity and heat

2-Shiny In appearance (metallic!)




2-Non metals:

Elements on the right side of the periodic table.

Their Properties are opposite to those of metals.

1-Usually poor conductors of heat and electricity

2-Not shiny, malleable, or ductile

3-Most are gases



3-Metalloids

1. They have the properties of both metals and
non-metals.

2. Most common metalloid is silicon, which 1s
the second most common element in the
Earth’s crust.




Metallic Behavior

Metals: shiny solids; tend to lose electrons in
reactions with non-metals (left and lower 3/4 of

periodic table)

Non-metals: tend to gain electrons in reactions with
metals;upper right-hand quarter of periodic table

Metalloids: have intermediate properties; located
between the metals and non-metals in the periodic

table

Metallic behavior decreases left to right and
Increases top to bottom in the periodic table



The change in metallic behavior in Group 5A(15)
and Period 3

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

Group 5A (15)
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Periodic Trends
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Periodic Groups

* Elements in the same column have similar chemical and
physical properties.

e These similarities are observed because elements in a column
have similar e  configurations (same amount of electrons in

outer shell).



Atomic Radius

Period 1

Period 2

Period 3

Period 4

Period 5

Period 6

IIA IIA IVA VA VIA VIIA VIIA

,He

& & ¢ & o Atomic Radius —size

& 4

- @ &

of an atom

(distance from
nucleus to the outer
e’).



Atomic Radius Trend

 Group Trend — As you go down a column, atomic
radius increases.

As you go down, e are filled into orbitals (energy
levels) that are farther away from the nucleus
(attraction not as strong).

* Periodic Trend — As you go across a period (L to R),
atomic radius decreases.

As you go L to R, e are put into the same energy
level, but more p* and e total (more attraction =
smaller size).



2-lonization energy: the amount of energy required to
remove an electron from an isolated gas atom or molecule.

Increases

—

INmncreases
Ilonizationmn Enaergy

= = = -




Na’+ E - Na*t +e

HLECTRON



The amount of energy required for the complete removal of 1 mol of electrons
from 1 mol of gaseous atoms or ions; an energy-requiring process; value Is
positive in sign

IE, = first ionization energy : removes an outermost electron from
the gaseous atom: atom(Q) lon*(g) + e AE=1E;>0

|IE, = second ionization energy : removes a second electron from the
gaseous ion: ion*(g) -ion*?(g) + e AE = |E, > |E;

Atoms with a low IE; tend to form cations during reactions, whereas those
with a high IE; (except noble gases) often form anions.




lonization Energies: Correlations with Atomic Size

1. As size decreases, It take more energy to remove an
electron.

2. lonization energy generally decreases down a group.

3. lonization generally increases across a period.



First ionization energy (kJ/mol)

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

energy (IE,)

Figure 8.17
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Periodic Table of the Elements

Atomic 8 15,990 = Atomic

number Weig Chemistry is a branch of physical science

~—— Symbol that studies the composition, structure,
properties and change of matter

Oxygen —e—4— Name

18 nsae

Ar

NN
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SAMPLE PROBLEM 8.4

Using the periodic table, rank the elements in each of the
following sets in order of decreasing IE;:

(a) Kr, He, Ar (b) Sh, Te, Sn (c) K, Ca, Rb (d) I, Xe, Cs

|IE decreases down in a group; IE increases across a period.

(a) He > Ar > Kr Group 8A elements- |E decreases down a group.

(b) Te > Sb > Sn Period 5 elements - |E increases across a period.

(c) Ca>K>Rb Ca is to the right of K(same period); Rb is below K.(same group)
(d) Xe>1>Cs Period 5 elements - | is to the left of Xe; Cs is further to the left

and down one period.



3- Electronegativity:

It Is a function of an atom's ability to attract an electron in chemical
bonding.

the Pauling scale. Fluorine is assigned a value of 4.0, and values that
are the least electronegative at 0.7 range down to cesium and
francium

Electronegativity Explained




4- The Electron Affinity(EA)

amount of energy released when an electron is added to a neutral
atom to form an anion

ELECTIRPRON AFFTN ™Y
Increases .

-3

S (=1 S © 70 17 12 '3 '4 1S '8 Y7 '©s

vonsuy-0




Electronegativity Trend (really
electron affinity)

 Group Trend — As you go down a column, electron affinity
decreases.

As you go down, atomic size is increasing, so less attraction
of electrons to the nucleus.

