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Chapter 3 : stoichiometry
3-1 Calculations with Chemical Formulas and Equations <¥abeall s 4l dapall Gl

Compound are made of elemental atoms held together by chemical bond and compound have two or
more element
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Elements combine together to make an almost limitless number of compounds
LS el o 3500 e 230 O sSE Glanll Lgutany e dasi i jualinll

The properties of the compound are totally different from the constituent elements
LeilisSe (e Lalall Lguaal g AT LS e () 5S8) (lanll Lguiany ae 2235 jualiall

For example water (H, O)....... Hydrogen and oxygen are gas stat at room temperature but when get
together and form water is liquid .

Sal . HMydrogen Oxygen Watex
Propertics - .S o
Bolling Point 253 G 1832 C 100 ~C
State at Room Gas Gas Liguid
Temperature
Flammability Explosive Nacassary Usaed to
for aeaxtinguish
combustion flame

Explosive 3 adic sale g8 Jididl Lelld 2al e Gua 5 2l
necessary for combustion 3l a3 4y 5 5 i 33le (eI
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For example salt form (sodium and chlorine ) the sodium is highly reactive silver metal that can explode
on contact with water and element chlorine corrosive greenish yellow gas that can be fatal if inhaled

A compound is distinct substance that is composed of atoms of two or more elements
ealiad) (e 81 ) (4550 e (58 S all

Describe the compound by describing the number and type of each atom in the simplest unit of
the compound :molecules or ions ¢ s ses 328 SIA G daoae A Jas) A lee 535 S el @l )3 220 UK (S

Each element is represented by its letter symbol (from the periodic table)
G dsadl (e sl Ll Sy pualinll




The number of atoms of each element is written to the right of the element as a subscript (if there is
only one atom,the“1”subscript is not written)
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Polyatomic ions are placed in parentheses (if more than one)
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Representing Compounds with Chemical Formula : 4xilas!l fuall o S jal) Jfiai ¢Say
Compounds are generally represented with a chemical formula or

Molecular Models
where the chemical formula show the element that are in the compound and use the latter symbol of

the element and number of element
Waate s Sl pualie man i gonall odh 5 AlaSl) aally Lol (e ple (S LS 5ol
The amount of information about the structure of the compound varies with the type of formula
Gapall g o Jlo Galias (Sl im0 1 il slaall 20
all formula and models convey a limited amount of information — none are perfect representations
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All chemical formulas tell what elements are in the compound
S pally 33 5 sall jualiall (e U puds Ailessl) fpall aen

—Water is represented as H20
—Carbon dioxide is represented as CO2
—Sodium chloride is represented as NaCl

—Carbon tetrachloride is represented as CCl4

Types of Formula 4silas)) zual) £1 5

1- empirical formula 4dsY) 4aall
2- molecular formula 4yl Lepall
3- structural formula 4sludl Al




octet rule : Aulall) sac &)
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Atoms of main group element tend to combine in such way that each atom has 8 electron in its valence
shell as the nearest noble gas .

In covalent compound two nonmetal of the same electron affinity combine by equal sharing of electron
and fill their valence shell with 8 electron to be stable .

1- empirical formula: 4 s¥) daall
the relative number of atoms of each element in a compound

L 4 Sl palinll il 51 Aniaaa dgae A Lol
it does not describe how many atoms, the order of attachment, or the shape
the formulas for ionic compounds are empirical
Al Aagaa o A V) S all il JKEN ) ) 3 i ) g1l 5 e CaualY Aglill Al
the formulas for ionic compounds are empirical
A5} b g ) LS yall kgl

The empirical formula for the ionic compound (Meta I+ nonmetal ) fluorspar is CaCls.
This means that there is 1 Ca?* ion for every 2 Cl-ions in the compound

And HO , CH is empirical formula empirical formula
2- molecular formula 432 422l gives the actual number of atoms of each element in a
molecule of a compound <S4l (& jeaie JST | A 2l aall Udaad 3l Aapall oo
it does not describe the order of attachment, or the shape

ISl ) Il HY) i i Ay i ) (S Y Ay jall dagal)

The molecular formula is C;H,04. This does not tell you that the carbon atoms are attached together in
the center of the molecule, and that each is attached to two oxygen atoms.
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Example: Find the empirical formula for each of the following molecular formulas :
Ay 3al) dapall (e 4 gV daall slag

a)For C4H8 ,the greatest common factor is 4. The empirical formula is there for CH2

S el 3 ae pes o pgani 4 g & il Jalal)

b)For B2H6 ,the greatest common factor is 2.The empirical formula is there for BH3

LA e ppea o 2 andid 2 s @l il Jaladl

c)For CCl4 ,the only common factor is 1 ,so the empirical formula is the same as the molecular

formula=CCl4
1 oo & yidall Jalal) Ui

3- structural formula; syl daual)

uses lines to represent covalent bonds and shows how atoms in a molecule are connected or
bonded to each other 4S5 s¢s jall (& Sl )M 2xe oS Ul a5 5 Apaalodll Jayl 5 Jiadl o gladl) Lgod aodiu
el Lpars aa Lehalss )l

it does not directly describe the 3-dimensional shape, but an experienced chemist can make
agood guess at it Lmall (i o (Saall (e (ST AV AW S pall oy Y

each line describes the number of electrons shared by the bonded atoms
gl adansl 53 4S HLiall U 5 SV 230 oS W Caimy Jad (S

1- single line = two shared electrons, a single covalent bond
2- double line = four shared electrons, a double covalent bond
3- triple line = six shared electrons, a triple covalent bond

Shape of Line No.of shared €= | Nlame of Covalent bond
Single line  —_ [4par=2e" Shigle  H-H
Dovble line  — | 2 pairs = 4 e~ covkle  0=0
Triple line —— | 3 pairs = 6e” "['Fip'e N=N

It's used only with “Molecular Compounds *(Nonmetal+ Nonmetal),but NOT with “lonic

