Democritus The concept of an atom as a sphere and the

basic unit of all matter.

Lavoisier  All atoms of the same element have the same
mass.

Joseph Proust The Law of Definite Proportions.

(For a given compound, the elements always combine in the
same proportion).

John Dalton The Law of Multiple Proportions.

(Two elements A and B can form different compounds by
combining in different proportions).

—Atoms are small, discrete, indivisible pieces of
matter.

— All elements are made up of particles called atoms.

— An element’s atoms are identical in size, mass, &
chemical properties.




J. J. Thomson ('Plum Pudding’ Model)
Experiment: Cathode ray tube

Discover the electron and determine the electron’s charge-
to-mass ratio.

Millikan
Experiment: Oil drop

Determine the charge on an electron and find the mass of
the electron as approximately 1/2000 of the mass of a
hydrogen atom.

Ernest Rutherford
Experiment: Gold foil

Discover the atom’s nucleus.

e The atom contains a tiny, dense center called the
nucleus.

e The nucleus has essentially the entire mass of the atom.

— The electrons weigh so little they give practically no
mass to the atom.

e The nucleus is positively charged.



—The amount of positive charge balances the
negative charge of the electrons.

— The electrons are dispersed in the empty space of
the atom surrounding the nucleus.

James Chadwick

Discover the neutrons.

Hydrgen and oxygen can react to form two compounds A &
B with different chemical and physical properties.
Compound A has an O:H mass ratio = 8:1 and compound B
has an O:H mass ratio = 16:1. This observation is consistent
with the law of

A) Definite proportions.
B) Energy conservation.
C) Multiple proportions.
D) Mass conservation.
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Chapter 1: Matter & Measurements
Jesson 4{: Classification & 3states of Mgtter

# In{:moluctfdn : d:h’d 3
Podey . (P2

;./\_/\N\/\/\/\/ %\ .3
"*‘:u:/,

Q1. What is Chemistrd ?
A'j-- Chem?strﬁ is the S\Zuoly of matter and its Chomaes.

Q 2. What is the matter ?

A 2. The matter is anything +hat taKes up Space and has
AmMass .

Q3 . What is the matter ~made -me ?
A 3. The matter is made of atoms ond molecules .

Wwhere

Aloms are Submicrscopic particles dhat cmstitute the
basic bui ldans blocks of mmalter .

Molecules

are Qroup of atoms held together by Chemical
bonds.

<he\o’ = bonded)

Chemis‘:rn is the science Hhak seeks +o understand the

behavior of mmatter by s\:udy'm\cj e behavoir of ikts
atoms and mmolecules .

)
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#% Classificaktion of Motter
\/\/\/\/\/\/\/\/\/\/\N\/

A) ACCOT‘G“YB 1o Camposi‘cimn:
Maﬁer 1S C’_\ass’n-{:(ec\ ac,c_orc\ina‘co the bhasic Componen\:s
that mmake it up.

€-Qq: Carbon mmonoxide CCO) Contaoins Carbon aktom and
O?Cdaem aktom held koae‘ﬁner by Chemical |o0ﬂcl‘m3.

B) ACCoro\ins ‘o plm/sicd skate

é\:a}:es of MaH’%
{ ¥ 3
So\id L‘\quicl G\as

e (8

State of ma¥er is Chanaed by Yarying
The '\:empera\:ure "

én 3enem4;
'D'\H:eren\.’, S’Cruc\:ures o-F atoms anc‘ ~molecules lead to

d'\ﬂ:eren\: pmpert’ses of Ma-\—\—er .

(.4 what are +he differences bebween +he three
different States of matter ?
PageNo.@
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A 4.

Comparison loekween the 3

states of molter

Property

3olid

L‘:quiol

Gas

1)  Shape

2) Yolume

3) Motion

of poarticles

Ll) Gompresst b’.\ﬂ:y

5) Example

ll

Fixed shape
(R'\ gt d >

'Fixed Vo\ume_

Particles in fixed
locations so, They

Can Oﬂly Vibrate.