Periodic Trend — As you go across a period (L to R), electron
affinity increases.

As you go L to R, atomic size is decreasing, so the electrons
are more attracted to the nucleus.



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

Negative values =
energy Is released when
the ion forms

Positive values =
energy is absorbed
to form the anion

In general, electron affinity
becomes more exothermic as
you go from left to right

across a row.




Reactive non-metals: Groups 6A and 7A; in their ionic
compounds they form negative ions (have high IEs and very
(-) EAS)

Reactive metals: Group 1A, In their ionic compounds, they
form positive ions (have low IEs and slightly (-) EAS)

Noble gases: Group 8A; they do not lose or gain electrons
(have very high IEs and slightly (+) EAS)



Trends in three atomic properties

Copynight € The McGraw-Hill Companies, Inc. Permission requried for reproduction or display.

Increases

ELECTRON AFFINITY

Increases



Type of chemical bonds:

*Chemical bonds: are forces hold atoms together

to make compounds or molecules

*Chemical bonds include covalent, polar

covalent, and ionic bonds ' v
-

’9

&
-




1- lonic bond: is the complete transfer of
valence electron(s) between atoms

Ionic Bonding PN =




2-covalent bond iIs a chemical bond that
Involves the sharing of electron pairs between
atoms.

I lent bond
polar covalent bon Covalent Bond
H + H H,
" T . ‘
/ y l\\\ / \ / x
o o — 0 0

J

X '
’

\- =~

Hydrogen + Hydrogen Hydrogen
atom atom molecule




3- polar bond is a covalent bond between two
atoms where the electrons forming the bond are
unequally distributed. This causes the molecule to
have a slight electrical dipole moment where one
end is slightly positive and the other is slightly
negative.

A non-polar covalent bond is a type of

chemical bond that is formed when electrons are
shared equally between two atoms.




CH4 (=X = ¥
o

wEl==ctromn from hwdrogsnm
wElesctromn from c=rkaeam

Another examples:

Examples of Covalent Compounds
QD
o Water (H.,0)
Sommonia {(NHL) o o
£

s

Thought



Example of polar bond:

1) H20
() (b) 5
B —i Y s (1 :§:
N\
g 3
R
' - - - - s — IR



o+ O—
H—C

(b)



Polar & Nonpolar Molecules

—t +—>

O=C=0
.‘.. -
Y —F38

\

)

>

O O

N

==

Polar covalent

Non-polar bond
~ covalent bond 54 5 lonic bond
* o “« o 5 (e

Equal sharing of  Unequal sharing ~ No sharing of

electrons of electrons electrons in bond
"




The molecules have polar covalent bond differ in their
tendency to attract electron , and that i1s mean differ In
electro negativity .

The most electro negativity of elements are those located
In the upper right hand corner of the periodic table .

F>O0>CI.N>Br>C | H
Electro negativity for some elements

The polarity of bond can lead to polarity of molecule and
thus effect in melting point and solubility .



Lec No./ 4

1)Acid and base
2)Analytical chemistry




“Ac‘i'ds & Bases

mare everywhere..

. In'your food

| In your house




What 1s an acid?

= An acid Is a solution that has an excess of
H* 1ons. It comes from the Latin word
acidus that means "sharp" or "sour".

= The more H*ions,the more acidic the
~ solution.




= Acids are Proton (H* 1on) Donors
Strong acids are assumed to be 100%
lonized In solution (good H* donors)
HCI , H,SO,, HNO,

= Weak acids are usually less than 5%
lonized In solution (poor H* donors)
H.,PO,HC,H.O, Organic acids




ACIDS AND BASES

Properties of an Acids

e Acids are proton (hydrogen ion , H+) donors
e Acids have a pH lower than 7
e Acids taste sour T T

e Acids effect indicators 10 iy |
- Blue litmus turns red ”
- Methyl orange turns red
e Acids react with active metals , producing H2
e Acids react with carbonates

e Acids neutralize bases




Properties of an Acid

= Tastes Sour
= Conduct Electricity

= Corrosive, which means they
break down certain substances.
Many acids can corrode fabric,
skin,and paper

= Some acids react strongly with
metals

= Turns blue litmus paper to red

Picture from BBC Revision Bites
http://www.bbc.co.uk/schools/ks3bitesize/science/chemistry/acids b
ases_1.shtml



http://www.bbc.co.uk/schools/ks3bitesize/science/chemistry/acids_bases_1.shtml

Acids React with Active Metals
Acids react with active metals to form salts and
hydrogen gas