Compounds”(Metal +Nonmetal)
4 52V S el (g daih A 5l LS yall 8 Al drpall aadis

Example: The structural formula for CO2 is : 0 =C =0

v'Example: The structural formula for methane CH4 is:
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There are two common molecular models used to represent the molecules of compounds:

-Ball-and-stick model
-Space-filling model
Example:
=

|
CH, H—(lz—u
18

Molecular formula Structural formula

Example :3-1 page 55

Write the empirical formulas for compound

Ball-and-stick model

Space-tilling model

5 Ay el K Y) Akall Sl AR

a) C, Hg — the empirical formulas divide by 4 C H,
b) B, Hg — the empirical formulas divide by 2 B H,

+ Atomic elements = elements whose particles are single atoms _aic s )3 (e 3 le & (53 paic

JisNe - Na

* Molecular elements = elements whose particles are multi-atom molecules »<ic s (5)> paic |

*  Molecular compounds = compounds whose particles are molecules made of only nonmetals

* lonic compounds = compounds whose particles are cations and anions

» Certain elements occur as diatomic molecules (only7out of thel18elements of the

periodic table):

Gl slled) dnld) de ganall (o8 5 15 3 JSE o (585 5 Jsaadl (B jualic 2y
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H2,N2,02 ,F2 ,CI2 ,Br2 and 12

e sy
H, Hg, Na Jiesaal 3,0 Jays )0

Jie 4H4R 33l 22y 54 5 (andl Lgiany pe 00 s 50 Agalidile <l )Y Jixy puaic

-

0y Jie WS (amy peddadi o Agaliiie Ol )3 (e a5 50 0o 3oke 2 503 ¢s 32l Molecular elements
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Classifying Substances as Atomic Elements, Molecular Elements, Molecular compounds, or lonic
Compoundsg-:

Barium, B2 Atomic element

Iron (Il chloride, FeCl,  lonic compound

Bromine, Br, Molecular element
Ethanl, CH:0 Molecular compound
,. @ Nitrogen monoxide, NO  Molecular compound
o | Cobalt Co Atomic element

formula
unit

Carbon monoxide, CO  Molecular compound

Example HAD  Example: NaCl

Nicl, ionic compound




NO, molecular compound

NA NO; ionic compound

3.4 lonic Compounds: Formulas and Names W-sawd 5 425 5391 <l gl
Compounds of metals with nonmetals are made of ions E¥) s M (e () sS55 d 63¥) QLS jall

metal atoms form cations, nonmetal atoms form anions

lonic compounds have NO individual molecule units ,instead, they have a3-dimensional array of
and anions made of “formula units “e.g.NaCl,MgF2, Al cations Br3

Al e S Ledasasi (Sar Y gl L. Bas sl A L (15 400 5 Qi (g (ad A 0¥ LSl
Many contain polyatomic ions <Al dasia 4 gyl <l s

several atoms attached together by covalent bonds into one ion s ge Lo 55 &l 382 4
Anaalud Jay) 5y ddaud

e.g. CO;2 SO,2, NH,*!, OH-"

sodium chloride is made of sodium and chlorine atoms it has a common name table salt the
scientific name : sodium chloride

lonic Compounds( formula and name ):
lonic compound = (+ charge metal cation ) + (- charge nonmetal anion )

The formula unite of ionic compound must have an equal number of + charge and — charge so
the formula unite, so the formula unite has net charge = zero

Jtall (g gl Glis &) & gana (5585 ) e 2Y A oY) QLS all 4
Na*t c¢l™ =Nacl
Br~ Mg*? =MgBr,

Write the formula of a compound made from aluminum ions and oxide ions

AB* column 3A ,, O column 6A




Al O ey e

Al;O3

Al=(2)(+3)=+6

0=(3)(-2)=-6 Jall = age ganag

polyatomic ions <l Al daaeie U )

several atoms attached together by covalent bonds into one ion
@A@Auh\}}u@\wghﬁfu\)ﬂ\ KA SPIPT]

50,2

So:

lonic compounds are made of cation and anion.

Ol 5 OSSO O5SE A ) LS pall

Some ionic compounds have one or more common nhames (or commercial names) that

are only learned by experience: au! (e S8 e (5553 45 V) GlLS )

NaCl =tablesalt,NaHCO3=baking soda, CaO=lime

Formula to name rules for ionic compound :
A oY) il pall Apands

For cation( o3l sYl) -

1- A metal (with invariant charge ) LUl &3l g5 lal)
Metals whose ions can only have one possible charge sl (e ki aal g Judal L Al a3l a
example :  4ullly IV de sandll jualic Jia
GroupslAl+ & 2A2+ , Al*3 |, Ag,*?!
n ,+2 SC+3

Cation name=metal name (as written in the periodic table) s Jsaall 3 e LS ani gils
Al cliall iy el Bl ma g ) Jsaall




Metals Whose Charge
Is Invariant from One Compound
to Another

Group

Metal lon N Numb
Li Li* Lithium 1A
Na Na’ Sodium 1A
K K7 Potassium 1A
Rb Rb™ Rubidium 1A
Cs Cs' Cesium 1A
Be Be?”* Beryllium 2A
Mg Mg?* Magnesium  2A
Ca Ca?t Calcium 2A
Sr Sr?” Strontium 2A
Ba Ba?” Barium 2A
Al AP Aluminum 3A
Zn Zn*? Zinc .
Sc Sc?! Scandium .
Ag™” Ag’ Silver o

2- Metals with Variable Charges:
Metals whose ions can have more than one possible charge

503 e JISI L) (5 sSa l oh 5 B pkiall Ais B Cld ol 3lal)

Name = metal name+ (charge as a Roman numeral in parentheses).

il g )l A8 YL o815 Al
Some Metals That Form Cations with Different Charges

Metal lon Name Older Name*
Chromium et Chromium(il) Chromaus
cr” Chromiumilli| Chromic
lron Fo* Ironill} Ferrous
Fo*’ Iron{iil) Farric
Cobalt Co*’ Cobakt(1l) Cobaltous
Co®' Cobakt/1ll] Cobaltic
Copper Cu' Copperll| Cuprous
Cu’' Copperll) Cupric
Tin Sn' TinlHl) Stannous
Sn'’ Tin|IV) Stannic
Mercury Hgy "' Mercurylll Mercurous
Hg** Mercurylll) Mercuric
Lead Pb** Lead|ll) Plumbous
Pt Lead{IV) Plumbic
REIN &r_ Jlia

Fe*3iron (Il ), Co*3cobalt (III)

e ) sl SH afhensd die
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3- Polyatomic ion ...... name of polyatomic ion 3_ 3l s Jadd (iS5 aaatiall <l HAM dus gall S Y)
d::m sddxiall
NH4+!