Nokt easy *o
Cormpmss

Tce

No fixed Shape
(shape of the

Conkainer )

Fixed volume

Particles can
¥ree\7 amnove but
with less deﬂ ree

os Compamcl +o qes

Not easy Yo
Compress

L?quid water

No fixed shape
(shape of whole
Ccml:o“mcr>

No fixed volume
(expomo\s to Fill

the Cown\:a‘nner)
Particles can
‘F‘ﬂ’_e‘\/ move
ﬂmu&hou\: +he

whole Comtainer

Easy to Comprress

wakter vapor

Page No. @
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Solid skate

L

ers Ealline
Atoms

eranae_d in pPatterng

or moleculer are

of \ona_ranse repca\—mj

order.

e.g- Diamond

!
Ammorphous
Atoms or smolecules are
nok arranged in pattern
of long- vange vepeating

order.

=9 G\\ass

<< Summa-ﬂ of State Chanaes S

r iy
[ Increasing temperature >
Ice Water Water vapor
& » & ; ;T‘;{-“"“Ey % y
fatali ~ POy &
& 4 &6 E (:w, 4 \ej -e: A
’; P ‘W-W,é“'] ‘\},q -
eLt Sop Yo" ¢ 0
£ vav e N
) Melting R Vaporizing Y
Freezin, Condensin,
SOLID & LIQUID & GAS
Sublimation
Deposition
A .

Page No. @
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#* C\GSS?‘CQCO\Z(O’H o!; Md‘H'er‘ .

NN NN NN N NN AN NS

v

Y

% Pure Substances

A N . O Y

They are Composed of ome

Qubstance and Can't be

Physi caﬂ\/ Sepofote_o\ }

Y

Y
Element

Tt can’t be

broken down
by Chemical
reackions.

e.g- He 7 Oz,Fe

%
Com pouno\

v

s« Mixkures 4

N~

They are Composed of Amore

than one Subskance and

Can loe phys{Ca“x/ Sepofa\:cd.

Homoa eneouA

It can be
Chnemi cally
Separated into
its elemenkts.
eg- waker Can
be C,hemmcal\x(
SeFara*fed o

H &« O-atoms
(wa{:er: HZO)

It has uniform

properties .
e-g- Tea.- Suﬂar

solukion,; air

Y

Heteroseneow:

Tt doean't has
uniform
properties
Throughout -

e-q. Somdy
waker

Page No. @
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Chapter 1: Matter & Measurements
Lesson 2. physical & Chemical Chanaes

and properties

GU_. What is the phySiCa\ Chanﬂe ?

Ad.
Ib is the Change that alters only 4he skate (aneoranCe)
of matter bubt without Change n \Ys Compoesition.

e.g- O A A
Tce water Yapor
(H20) (H20) (H20)

Q2. what is the Chemical Change 7
A 2.
Tt is he Chanﬁe thalt alters the Composition of amatter.
2-q-
Burring of fvel . CgHg g, (2_) » (02, + H0

—

Different molecules

As an evidence :\’-or Yhe Chemical Change, the appearance and
behavoir of mmatter are Chc.nse.d.

e.g-

(Rus\:ins of fron . a permanant Color Change <an indicate

Yhat a chemical Chanse ‘s happenﬁd-

Page No. @
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Q 3. What is the difference between physical and

Chemical Chanaes 7

A3.

physi cal Change

Chemical Change

Molecules

Compos'\t\'oﬂ

not C\nmnged
nokt C\nanseo(

Chang ed
Cha nged

& Properties of matter :

Properties of Matter
Y

%
ph\/ sical properties

The pmper\:y tnat a substonce
displays without Change in ks
Composition . examples:

- Boiling point .

4 Me\\'mg poink -
oy Densi\:y.

— Viscosity.

- Color.

— odour-

¥

Chemical Properties

The Pmper\:\/ that agubstance
displays with Changing in ks
Composikion through Chemical
Change . examples»

- ‘E;urn’mg n air .

— Heat decomposition.

—~ Reaction with another Substance

- —F'ammab\’\’v\:)l PRI

Page No. @
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% Matter and Mmeasurements :
A Ve VI Y W D N

% WorK :
It is Yhe action of Torce 't'\nroush Distance .