Mg + 2HCI - MgCl, + H,, (g)

Zn + 2HCIl —» ZnCl, + H, (9)

Mg + H,S0, > MgSO, + H, (g) &




Effects of Acid Rain on Marble

(marble is calcium carbonate)
George Washington: George Washington:
BEFORE acid rain AFTER acid rain




Acids Neutralize Bases |

Neutralization reactions ALWAYS produce a
salt and water

HCl + NaOH = NaCl + H,0
H2504 + ZNaOH = NGZSO4 * 2HQO
2HNO, + Mg(OH), = Mg(NO,), + 21,0

[ S W




Uses of Acids

Acetic Acid = Vinegar

Citric Acid = lemons, limes, &
oranges. It Is In many sour
candies such as lemonhead &
sour patch.

Ascorbic acid = Vitamin C
which your body needs to
function.

Sulfuric acid Is used in the
production of fertilizers,paints,
and plastics.

Car batteries




What is a base?

= A base Is a solution
that has an excess of
OH- I0ns.

= Another word for
base Is alkall.

= Bases are substances
that can accept
hydrogen ions




Bases are

Proton (H+1on) Acceptors

e Sodium hydroxide (lye) . NaOH

e Potassium hydroxide . KOH

e Magnesium

nydroxide , Mg(OH),

e Calcium hyo

roxide (lime) , Ca(OH),

OH — (hydroxide) in base combines with H+ In

acids to form water . H *+ OH ~ — H.,O




Properties of Bases

— Bases are proton (hydrogen ion , H+) acceptors -
Bases have a pH greater than 7 .

- Bases taste bitter .

™ pH Scale
- Bases effect indicators

- Red litmus turns blue . /—

= More H*jons 1
- Phenolphthalein turns purple .

7 More OH ions 14

N/
o Solution of bases feel slippery . ¢ .

e Bases neutralize acids . \@J




Properties of a Base

= Feel Slippery
= Taste Bitter
= Corrosive

= Can conduct electricity. (Think

alkaline batteries.)

= Do not react with metals.

= Turns red litmus paper blue.




‘ Uses of Bases

Bases give soaps, ammonia, and many other
cleaning products some of their useful
properties.

The OH- ions interact strongly with certain

substances, such as dirt and grease.

Chalk and oven cleaner are examples of

familiar products that contain bases.

Your blood is a basic solution.




rké ; Most acidic

)¢ v pH Scale

= pH Is a measure of how acidic or basic a
solution Is.

« The pH scale ranges from 0 to 14.

= Acidic solutions have pH values below 7
= A solution with a pH of 0 is very acidic.
= A solution with a pH of 7 iIs neutral.

e Pure water has a pH of 7.

Basic solutions have pH values above 7.




pH Scale

change of 1 pH unit represents a ten fold
change In the acidity of the solution.

’ 395|utio;h i Qt '|' 2 as acidic as the second—
|t IS ten more acidic.

Hydrochlori Gastric contents Milk Baking Sodlum hydroxide

acld — soda Ammonia
| | N
g2 4 5 6 7 8 9 v 1 12 S
- > Milkof

|

Softdrinks Blood plasma magnesia
P—— P o9

Tomatoes




Acid — Base Reactions

A reaction between an
acid and a base is
called neutralization.
An acid-base mixture
is not as acidic or
basic as the individual —
starting solutions.

Base

Acid

~— -

pH=2

When mixed
together, acidic
and basic solutions
produce a more

/ neutral solution.




Acid — Base reactions

Common Salts

Salt

Sodium chloride
NacCl

Potassium iodide
KI

Calcium chloride
CEClz

Uses

Food flavoring; food
preservative
Additive in "iodized”
salt that prevents
iodine deficiency

De-icer for roads
and walkways

Potassium chloride
KCl

Calcium carbonate
CaCOs

Ammonium nitrate
NH;NO3

Salt substitute in foods

Found in limestone
and seashells

Fertilizer; active
ingredient in cold packs

Each salt listed in this
table can be formed by
the reaction between an
acid and a base.