For anions : <l 383U (o) Zallad) asa il Il pualiall

1- For nonmetal.... Stem nonmetal+ ide 4ilgs auaiy U S

2- Polyatomic ion.... name of polyatomic ion
8 LS Sy 5 A gall Aaall) Jaagy SUI () g SBY 5 318 (e (3 5S5 Gl e Y 4 V) QLS Hall dpandi vie Gaw Le adle
Leiles 8 Calmiy o LS (s ALl Ain )l I ey (550 Jsaall 8 5m 5

+Ilde

Naming Ionic Compounds

> Cation first, then anion

» Monatomic cation = name of the

element
»Ca?* = calcium ion
> Monatomic anion = root -ide
*>Cl- = chloride
=CaCl, = calcium chloride

lonic Compound

Identify the cation first and name It

[ |

Polyatomic Cation | Metal with Transition Metal
one charge (May have more than one charge)

Ex. NH,*
w Ex. Cu?*

(Ammonium) Ex. Mg?*
(Maxgnnsglum) (Copper (II) or Cupric)

| J

Identify the anion and name it

[ |

Nonmetal Polyatomic Anion

Element — Ex. OH- (Hydroxide), S0, (Sulfate)
Change suffix to -ide

Ex. CI' (Chloride), O? (Oxide)
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naming transition metal

Lnil) a8 pe JEEY) peaiall (€5 IS 24 5) 34 apaall Jie i e SS) Lgpal AIGEY) ol ) mny
e g I a8 Il xS

Al s SB35 jde

Celly e Jlia

FeCl; wmssy iron (111 )chloride

Fe™ and Cl™1 3+ 4l alal b e U ey cliadll 8 Jols

Example: Naming binary ionic with variable charge metal ?

CuF;

1.Identify cation and anion

F=F because itis Group 7

Cu = Cu?** to balance the two (-) charges from 2 F~
2.Name the cation

Cu?* = copper(ll)

3.Name the anion

F~ = fluoride

4 \Write the cation name first, then the anion name
copper(ll) fluoride

metals ions with invariant charge( 4ul 4iad aa (5318 () 5) can have only one possible charge so they are
named without the oxidation number (charge ) 3uSY) a8 ) (s Sy AL Adad I3 (g 318l ¢ oY)

Lit , Ca*?

metals ions with variable charge ) 3 4a aa 538 0l can have more than one possible charge are
named

name of metals + roman numeral charge

Fe*? write asiron (Il)
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Naming the compound containing polyatomic ions : <l Al 8aasie 4 63Y) LS jall s
Polyatomic ion :are single ions that contain more than one atoms, name the ionic compound :
Name of cation +name of anion 3,3 (e S5 e (5 gia (815 2l 5 o5l 58

The Name and charge of polyatomic ion do NOT change.
oty Y et die <l HAN aatall G W) Al g al

Name Formula | | Name Formula
acetate C.H0,- hypochlorite CIo-
carbonate < CO4 chlorite ClO.-
bicarbonate <7— HCO5" chlorate ClO5-
hydroxide =— OH- perchlorate clO,-
nitrate gt NO. sulfate < |50,
nitrite < NO.- sulfite =<— |50
chromate Cro2- hydrogen sulfate HSO .-
dichromate Cr.0,7- (aka bisulfate) 4
Phosphate == PO hydrogen sulfite | oo _
ammonium  =_— NH,* (aka bisulfite) 3

* The 1ons indicated wih this arrow <= are to be memorized (their
names, formulas, and charges)

Notice that the name of the polyatomic ion is written as is:
NO “ide” is added to the names of the polyatomic ions in compounds.

Lead) il Y il Al aawiall i oY) dpand die oLEY) agall (e
Ide
Example: Li, Cr; 0,

Lithium dichromate

3-5: Binary Molecular Compounds:

Molecular compounds :are composed of two or more nonmetals ,bonded by covalent bonds.
e Ludt Ayl g Cpsdast o 4 3 puie (3 (98 plall (Fla Ay ad) S jal)

The formula for a molecular compound cannot readily be determined from its constituent elements
because the same combination of elements may form many different molecular compounds ,each
with a different formula and name:

—Nitrogen and oxygen form all of the following unique molecular compounds
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NO, NO,, N,O, N,O4, N,O,4, and N,O-.

2
0

Prefix
mono
cii
tri
tetra
Ppenta
hexa
name of base name of hepta
prefix 1st prefix 2nd element octa

element + -ide B

deca

Molecular Compounds: are composed of two or more nonmetal .