+ Kinekic eriergy s (KE)

IE is +the o\o'«l’n\:y to do work -(energy requwed to
do WorK) r

* po\:en\:\’aL V. K’me\:ic energies

Potential energy (PE) Kinetic energy (KE)
The energy stored in the The energy that the matter
body k)y ks Posi‘:fon- possesses duye Yo iks amokion.
e q. - KE < KE < KE
Stored battery , raised ball (Sokid) (Liquid) ~ (Gas)

— As fempemtum increases,

as KE increases.

Page No.
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% Law of Conservation of Energy :

"Energy Can be Converted between pol:en\:fa\ and
Kinetic energy -
i-e. Energy is neither created nor deskroyed.

In other words, Eneray has many Lorms (LTSM: I'Hnerma\
Chemi cal, —~»~---) and it can le '\'_ransjeormeo‘ ‘%vm orne-porm

to omother .
Q
\

Max PE Min PE
Min KE Max KE

/]

Page No.
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Chapter' 1. Mdater & Measurements

Lessornn 4 5 Uniks of Messusermernts &

Densi'\-:j Calculations

@2. what are the uniks of mmeasvremenks ?

A.

TTr\eY ore the standard quantities Hhab wsed to specify the

Measuremenk s .

« Common Unmik Syskems e

J ' }
Imperial Metric system
S\IS\:em Scientists use the wternational
Syskem of uniks (ST) which is
bosed on the mebric system.
Measurement Metric S1
Length mekter (w) meker (m)
* Volume Liter (L) Cubic meter (m?3)
% Mass aram ( 9) Kilo qram (K3>
% Temperatore Celsius (°C) Kelvin  (K)
Time Second ($) Secomd (s)

Page Na. (10
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N.B.
=% Lena‘H’) S
N E NGNS S
Both metnc and ST SYS\ZCYY]S use mmeter (m).

buk -Y—cf Svall disktances Cenbimeter

Cann be used.

L "m = 00 Cwa
L A = 329.4 in

1L m = L09g \/d

x ass ¥ We‘g\"t 2

NN AN e AN ATANS

Mass s the mmeasure os; -\’\f\ﬂ_c\Uon\'iE’ of matter within the O\ojC-Cb :

while the We‘\a\r\\: is e measure of Yhe gravi Llenal pull on ks matter.
1 K = 2.214b . = 1000Q o = bk
3 ; Ka a i a l/OO\(j

%« Volume
NNNANANAAL

Tt is the Space Yhak occupied by maottrer .
L' = 1000 mL

L L. = 1.06 c‘t

‘Me mwml = 41 qt
1000 L = 4 w3

iday:i).‘-lh

L h = 60 mn Page No. @
i mam = G0 S
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]
-

x "Temperakure

R P N P |

Jhere are B Commien umiks ‘.?Qr \:cmperature.

Ce\sius Fahrenhe'\\: Kelvin
(M) ("F) (K)
s EXample :

Fr*eezhnj (’m&\\-inj)po'm\:‘ of water is 0°C UZa B or 293 K.

3> "Tempercture —Units wnkerconversions s

= (LBAC) 130

or

K = C + 2F3.1S
° _ ('F -3z > e
1-8

-]

Q. Convert 350°F %o °C

. ‘c NE9s2 _ 350-32

— — 17Z°C
1.8 1.8

I

Q. Convert 298 K +o °C

C = K -27308 =~ 248 _2723.18 = 257

o

Page No. @
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% Prefixes & Prefix mu\’crphers .

VVWW\N\/\M

lo inCrease or decrease the size of Unik, Some

ngixes
(Power of 10) are used.