1)Analytical chemistry

* The analysis chemistry study ==
the determination of the chemical structure
Of the compounds or substance and in general it is include the:

1. Qualitative Analysis
Study what the elements and compounds constituted of the
substance.

2. Quantitative Analysis

* It is determining of quantities of compound , or quantities of
element include in the chemical component , or percentage
weight of component of mixture



* Quantitative analysis Include two classes :

- A\ Volumetric Analysis : when reactants In
solution are measured involume unit) .
It is include : — LB

1- Titration
2- Gas analysis Tr,
3- Instrument analysis

e

shutterstock com « 1747017922

* B\ Gravimetric Analysis:
when reactants in solution are measured in weight unit )



Titration of Acid and Base

. The titration of acids and bases i1s one of the most
common ways of making a volumetric analysis .

 Titration is the process of determining the volume of a
standard solution that will react with a known guantity
of the sample that is undergoing analysis .

* To make accurate measurements of volume , an
apparatus called (burette) Is used In titration ,
equivalent quantities of Acid and Base have reacted .
There are certain substances called (indicators) that
have one colure in an Acid solution and another colure
In Basic solution



ACID-BASE TITRATIONS




In the process of Acid — Base titration a
known volume either the

Acid or the Base Is placed In the flask and a
few drops of indicator solution are added .

The solution of Base or Acid from a burette Is
added slowly and constantly to the flask until
the change In coloure of the indicator shows
that ( end point ) has been reacted .

Then the application law Is :

Na X Vy=NgXVg

Where A: Acid , B :Base



Quiz:

Answer these questions for SODIUM ATOM , the atomic numberis 11

Write the symbol of the element on the periodic table
Write the electron configuration?

what is the period number?

what is the group number?

how many main shells?

how many valence electrons?

what subshell(s) does sodium have?

~N o ok w e




Lecture Five

Acid Base Titration

Indicators

The concentrations




Acid-Base Indicators

The benefit of adding indicator at the titration:
= Marks the end point of a titration by changing color.

= The equivalence point is not necessarily the same as the end point
(but they are ideally as close as possible).




Acid-Base Indicators

The Acid and Base
Forms of the Indicator
Phenolphthalein

Photo © Cengage Learning. All rights reserved

C—ar c—o0

; !

Colorless acid form, HIn Pink base form, In™

& Cangage Loarming Al Rights Raserved.



Acid-Base Indicators

The Methyl Orange Indicator is Yellow in Basic Solution and Red in Acidic
Solution

Photo © Cengage Learning. All rights reserved




Acid-Base Indicators

Useful pH Ranges for Several Common Indicators

(0] 1 2 = 4 S 6 7 8 < 10 11 12 13 14

Crystal Violet

Eineaolified _ e—

Tyl B - _m
Ersificoton —

2. 4-Dinitrophenol

Bromphenol Blue

Methyl Orange

Bromecresol Green

Methyl Red

Eriochrome®* Black T

Bromecresol Purple

Alizarin .

Bromthymol Blue

Phenol Red

m-Nitrophenol

o-Cresolphthalein

Phenolphthalein

Thymolphthalein

Alizarin Yellow R

* Trademark CIBA GEIGY CORP.

The pH ranges shown are approximate. Specific transition ranges depend on the indicator solvent chosen.
®© Cengage Learning. All Rights Reserved.



o INEMASTER
WEGE B0 INSUINLES r e U IEINS

Methyl orange

(Orange)




In a titration ,(46.3 ml) of (0.47 N) H2SO4 neutralized (35.4 ml) of
unknown solution of (NaOH).calculate the Normality of (NaOH) solution.

* H,SO, + 2NaOH — Na,S0O, + 2H,0

N{Vi=N,V,
Ny 1,
0.47%46.3 = N,*35.4
1 2

N, =2%0.47*46.3 = 1.23 N (NaOH)
354




The concentration of a solution

The concentration of a solution Is a
measure of the amount of solute that is
dissolved in a given quantity of solvent.

* A dilute solution Is one that contains a
small amount of solute.

* A concentrated solution contains a
large amount of solute.



http://upload.wikimedia.org/wikipedia/commons/8/89/SaltInWaterSolutionLiquid.jpg
http://upload.wikimedia.org/wikipedia/commons/8/89/SaltInWaterSolutionLiquid.jpg

Methods Expressing Analytical Concentration and
Volumetric :

1- Molarity
2- Normality

1 3- Molality
4- mole fraction
5- percentage weight

_ /7\ 3 /| P
N
- 3 ': " ‘.
i 08— r 11




1-Molarity (M) 4,¥ 54l

Molarity (M) is the number of moles of
solute dissolved in one liter of solution.