1- Write the name of element with smallest group number first
JBY) de sanall G paial) ol <8

L 0ONOOALN 2

c

2- If the two element are in same group write the name of element with the greatest row

number first
3- Uses the prefixes that indicate the number of atoms present

Example: naming each compound ?
NI3 nitrogen triiodide
PCls phosphorus pentachloride

P, S; tetra phosphorus decasulfide

Note: If there is only one atom

of the first element in the

formula, the prefix mono is

normally omitted (not written).
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Naming acid : aleal) 4aud
Acids are molecular compounds that form H* when dissolved in water for example HCI, H; so,
slall (& sy Ladie aa sl (s a o ssisn s S e s
to indicate the compound is dissolved in water (aq) is written after the formula

* Sour taste

¢ Dissolve many metals such as Zn, Fe, Mg; but not Au, Ag, Pt

i 31 pa ap3al) 3 oy
e Formula generally starts with H , e.g., HCl, H,SO,

< lay le JSAH

ACIDS
Formula has H a
= -"':i-g

£ 3

AL
Binary acids I r Oxyancids :'
3 contain o

[ contain salce
Naming Binary Acids

base name |
hydro of nonmetal
= “+ =-ic

Types of acids

Binary acids = H*+ nonmetal anion  for example HCI
Oxyacid’s = H* cation + polyatomic anion HNO5 , H,S0,
e ide and ate endings of anions change to ic:
NOs" + H* > HNO;
Nitrate ion Nitric acid
Ch+ H* -> HCl

Chloride ion Hydrochloric acid
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Assignment: Write the name or formula for the following compounds, and
mention the type of each of them (ionic, covalent, acid)

Compound Compound
Formula Name Type Farmula Name Type
Calcum chionde Carbon dimda
Faalh Hydmchlone aoid
LF Pzl
Copper{l} bromde Nrirogen infonda
Mig{NDs): B0
Feasa (i}
CusS HE«
Sodium nitrilz Na:P0
253 Ditrydsogen monaode
Bhginium hydrowide W)
CuzC05 Ha5
FefHCOnn Dinirogen tetrahydnde
Ammanium sulite SaF 4z
HHM0; 5Fs
AR Niirogen monmode
AIDHE SiF
Earium bicarboraiz N0
g Cal0HR
Example (3-9) page 64
Naming :
HNO; Nitric acid
HCIO3 Chloric acid
H,SO; Sulfurous acid
HF Hydrofluoric acid
H,SO, Sulfuric acid

3.7 Molar Mass: Counting Atoms by Weighing Them:

—lts unit is the “MOLE”"=the chemist’s “dozen” (4uJ2) Jsall & cluasll & (ulidll o2
*The Mole as a unit vs. “Dozen” as an unit:
—The unit “dozen” is associated with 12units. sas5 12 e (5 gia3 4% 3l

8an 5 12 Ao (o giad A jall o)) 5 jlal agaliia ga )y ala il 2ae e (g ging J gl ) 2 sacailall
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—The unit “mole” is associated with 6.022x102%3 particles . and atoms or molecular
*There is Avogadro’s number of particles in every mole of substance:

— 6.022x10% particles is known as Avogadro’s number.

—1mole=6.022x1023 particles

Formula Mass (amu) : The mass of an individual molecule or formula unit, expressed in “ amu
”(atomic mass unit) 4 Al ALY 3as )

v'also known as molecular mass or molecular weight.

sl ALY SIS e 5y ALK

v'Sum of the masses of the a toms in a single molecule or formula unit

B2 gl) Aapall o) 53 IS (8 M JiSN ¢ sana

Formula mass of :H20=[2x(1.0lamuH)]+[1x(16.00amu0)]=18.02amu

G293 Joaadl 53 sa gall 43 jad) ALSIL 4y g e il A 230 oy Allig S pa JSI A4y Jad) ALK a6 () Lia 3 gacilal)

What is the molecular mass or molecular weight ?

it is mass of on individual molecule (formula unite ) the mass of molecule is the sum of the masses of the
atoms that make it up (expressin amu)

Molecular mass : it is mass of on individual molecule . the sum of the atoms that make it up
Molecular mass= Y, number of element atom X its atomic mass
For example water H,0 in formula unit Molecular mass= 2(1)+1(16)= 18 amu (atomic mass unite)

Molar mass for water = 18 g\mole

the exact chemical formula of that substance!

~ The molar mass can be calculated for any substance by summation
of the atomic masses (from the periodic table) of all the atoms of
elements present this substance’'s formula:

An element’'s molar mass in grams per mole (g/mol) is numerically
equal to the element’'s atomic mass in atomic mass units (amu).

v Examples: Calculate the molar mass (g/mol) for:

- Molar mass of water (H.O) = (2=1) + (1=16) = 18 g/mol

- Molar mass of oxygen (O,) = 2x16 = 32 g/mol

- Molar mass of NaCl = (1=23) + (1=35) = 58 g/mal

- Molar mass of glucose (CgH20g) = (12=6) + (12=1) + (16=8) = 180 g/mol

ool sl e ae 43 Hlie g Y ge () AD st (e Y 6l alls S pall Jigad) & are QIS 1




17

mass
mole=———
molar mass

1 mole= 6.022x 1023 partical )

Example : how many Mg atoms in 0.200g ?

mas =22099 _ 873 x 1073 mole (24.31 from periodic table )

mole = =
molar mass 24.31

we know :
1 mole= 6.022x 1023 partical )
8.23 X 1073 mole =7??????? atom

6.022x102%3x 8.23 x1073
= =4.95 x 102! atoms
1 mole

How many H,0 molecules are in 5 g?

Molecular mass = ), number of element * atomic mass of element
Molar mass = (1*2)+(1*16)=18 g

Moles = 5\18 = 0,278 mol

Convert mole to molecules

1 mole= 6.022x 1023 partical )

6.022x1023x 0.278
1 mole

= 1.67X% 1023 molecules

How many grams of Co, are in 6.75X 1022 molecules of Co,?

Convert molecules to mole :

1 mole........ 6.022 x 1023 molecules
?2?? mole ............ 6.75% 10?2 molecules
ok (B by @ Jals

1%6.75X10%2 _ 1
——————= 1.12 X 107" moles Co,
6.022X10

Molar mass (Co;) = 1% 12+ 2 * 16 = 44g\mol
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Mass (Co,) = (1.12 X 1071 )(44)=4.93g

How many moles of CL, are presentin 71.0g CL,?

Relation between moles and mass is mole = mass\ molar mass
So the molar mass for CL, = 2 * 35.5 = 71g\mole

Moles = 71.0\71 = 1mole

Example :

1- How many moles of H.O are there is 100 g H,O7

2- Calculate the number of iron atoms present in a 4 g piece of iron.
3- How many CO molecules are there in 2.67 moles of CO7?