T

Prelixes thak increase

Prefixes thak decrease
Kilo (K) = 1000 or 105 deci ()1 = 10’l
mega (M) = 1000000 or 106 Cenki e b~ ‘0—2
giga (g) = \Oq il (m) = \0-3
tera (T) = 0" wicro (M) = 10°°

peka (P) = \0“5

basthe (n) = 107
Pico (p) = \O—‘2
femto (£) = O °
L |
Now 3

4 Density:
N~ Ao~

Tk is the amount o(: matter in a substance Per unit

volume . d = dens'\\:y
M = YNass m
Y = volume | dlv

4 Unikts of o\ensi\:y are *

S/L_, Lor doses 5 3/mL for Liquids

5 S/Cm3 Cor Solids

Page No. @
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(- A 8288 o Sasdle of ML  bow velore oF gl el
what s e density, " 9/cm3, of the HDL Sample ?
A
Given : 0.258 q HDL 3 0.215 cm® HDL .
Need : Dens‘\l:y of HDL .

Dens'&\/: Mass _ 0.258 g
Volume 0.3/ Cm>

Relakive density (4o waker)

Substance that has qreater densx'\:\/ than water =—\. SinKs

1.20 Ylem® -

but that with less d@nsﬂ:\/ ,=y- Floats over Yhe water.

Density Calculations by volume clisP/aCemenk

In Some Cases; Yhe volome of objed: Can be calculated loy

addinj e objzc‘: to waker in ﬂroc\ua\:e_o( cylinder .

Q. what is the densiky of  43.0 q Sample of melal f the level
of weter in a gradvated cylinder rises From 25.0 ml to
33.0 mL ofter the mekal is added ?7

A.

Volume of metal (\m{ displacement) = 33.0 ~25.0 = 8 mL

do 1 o BRI . g B oo 8O 83

Vv 8.0 mL
g NS Faee No- ({4)
- ,\a-.“.—g")
s M

s
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ChOPteY‘ 2 : Atoms, Malecules, ions & Periodicity
Lesson 2 : Atomic ‘l’heorj & atomic struckure

9 - g u.p
* LQW O‘F Conservalion of fmo‘H'e.r: “Lavoisier d-a!)v‘,., -
NM—\_/WVV\_,VW w - daed
stated that: polalt &

Matter is neither Created nor destroyed in Chemical reackions®,

Tokal mass of reactants =  Tokal mass of products

or

Tokal number of re.oc.\:ins otoms = Tokal number of 'Pma\uceol atoms.

% Atomic '\:hecmj of mmatter “ Dalton’s i’hqorgj‘:

Dalton stated 4hak :

- Aboms are small, discrete, indivisible Pieces of matter-

- Al elements ore made up of particles called “altoms °

- An element s atoms are identical in size, mass , and Chemical
properties .

— Molecules (Compounds ) are formed when two or more elements
Combine.

- Molkcules are s\mp\e whole-number rakios of the Combined

elements

Page No. @
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% ‘Thomson’s experiment :
N NSNS A

Thomson Conducted omn experiment n which —ve Choraed

eleckrode (Cathode) s placed near to magnetic field and

detector is placed ab the other side to detect +he “eleck on
so,

Thomson's exPerimen‘: Confirms the presence of the elecktron.

A Milli Kan oil exper'\mem\: :
NN NSNS AN NAANA NN e

This experiment Conduckted to measure dhe Charge of eleckron.
Result :
eleckron Chorae, s - 1.60%¥ lOH G ve. ~Ve Charged.
eleckron mass 1 q,| x (g% 9 i-e. S0 small

s Plum_puddmj Madel b\I thomeon
B S P e N D P 4

Thomson pPropased thak :

The akom is Composed of positive cloud of matter in which

the C\EC‘:Y'O‘Y\S ave embcclcle.cl.

electon :- = _i}é
» - l.’ \
Plum g +\'
;{i- 8 e(f
\
7
Ny
Positive Charge
"dough”

Page No. @
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# Rutherford’s Gold Foil ExPeﬂment:
\M/MN\/\AMMM/W

Conclu sions of +he experimcnt:

— Atom Contains a tiny, dense Cemter Called "nucleys”.

— The nucleus has essentsol\Y Hhe mass of the atom.

% No moass 2or eleckrms “So \iftle”.

— The nucleua is pos‘\k‘me_\y Charged and the amount f positive
Charge within the nucleus equals to the neso\:wc Cnarges of electrons.