To calculate the molarity of a solution, divide
the moles of solute by the volume of the

solution.

- ~ moles of solute
Molarity (M) = liters of solution






Molarity

* To make a 0.5-molar
(0.5M) solution, first add
0.5 gm of solute to a 1-L
volumetric flask half filled
with distilled water.




Swirl the flask Fill the flask with
carefully to water exactly to
dissolve the the 1-L mark.
solute.




A mole is the SI unit (International System of

Units) of number of particles and can be used as an
expression of the molecular weight of a substance.

Na

Sodium

The formula weight of an
> 22.990

element is expressed as
grams/mole




The molar mass (molecular weight) of a
compound can be calculated by adding the
atomic weight of the individual elements.

| | i
Sodium Chlorine
22,990 35.453

22.99 + 35.45 = 58.44 g/mol



el (bl sardglaall S

Molarity (M) 4,34l e Badae 1aeS b )
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M= — EY e 220 3(M) 4 gall
VL SERE PR PPCEEAR
J sl
bwad adddal) o gildll
. A s
Mo.wt. \A
’WM
————=4)ly
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Mo.wt Vol




Q:Calculate the Molarity of a solution that contains (100 gm) of
(NaOH) dissolved in water to make (1500 ml) of solution .

M= wL.(2) X 1000 Moleculer weight= the sum of the
Mo.wt VL atomic masses of the elements that
make up a substance

Na=23,0=16,H=1
M.W for NaOH=23+16+1=40gm/mol

M = 100 1000 =1.66 mol/lit

40 1500




Finding the Moles of Solute in a Solution

Household laundry bleach is a dilute aqueous solution of sodium
hypochlorite (NaClO). How many moles of solute are present in 1.5 L

of 0.70M NaClO?



Calculating the Molarity of a Solution

Intravenous (IV) saline solutions are often administered to patients in
the hospital. One saline solution contains 0.90g NaCl in exactly
100 mL of solution. What is the molarity of the solution?



8. A solution has a volume of 2.0 L
and contains 36.0 g of glucose
(C;H,.O,). 1T the molar mass of
glucose is 180 g/ mol, what is
the molarity of the solution?



Making Solutions

2~ How many grams of NaCl would you need to prepare
200.0 mL of a 5 M solution?

L
M— _t(2) = 1000
Mo . wt AV

Wit.(g) = M x L x Mo.wt
Wit.(g) = (5mol/L) (0.2L) (58.44g/mol)
Wi. (g) 58,44 ¢

0

/\ /\

1 Weight out 58.44g NacCl 2 Add 150 ml of wate

4 Pour the solution into a
200m| graduate dcyli der.

S5 Bring the solution
to the final volume
of 200 milliters.

3 Now stir the solution until all the
salt is dissolved.



Diluting Solutions

Often once you have made a stock solution, you need to
dilute it to a working concentration.

To determine how to dilute the stock solution, use the
fOI‘mU|a' C1V]_ — C2V2 C; — concentration of stock

C, - concentration of diluted solution
V; — volume needed of stock
V, — final volume of dilution

Concentrated

Diluted



Making a Dilute Solution

Solution A Solution B
Concentrated solution Dilute solution

Solute
particle

Solvent
particle

A dilute solution is one that
contains a small amount of solute.

A concentrated solution
contains a large amount of solute.



Diluting Solutions

Example :
How many milliliters of a 5 M stock solution of NaCl are
needed to prepare 100 ml of a 0.4 M solution?

C, V;=C, V,
(5) V,; = (0.4)(100)
V,=8 ml



Thank You For istening



Normality (N )

Molality (m)
MOLEFRACTION (X )




a4 Ll

Normality is described as the number of gram
equivalents of solute present Iin one liter of a
solution.

_ No. of g.eq
N= 2
VL
N W) M. Wt

eq.Wt.=——
! 10.0f f oy

eq.wt. VL

wt.(g) ~ 1000

N_
cq.-wt N




A solution was prepared by adding sufficient
water to (100 gm) of HCI to make a solution of
(0.5L), calculate the Normality of the solution .