4- How many moles of NH., are there in 0.2 Kg MH,7?

5- VW hatis the mass (g) of 4.3 =102 atoms of silver?

G- Calculate the number of oxygen molecules in 250 g oxygen

3-6 Composition of Compounds :

chemical formula: is useful to know the number of atoms and their ratio also the chemical formulas
used to show the reaction in the form of chemical equation

Mass percent composition :

It is the mass present of one element to the total mass all element in the molecule.

mass of element in 1 mole of compound

x 100

% mass percent of element =
mass of 1 mole of compound

Example (3-10 ) page 66

Calculate the mass percent of Clin Freon -112(C, cl,F,)

Answer :

Molecular mass for (C, cl,F, )= number of element atom X its atomic mass

=2(12)+4(35.45)+2(19)=203.8 g \ mole
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4(35.45)

= 0
038 X 100 =69.57%

% mass percent of Cl =

Calculate the molar mass of each of compound :

1- K,S

Molar mass= (2x 39.1) + 1(32.1) = 110.3 g\mole
2- Caz(PO4 )3

Molar mass= (3x40.1)+2(1*31+ 4*16) = 310.3 g

3.7:determining chemical formula from experimental data :

* Empirical Formula: Simplest whole-number ratio of the atoms of elements in
a compound .

Empirical Formula can be calculate by knowing the mass percent of each element in the
compound Syl 8 juaiall daus 48 ey 4 5Y) drpall Clua oSy

An empirical formula represents a ratio of atoms or a ratio of moles of atoms, not a ratio of
masses Ul Cuwly Y gall o S A s Jiad Ll Y] dduall

Example: a compound contains 28% nitrogen and 72% oxygen calculate the empirical formula?
Convert from percent to gram X100

Nitrogen 28 g and oxygen 72g

Mole (N)= — = =28.95 mole
atomic mass 14
Mole (0) )= __mass T2 4.5 mole

atomic mass 16
The Empirical Formula Ny O, 5 gosea a8 4y o8 5 e UL g Al giia e Aapall 024

Ny,Opc 2 @@ pa

N, Og eusis
Jle ahall L Lam jili Ay siall Aually A o8 ) 131 1 Aage Adaadle

ala 72 %5 %72

This means: In a 100 g sample of aspirin:
60% C=60gC , 448% H=448gH , 3552% 0=35529g0

What is the difference between empirical and molecular formula ?

Empirical formula | molecular formula
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It is the simplest whole number ratio of the atoms | It is the actual number of atoms of element in the

of the element in the compound compound it is a multiple of the empirical formula

Example : CH, * The molecular formula is a multiple of the
empirical formula.

It is the actual formula of the compound.

Knowing the molecular formula, you can
determine the molecular mass of the compound.

molecular formula= empirical formula X number

Tena 2y g paa Al oY) ddpal) @l ¢ B ke Ay ) daal)
CH,
Ly jad) Dl sy
C;Hy , C4Hg
A compound containing nitrogen and oxygen is decomposed in laboratory and

produce 24.5 g nitrogen and 70 g oxygen calculate the empirical formula the
compound ?

Solution :
1 mole of N -14.01 g of N
??2?mole —» 24.5 g of N

1x24.5

Number of mole N= ” = 1.748 mole
1 mole of O -»16 g of O

??2?mole - 70 g of O

Number of mole O= 1:20 = 4.375 mole

N1_748 04_375 — N 1.748 0 4375
1.748  4.375

N; O, thecorrect 2 @ pal sl (e paldsl SN, O
The empirical formula= N, Os

Calculating molecular formula for compound
LS jall 4 ) drpall s
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»  The molar mass is a whole-number multiple of the empirical formula molar mass, the
sum of the masses of all the atoms in the empirical formula:

molar mass
n= empirical formula molar mass

Butanedione contain the element carbon hydrogen and oxygen the empirical
formula
C, H; 0 and molar mass 86.09g\mole find the molecular formula?

Solution:
The molar mass for empirical mass = 2(12)+3(1)+1(16)=43.04 g\mole

_ 86.09

T 43.04
molecular formula= C, Hy O,

Chemical Reactions : 4zl ool

Reactions involve chemical changes in matter resulting in new substances or involve rearrangement
of atoms to produce new molecules .

B3 S e S AN s i Bale ) s
elements are not transmuted during a reaction
Jelill ol pualial) J85 & ¥
Elements cannot be changed into other elements in a chemical reaction.
Jelal) (Ul 5 3l jualic i ol S Y palisll
Chemical equation : are shorthand way to describe the chemical reaction
sl Jelill) Cia gl 3 paida diva
* Provides information about the reaction

1- formulas of reactants and products z! sill 3 C3le il mua 55 dapall
2- states of reactants and products gl sl 5 S3lelatal) A
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3- relative numbers of reactant and product molecules that are required 4=l il mia 53
sl 5 ke Liall

4- can be used to determine weights of reactants used and products that can be made
Aaalill s Aelana) ol sall ol 5 ) aaas
Balance Chemical Equations 4 sall 4l dalaal)

Chemical Equations must be balanced in such way that an equal number of atoms of each element on
both sides of the arrow  Ciigall (4 gluadia &l 3 230 (983 Cungy &ILA (459 g

CHa(g) + 2 02(g) ® CO2(g) + 2 H20(g
Symbols Used in Equations:
Symbols used to indicate state after chemical
Sl Jelil) sy saldll s e Cojail w3350 5
v (g) = gas; (/) = liquid; (s) = solid
v (aq) = aqueous = dissolved in water

Energy symbols used above the arrow for decomposition reactions ? aedl e pasiy a3 §ga )

Al aMe e
v A= heat
v hv=light

v" shock = mechanical

v' elec = electrical

Balance each of the following chemical equations:
Ha(ge) + Cla(e) = HC ()
Cu-O(s) + Cls) —= Culs) + COE)
Co{MNO ) s(ag) + (MNELL ) -S0og) — Cosbhals) + NHgMNOs(ag)
COo(r) + CaSiOqy) + T1O) — 5105(s) + Ca(HCOCO )a(a
Cull () + O.(g) — CO.(g) + H.O(g)