_'Rui-he.r:gord’s stvdent ” James Chadwich"” developed the nuclear
theory and proposed Yak theve are neukysl parkicles within the

nucleus Called "neukbrons”.
F\'nany;'
=y A\:oms (Par‘:iclesy are Composed o-F +hree. Subatomic por':fcles:

Subokomic. Particle Charge| Mass (9) Mass Camu)
& Droked +1 | rezr x 07 1
% Neukron 0 163 X1 1
% eleckron ~4 | AN X0 | Neghigble

pProtons and neutrms owre \ocated within the

nucleun (N mass of ohorm) buk the eleckrms are >>Q

MOVing outside angund the nuclewa .

Page No. @
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“ Atomic Number =~ Z

e

It is the number of protons inside the nucleus that determines

the element'’s idem\:{ty-

« Tsotopes
S~~~

Some. elemenks have atoms of different mass only because

Yhese ctoms differ 1n the number of meukrons .

i-e-  Qame atomic number uk different mass number

e-s.
i3 ;’\ Abomic niombas (Z) = WNo.of protons = No.of electvms.

27
~—__ » Mass nvmber(A): No. of protons 4 No. 405 Neukvons

example o isctopen :

Carbbon - 12 ; Carlbbon - 13  ; Carbon - 14
|2 13 14
G'C GC GC
Protons - 6 p* 6 p* 6 p*
elecktrons € e- & e- 6 e-
Neuktrons - 6 n F n 8 n
(A (Z)
whevre ; ]\\o.op neutvons = Mass No. Atcvmac_ No.
* iSo’copes of hydrogen :
2 3
llH s IH i \H
protens = electims L i 1 Page No. @
Neubrons 0 4

1 daaaia nf\\I"-_' “ca -
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Q. Menkion the nombers of protons | eleckrons & neubtrons in:

32
0. ‘GS Bl ¥ 8= o wermecibroie
és
b. zc‘cu P=2a ; €=z29 5 n= 65 -29 = 3¢
240
(Y qu P=92 ; e=92 ; n=z= 240 -92 = |48
2

—_—

Q. Whak are the joms °¢

Tons are atoms (or group of o\:oms) with positive (+) or
neaal:‘nn:_ () Charge and ‘\'hey ave formed lo\/ losinj or gaining

electron (s).

e.q.
3 : N
Los‘maz “Na —> &7 4 oNq Cation
l
Ga‘minj F}C‘ - T S mCl_ Anion
K K I, K ek %

Page No. @



Taibah University Preparatory Year \\l

(BADR Branch) Chem. 101 _
Dr. Khaled Khalil Chapter: 2 -Llesson: 5 Yalf

Ch.2: lesson 2: Periodic —roble>7

— —_—— —

' Mendeleey developed the first periodic table. He proposed
+hok .
# When the elements are arranged in order of increasing

otomic mass, Certain seks of properties recur period\‘Co“Y.

% Some elemenkts haye simmilar physical and chemical properties,

he ov\rcmﬁe.cl them in Columns .

"Modern Periodic Table
NN TSNS T

+ The elements are orfonge_d Arom left to ¥ight in increasing
Atomic Number (h°‘J§' protons Z) rather ¥han atomic mass
as Mendeleev sugqented.

# Rows in pericdic table ave Called * Periods” ; while

4 Columns in periodic table ave Called " grovps or fomilies of
elements with Similar properties .

% e modern Periodic table g organized i 8 main Aroups
with lefter A : 1A — 38A.

4 There are Series of elements lie betwezn +he man group 2

and 3 , are called " Transikion elements with lettey B -«

Page No. @
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« Classificotion of elemenkts >
\/\/\-/\J\/\A/\/Wv\/\_/-\/

« Elewents, in Hne periodic table, ave classified inbto :

- Metals
N~~~

They lic om the \ower left side and midde of the

periodic table, they are ¢

- Good Conductors of heat and electricity -

- Malleable ond duckile (Shope.d n Sheets and wires).

~ Shiny .

- \os‘ms electron (s) +o form cakioms (+ve Chorged ions).
— 357 of the elements In the pericdic toble.

— AW are solids except mevcury  Hg s Liquid.