Atwt. of CI=35.5 ,H=1

N= Wwt(g) 1
cq.wit. Vi
M.W for HCI=1+35.5=36.5 gm/mol

M. Wt t 36.5 s
. —— eq.wt.=———750.
W= ot H,OH ‘ :

100 |
N= x =5.479 eq/lit

36.5 0.5



Calculate the normality of NaOH solution which contain
16 gm of NaOH in 400 ml of the solution .The atomic
number for Na= 23, O=16,H=1

. No. of g.eq * 1
VL
No. of g.eq = WE Naor
| | €9.WL NaoH

NaOH Na* + OH-
No. of mole of OH =1 mole

M.wt = 40

eqg.wt = =
4-W1 NaoH No. of moles of OH- 1

No. of g.eq = jg =04 Eq

0.4* 1000 | _
N= =1 N (or Eg/L
400 ( D

=40 gm




| | 720 W . %) q
4. '

* Molality is the concentration of a solution
expressed in moles of solute per KILOGRAM of
solvent. Its symbol is m, its units are moles of
solute/kg of solvent, and it is written as 1.000 m
NaOH for a one molal concentration solution of
sodium hydroxide.

moles of solute

Molalit =
olality(m) mass of solvent (kg)



Fiig SRS o5 2 W J 8 ﬁ

Example:

b‘ Find the molality of a solution made
by adding 4.5 g of NaCl to 100 g of
water.




Viiig BERE ¥ IR WA

mol solute

MOLALITY m= kg solvent

= Example: What is the molality of a
solution that contains 12.8 g of C;H,,O4
In 187.5 g water?

12.8¢ C.H:; O . 1 mol
180.18 g

. 0.07104 mol

0.1875 kg

=0.07104 mol




(o 5ad) sl

The number of moles of solute to the number of
moles of all solution (solute and solvent) .

d
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Example:Calculate the molar fraction of water, for
4NaCl in a solution containing 0.735 mol of Sodium

chloride and 6 moles of water?

25 (32 0.735 mol e sy Jslan A NaCl —5 colall Jsall sl Gl
¢ clall (30 6 mole 5 a5 sall

T Nl ST Y gead) 2as o

N, = Ny Iy o
n,=—0.735 + o6
n,— 6.735 mol

Ny o o

— — = — .59
HzO 1, 6. 735
11 : 0. 735
S = TMNacl — O.11
Tt 1n, 6. 735
T 9 s oA Ayl WWACL 2 L Asall peuSh olua (€ an g
E >N = 1

+ Nigaer — 1



—
Q1:Calculate the Molarity of a solution that contains (100 gm) of
(NaCl) dissolved in water to make (1500 ml) of solution .

Q2 : How many moles of solute are there in (500 ml) of (0.25 M)
NaOH solution ?

Q3 : How many gram equivalent weights are there in(500gm)
of (H3PO4)?

Q4 : A solution contain (500 gm) of KOH in (1700 ml)
water , what Is Normality and Molarity?










Relation Between Normality And Molarity

) S 5l g g ¥ sall S il G ABMal)

Where,
n = the number of equivalents



Concentrations of Solutions >

example

" 1M solution of H,SO, calculate the Normality for this solution

—

— x
Nh2sos =M ™ Not

Nsos =17 2

N2sos = 2N




Percent Solutions

What are the ways to express the percent
concentration of a solution?



Percent Of Solutions d, gial) dpull) 43, )l

The concentration of a solution in percent can
be expressed In three ways:

1. ratio of the volume of the solute to the volume of
the solution Agapall &y piall guid (VIV) %-1

Jslaall (5100mMI & 25 sl M J 12l anay 8 jas

2. ratio of the mass of the solute to the mass of the

solution
(WIW) %333 50 & giall Lpuadh =2
Jstaall (30 100g 8 3252 sall el adly I3l (550 e



3-ratio of the mass of the solute to the volume of

the solution (W/V) % dsanad) 3ol &g yial) dpusdl -3
Jstaall 5 100ml 2 Glaall g = 3ol 0350 Lde yamys

Percent mass volume

L. f solu.
Wy ) otsolu
V. ofsol

m

g Note: h

Solution = solvent + solute
N p,




Percent volume

% volume (V/V)% = volume solute (ml)

Percent mass

% mass (W/W)%= mass solute (q)

volume solution (ml)

mass solution (g)

x 100

x 100

[Solution = solvent + solut

Note:

,




Corcentrations of Solutions > Percent Solutions

Isopropyl alcohol (2-propanol) is sold as a 91% solution.
This solution consist of 91 mL of isopropyl alcohol mixed
with enough water to make 100 mL of solution,

91% Alcohol

Isopropyl
Use For: Alcohol

= Topical
Antiseptic §
Sanitizer

- Antihactenal
Cleansing
Agent for
Minor Cuts §
Abrasigns
Rearation of

© Copyright Pearson Prentice Hall



Concentrations of Solutions > 16.5

Calculating Percent (Volume/Volume)

What is the percent by volume of ethanol (C,H;O, or ethyl alcohol) in
the final solution when 85 mL of ethanol is diluted to a volume of
250 mL with water?