Co,04(s) + C(s) — Co(s) + CO.{g)
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3.10 Chemical Bonds :

Compounds are made of atoms held together by bonds. 4aul 5 ans ge ddaii jo i3 e 48 5 LS )
Ly,

¢ chemical bonds :the force of attraction between the atoms which come from the attraction
between electron and proton

O S alad (e 3 gl a2 s A (a3 8 a1 Ailasl) dal 5 )

Chemical bonds form because they lower the potential energy between the charged particles
that compose atoms. 53l 45 jSall 45 gadiall Claanall c (Al a5l A8la & (aladSY) o Ailasll ol 5 )11 ¢ S8

Chemical bonds can be classified into three types , depending.on the types of atoms
involved in the bonding:

LA E oo p ool Ao Jayl gl o da daatis £ o) A L) andli duilassl) Jay g )

lonic bond 4 sl 4dayl
Covalent bond 4wl 4dayl

Metallic bond 4l ddal

Types of Atoms Type of Bond Characteristic of Bond
Metal and nonmetal Tonic Electrons transferred
Nonmetal and nonmetal Covalent Electrons shared
Metal and metal Metallic Electrons pooled

1- lonic bonds 4sis) 42, result when electrons have been transferred between atoms,
resulting in oppositely charged ions that attract each other and generally found when
metal atoms bond to nonmetal atoms

il I s Lae s AuaSlaial) il Aais Gl g <ol Ay g SN QS (e () 5SE Adasl & i V) Ay )

N S e JSis 0 5S3

Method:
Electron transfer <y ya<iy) Jlas)

2- Covalent bonds; 4sealud 4k, result when two atoms share some of their electrons and
generally found when nonmetal atoms bond together or Semiconductors with nonmetal
or Semiconductors with Semiconductors for example :H, O
U oles) aa SUY o) WY g SV G 55 g SIV (8 (50 (o AS Jlie A ()5S gan Luail) Ay )
C"_z\)'m\ ol & &\)m\ oludl o
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H o H(2:1) Covalent compound may have single double or triple
H — Hor O = 0O or N = N

Shared electrons hold the atoms together by attracting nuclei of both atoms
o sill ol sy Gy () adai Ol Al ( AS pidiall <l g yiSIV)

Method: electron sharing < xSV AS jlis

Single covalent bond: A covalent bond formed by sharing one electron pair. Represented by a
single line: H—H <lig AN ¢ 3al g 7 95 4S L die (oS5 Aday) 5 & alay) dday) )

v'Double covalent bond: formed by sharing two electron pairs.
Represented by a double line: O=0 «lig AN (ra G 55 A4S jldia (o (9855 ALY Aday) )

v'Triple covalent bond: formed by sharing three electron pairs.

Represented by a triple line :NSN iy 5N (e z)53) 3 48 jldia (e 0985 LI Ayl )

Shape of Line No.of shared €~ | Nlame of Covalent bond
S'male line S [ 6 poawr=2:e” Sins\e H—H
Dovble ine  — | 2 pairs = 4 e~ double 0=0
Triple line.  __ | 3 pairs = 6™ 'TFiphz N=nN

Metallic Bond :occurs in metals .Since metals have low ionization energies ,they tend to lose electrons

easily ,forming an electron sea, in which ,all of the atoms in a metal lattice pool(release)their valence

electrons(delocalize). sl 4 s AV Aol 45 oS 4l g 05 5N 288 ) Jach & Lmidia (ol d8a Ll SN ) ey,
S e il SN 5 S cpn iy S 353 S Jm s SN

Metallic bonding results from attraction of cation to the delocalized electrons
23S palia ) s sall U V) Gy 3l 68 () 555 A 4 31al) Adayl )
If the number of valance electrons increases the strength of the metal bond increase

Ay lall dday) 11 368 chal y <ol Hlall sal<al) il g yi<Y sae o)y WS
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Metal ion (nucleus
+ core electrons)

Sea of mobile

Method: electron pooling (electron see of delocalized electrons) valence electrons
. eLG d&l‘

O S iy 1K) Ly L5 Copmn IS sl I ) L 55 o RS0l (51 o) 2 2l A
g ) o) g Lo sl 0 591 oy 5 s I Al o3 5 iy S0 A (555 301SE0 g S

3.11 Representing Valence Electrons with Dots (Lewis Structures)

(o) ghl'd\ Juial) ddaca) g gBLSAY) il gkt Jfial

Simple diagrams to visualize the number of valence electrons in atoms of main-group elements

by dots .The dots are placed around the element’s symbol | with a maximum of two dots preside

.Each dot represents one valence electron.

‘;} )A.ud\ B’S) dPEJP}Am‘ OM}.LISJ‘RL.MI‘}WJM &LILD}AMM )m\.\ﬂ;ﬂlﬁﬂ\ &Lﬁh})ﬁﬁ\ e ):\}.;aﬂlauud:\.m.\}&
O RSN Jiad adads JS5 (il ) oSy dga S

The number of valence electrons form a in group element is equal to the group number of the

element (except for helium ,which is in group 8A but has only two valence electrons).