Concentrations of Solutions > 16.5

Analyze List the knowns and the unknown.

Knowns Unknown
e volume of ethanol = 85 mL ¢ % ethanol (v/v) =2%

e volume of solution = 250 mL

volume of solute % 100%

* Percent by volume (% (v/v)) = e e

Substitute the known values into the equation and solve.

% (vIv) = - %eﬁml?ml X 100%

= 34% ethanol (v/v)

© Copyright Pearson Prentice Hall
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Percent Solutions

Example :

What is the percent by volume concentration of a solution
in which 75.0 ml of ethanol is diluted to a volume of
250.0 ml?

% (V/V) = volume solute (ml) X 100
volume solution (ml)

=750ml x100 = 30.0%
250.0 ml




Percent Solutions

Example :

What volume of acetic acid is present in a bottle containing 350.0 ml of
a solution which measures 5.00% concentration?

% (V/V) = volume solute (ml) X 100
volume solution (ml)

0.05 = X
350.0 ml

x=17.5 mil



Mass Percent of Solute - Example

 Example — In a solution prepared by
dissolving 24 g of NaCl in 176 g of solution,
what 1s the % by mass of NaCl in solution?

e Solution:



Percent Solutions

Example :

Find the percent by mass in which 41.0 g of NaCl is dissolved
In 331 grams of water.

% mass (W/W) = mass solute (g)  x 100
mass solution (g)

mass Solution = solvent mass + solute mass

mass Solution = 331g + 419 = 372¢g

% (W/W)=41g x100 = 11.0%
372 g



1311010

Ios2ver cokond 3%

L72.0510

naRe

NABOResy. Ph Bur
Suituric acid 5597%
wiayss

e 8.206 ppem Hg)

Concentrations of Solutions

1.00573.2510

EMSURE®
ACS,ISO,Reag. Ph Eur

ortho-Phosphoric acid
85%

for anadysis
ortho-Phosphorsiure 85%
Acido orto-fostorico 85%
Acide ortho-phosphorique 85
Acido orto-fosforico 85%
Orthotosforzuur 85%

How to calculate the molar or standard

oncentration of a concentrated solution from the

olution bottle?
B sanl) (pa S yall Jslaall (6 5baall g (o )Y gall 30S 1) il 40aS

NITRIC ACID 90% |

This is a pre-cut self-adhesive label designed &
printed by Breakaway Effects LTD. In order to
stick this label to our breakaway or real glass
items; peel off the backing and then stick the
label onto the item, carefully smoothing it off
from the: cantre sutito the edges. They can be

tricky to remove, you need to get it in the right
place on the 'Irs( tlrne I !Hllng this item, make
sure both the item & material are at room

temperature. The item e e e
its Use as possible, and they should never be
prepared in advance transported to the
location, as they will Invarlably break in transit.

oot I

Breakaway Effocts LTD, Shepperton Film Studios, Studios Road, Shepperton
TW17 0G0 com w.

While avery care has been taken to ensure that this fake label cloars
it for us to check this in every
m currently and in the futare. | o
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Pleass check with us. The GHS hazard pie tograms (Beiow) date this labet
Post-2009. Diffarent symbols were used pre-2i
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Example:
Calculate the volume and weight of 80% concentrated
NaOH and a density of 1.42 g/ml that Is needed to prepare
200 ml of a solution of concentration 8 M

(H = 14, 1 is¥ ol Lade | g M s i dstaadl ¢ 200 ml el o 33401 1.42 g/mi ASES 5 809/ 038 5 ) JS5all NAOH pgsdsedl) S 54 (559 a2 s
1,0 =16, Na =23
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(V1) S < NaOH Jslas ana dluad s

M, V,= M, V,
~ M,V, 8 x 200

W, 56.34 ml
M, 28.4
AUl 4 g8 A ) 5 gl laad
111
d= —
V
m=d = V

m=1.42 = 56.34 =80 g

© Copyright Pearson Prentice Hall