Ao ganall 3 S asbiell laele de ganall a8 (5 gl Aty Cile ganall 3 jeaiall ey Jsn &3sSial) SN Gl I 2ae
oSl 2 Jasd 4l g 4l

While the exact location of dots is not critical ,here we first place dots singly before
pairing(except for helium which always has two paired dots)

G0 75 Al Ll o saligh) lacle L) JaSs @lld aay g dag Y1 clgadl Jm JoVU (53 8 juaiall 3y Jsa aliill guad
RREPRNHY
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The electron configuration of Oxygen is as follows:

1= EENTE—

g

& valence
electrons

Its Lewlis structure is as follows:

. " 6 dots representing
-O: valence electrons

Lewis structure for all period 2 elements: 4l 5 5 sall o i

Ll- 1BE| -B- 'C.' |N: -Q: :E: :N.e:
Draw the Lewis structure of phosphorus
Dl G o Jiad s )
L
- ®
®
L

For example ;potassium and chlorine have the Lewis structures:
LI ]

K- CI:

- w}@\ﬁm‘)}ﬂ\@ewu},\l\hﬁjﬁcdu\d,g._w‘_gc
A.HUAA&UJJKSS\@@&L;AL@J\L;\EM@___’B‘)QS.\MQ‘,SS‘;SS_))XSHBJSDS&EJQ))SS\?MU)J\EJSJEQJEJ&J
Aol Gl ) paliall

K- :Cl: — K" [:Cl:]

-

S Anlay ) 5 aals s N S o g geall 553 ¢ 2 Sl g a s geall O SV Sl oS e A U
pensa i) G dalay s UL iy ST i




Na™ [::S:: 1~ Na™t

The correct chemical formula is Na2S.
. ‘;A 2\;&;.4:]\ @\.A:\S]\ 4\.«:\;43\

Sy S aal s S ) 2 sl 5 g N iy p g S ) SIS o a5V S ) (585 i A U
Dy SIS 050 () dalas s MUl

Ca: [l
Ca’" 2[:CL1 ]
CaCl,

Lattic Energy: The energy required to completely separate a mole of a solid ionic compound into its
gaseous ions.

e ead beall Al 5 s S el (e g Jad] e 3501 28U

The ions are arranged in a pattern called a crystal lattice.
Crystal lattice maximizes the attractions between cations and anions ,leading to the most

stable arrangement.

Lattice energy increases with:
—increasing charge on the ions

—decreasing size of ions
sl A o) Al A8 aaiat ¢
Ahadi yall Gl aaa -2 eVl diad Hlaie -1
paall 5 JEYI clinal) culd @l 500 4y ) ol Aeal) A8la e ST LSV aaall s YD cliaill @l @l 0 4y 5l Al Al of
) (MQCI2 e &k 4 43l ,S1 NaCl)

Physical Properties of lonic Compounds:
A ) il pall Ay 3l () 53
High melting points e jleail 4a )

Usually greater than 300°C
oumalis 300 e SIS 3ale

v'High boiling points 4dle glle 4s 5
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v'Hard and brittle solids &3 gy 4l leia
v'All are crystal line solids at room temperature. 4zl 55 jall 4 jo 3 dlia Wil

v'Do not conduct electricity ,but when in their liquid state they act as strong electrolytes s«
S sill A58 (065 AL Alall 3 (S g Aball Al 3 3l 56D HLll Alia s

v'Solid and liquid states are thermal insulators.
Lla Jolse 0sSE ALl dball s 3

v'"Many solid ionic compounds are soluble in water
] Ll b ol sl AL Abial) 46 ) LSyl (g 2yl

3.13 Lewis Structures: Covalent Bonding:
dranLudil) Jag) g1t (gt el

Hydrogen and oxygen have the following Lewis structures: s s Jiiail ks Leliad cpans ¥ 5 Cpa s shel)
[

H- -0O:

-
Al O IV 3 G 5 el e G2 dai (Al 1R Al (I deay ST i Iy 5y S 5Y () a3l

*
- L
I I - - I I

L)
Electrons that are shared between two atoms are called bonding pairs (or shared pairs) of electrons.
A8 i) 2550 5 A ) )5 30L cp HA (s AS jidall i s SISV s
Electrons that are only on one atom are called lone pairs (or unshared pairs) electrons
odin 5 750 (oani 4S jida pall Gy IV

. -
Bonding .
pair H:O:H
‘\5_ Lone
~ pair

Bonding pair electrons are often represented by dashes (lines)to emphasize that they are a
chemical bond.

Remember that each dash represents a pair of shared electrons

Al Alal Ll o gl (lshas) Aa sy L 50l 55 s ) i Le e

A8 il i 5 S e ) Jiag Ak JS ) SN

- (';'1:
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iOlOi 3 .O..O. -OZO:

3.14 Electronegativity and Bond Polarity
dgadadl) A 51 5 Al g s

Electronegativity:

Is the relative ability of atoms to attract shared electrons. 4 jLiall <y 5<IV) s e 5 )l a

]
&1 Tl gl ————————————————|—-

LU | Ba B [ M o F
1.0 | 1.5 zo| 25| 31| =5 | 41
Ha | g LT -H P 5 =]
10 | 1.3 16 |18 | 24| 25| 22
K | Ca| S | T v |l cr| W Fe | Co | M| Cu| Zn | Ga | Ga | &s | S= | Br
oA |1 |12 | 18| 985 |16 | 15|17 |17 |98 | 1. | 1.7 |98 | 20| 22| 24| 28
Ak | Er L Zr |k [ Mo | Te | Fu | B | Pa | sg | ca | In | Sn | S | Te I
o8 (10|18 |12| 13 |1=) 14| 1a| 95| 14| 14|45 |15 17| 1.8 | 20 | 22
s [ Ba | La | s | Ta | w | Re | O | ® Pt | A [ Hg | T | Pe| B | Po | A
o= (o8| 91 |12]14 |14 )| 15| a5 |96 |15 | 14|95 |15 |16 ]| 1.7 | 2.8 | 20
Fr | Ra | &= | Lanrandes: 10-1.2
o% | o9 | 10 | Acticedes 10-13
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’ Bulupasll g8

aaylll 9

v'is higher for nonmetals ;fluorine has the highest with a value of 4.0 s < Y 8 4l S s el
4 LAJ\AE.AJ ‘)jm‘ _aic

v'is lower for metals ;cesium and francium have the lowest value of 0.7 <l 3all 8 430 )¢S Al J3)
ol A s e 8

®The greater the difference ,the more POLAR the bond
dpdaall chal y 3 all oy LS
The Continuum of Bond Tvpes

[ Pure (nonpolar) J Polar

covalent bond covalent bond

ﬁ'

lanic boned

00

Electrons shared Electrons shared Electrons
equally unequally transferred
— A A

- “ e -

i i i

I 1 |
., | f 1

0.0 0,4 2.0 3.3

Electronegativity difference, AL

TABLE 3.6 The Effect of Electronegativity Difference on Bond Type

Electronegativity Difference (AEN) Bond Type Example
Small (0-0.4) Covalent Cl,
Intermediate (0.4-2.0) Polar covalent HCI
Large (2.0+) lonic NaCl

1- Aplad je gdnlad ooy Gpend I sl dneabiodl) ddayl Hll
2 il U s e Cofedie (o0 (o (S5 R k) Al )
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3- =2.9-21 Al ,eSl Anllull agin 3 AN SIS 5 Gaa g paed) e (ialiae 5850 G Adadll ddal i
Aol Al )1 i gz o L Jaul )1 i s ) kil L 0.8

4.14 Bond Energy and Bond Length
aday) ) Jgha g ddayl ) A8l

Bond Energy :the amount of energy ,in the gaseous state ,needed to break one mole of a bond in a

compound
SRS 20 5\ WS POSCN PRSWEN PRI EA 4 BN B DR L -t B Y

Chemical reactions involve breaking bonds in reactant molecules and making new bonds to
create the products.

Banaa Jaol g5 (nsSi g dag) 50 S Caaag Alesll e i)

= Trendsin Bond Energies:

=  |In general, the more electrons two atoms share, the stronger the
covalent bond.

— C=C (B37 kJ) = C=C (611 kJ) = C—C (347 kJ)
— CEN(891 kJ)>C =N (615 kJ) = C—N (305 kJ)
= |n general, the shorter the covalent bond, the stronger the bond.
— Br—F (237 kJd) = Br—CI1 (218 kJ) = Br—Br (193 kJ)
— Bonds get weaker down the column.
— Bonds get stronger across the period.
adayl 5l (5588 UL e pus] S Adls ) 2 lat g (o 68) CulS jaal 3oyl ) CulS LS o) ple JRG 431 4 aaly
Gl peall Al pual 5, Gle geadl) & Adria

Bond Length :

The distance between the nuclei of bonded atoms
Aol ) OrisSe G 38153 O Adlasall e 5o

F’%l pn\){ I(” ’;9 |1;11)|
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+ In general, the more electrons two atoms share, the shorter the

covalent bond.
— C=C (120 pm) < C=C (134 pm) < C—C (154 pm)
— C=N (116 pm) < C=N (128 pm) < C—N (147 pm)
+ Generally, bond length decreases from left to right across a period.
+ Generally, bond length increases down the column.
+ In general, as bonds get longer, they also get weaker.

+ Triple bond is short and strong & single bond is long and weak
Canaal 5 J shal pala¥) dday) ) g (5 581 5yl 45NN day) )

+ Juadl) 138 e Alind

Whichof these s an empirical formula? 25 %62 < i Tha empiricalformulafor i, skt 3 sy s

L CH A CHy
B (Hy

B. KO,
€ CHy

o D. CH,

A ND, o) o o f b oy

Molecutarshapes areshownwith _ formukas il Jigal K Usethe periodictable toanswer the following question:

Which pair of elements should form anionic compound?
¥ e S el gl

L structursl s
B, mokecular B. Kand$ 583 3 cu
(' ampin C. NandO
(. empirical

D. PandCl

D. chemical




All of the following elements are diatomic except:
he Lo g 4508 A0l pualiall apen

A. Hydrogen

B. Nitrogen
<I

C. Sulfur <y s

D. Chlorine

33

Four of the diatomic elements arein the famiky known as the:
dim e pane Ay WAL o 4
A Alkali metals

B. Alkaline earth metals

(. Chalcogens

D. Halogens

Inionic bonds, electronsare: J 33 & j&sisll i€ 3 A single bond equals __shared electrons.
S Sl 2 ol pinagalay aday

L

A transferred o the metal A.
B. transferred tothe nonmetal &2 J (¥ & B,
(. shared between two nonmetals C.
D. shared between two metals D.

Sodium (Na) forms covalent bonds.
Apatlad Jal g ) 055 2 33 el
A. True

B. Falsedsl slasgldhal )y iapasall oY

1

2

4

Use the periodic table to answer the following question:
Elements and compounds are classified as:

A, mixtures
B. ionicsubstances

C. pure substances

D. molecularsubstances

Q 1. What is the empirical formula for CaH1204?

A. C2He02.
B. CH30. 4 s 4 jal) dayall dacdy
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C. C2H30:a.

D. C4H120a.

Q 2. Which of the following is an atomic element?

A. Bra.

B. Pa.

C.Fe.

D. Ss.

Q 3. Molecular formula represents the actual number of atoms present in the
compound while the empirical formula represents the simplest whole-number
ratio of these elements.

A. True.

B. False.

Q 4. lonic bond is formed by ................... of electrons between ................ .
A. sharing, two nonmetals.

B. transfer, two metals.

C. sharing, two metal.

D. transfer, metal and nonmetal.

Q 5. Carbon monoxide is an example of ...................... .

A. atomic element.

B. molecular element.

C. molecular compound.

D. None.

Q 1. The formula mass of COzis .....c..ccovveuenee. .

A. 44 g/mol.

B. 44 amu.

C. 32 g/mol.

D. 12 amu.

Q 2. Acids are the molecular compounds that form (proton) H+ when dissolved in
water.

A. True. B. False. That ion

Q 3. The molar mass of Al2(CO3)zequals to ......cceeeveerecrrennenne. .
A. 234 g/mol.

B. 200 g.

C. 195 g/mol.

D.234g.
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Q 4. The mass% of carbon in glucose (C6H1206) iS ....cvvueevereerevecrecneene.
(knowing that: C=12,H=1, O =16 g/mol).

A. 20%.

B. 30%.

C. 40%.

D. 50%.

Q 5. The molecular formula of a compound that has molar mass = 180 g/mol and
empirical formula (CH20) is .

A. CH20.

B. C2H40:.

C. C4HsOa.

D. CeH120es.
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