— Non 'me\:a\s .
AN~~~/

They lie on  the Lvpper rish\: side of the periodic fable.
They are
— Qoser, Liquids , or solids.
— Poor Conductors of heat and eleckricity -
— Qoining electron ¢s) o form Anions ( —ve Charged ions).

— nok ductile and not malleable .

— Meta\loio\s: (Semametols)
eAANSANAN

-~ They \ie °\°'n3 Zigzag line bekween mekals and nonmetals, so
~ they have mixed properties- They are solids
— They are poor of Condvctor of heat e, (2)

— They are Known as Semicondvctors .
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e IOY\S Og ’H.)e. amMain amup e\em@n‘ts °
N TN A T e — A e

In general;

% AlKali metals (Gm\)p iA) are very wackive and have a“:endencY

to lose One electron and form +1 ions-.

% AlKaline earth metals (G\mup ZA) ave veackive but less ¥nan
grovp 1A, Yhey hove tendency +o lose two electrons and form

+2 ioms .

#* Hq\oaens (Gmup 7A) are very reactive omnd tend *to qain

One eleckron and form _ 4 ioms.

& Noble aase/; or inert %ase/a ( G\mup 8A> are unreackive So,

+h31 have no '\'endenC:‘ ‘o lose or Qam e\eckrons.

4n aenezra-\;
4% Main group elemenks +hak 2orm cations (vmekals) Carry Charge
equals to ¥he qroup number .
e.q. Na \iesin grovp 1A, so, orms Cation with ane ave Charge -
Mg =~ . « 2A, . “ o v two o« ”

A‘ " v " 3A ) " " v o ﬂ_ﬁmc
Thuss  Nat |, Mgzt | AlBY
4 Main grovp elements that form Anions (non-mekals) Carry
C.harae. e.qu‘als to (GNUP RlG.: = 8)

€.q- Cl Yes in growp FA, so Jorms anion with onie —ve Chorge.

Page No.
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% lransition elemenfs qPovm various ions with differenkt Chargen
So, No rule to predick-

Ena!lyz mektals and nonwmekals tend 4o lose or gain eleckroni(s)

+o reach the electronic Con#r\c]umb'on of the nearest roble

aas .

% Atomic Mass and Isotopes :
WWW\/\NVW\/

The atomic mass of an element is nok o simple whole nymber of

olomic mass uwnits (omu) but ik is an average mass o all of

ks atowms -('\sokopes) -

Abomic Mass = Z. (Notural abundance of 1gatope % Mass of isotope ) .
e-q
Q). Calcwlate +he atomic we;dh\: ot Mg isotoper ;| Giventhat
#.0Y Mg-245 10071 Mg-25 5 107 Mg
A.
rir.sb; Converk Percenk —to—y Decimal

(% 100)

Thuo; AHomic wWeight = (079 x24) + (0.0 X25) 4+ (0.1 X26) = 24.3
J

Q. Calculate atomic weight of Cl isotopes ; Given Hhot
F5.37/ Cl-35 and 24.23/ CI_3F 7

Page No. ( 9]
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Ch.2: Lesson 6: Mole & Molar Mass

% Mole :

7o Calculale the amounks of Substances in Chemical
reactions, Chemists use the standard quan/ﬁfy Called * Mole .

Where -

1 mole of any substonce <ontains Avcﬁadm's nvmber
(6.022x10°*) of 4w porkicles of this substance (atoms or

molecules) -

So, 1 Mole = 6.022)([63 Portide_s @

In periodic_ table; each element has amolar /mass <€-3- Carbon

has atomic. "™ass |2>; it means the mass of element per one vole.

So,

Mo\es = Mass

MOlOr Mas.:

whevre;
Mass : the mass given for element or Cgmpound
Molar Mass : is+the atomic. mass of element ($rom Periodic
table) or Molecular mass of Compound <Sum of
atomic masses of all molecule akowms ).

Examp’es:
Q'i. HOW 'W\ar\y M‘3 atOYns Qre N 0.200 3 ?

A.

S‘:epi : Cov\verl: mMmass (9) to moles (USe E"\~ 2) Page No. 1@'
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s Moles — Mass = JOS00N8 o 8.23 x¢53 mol

MO‘OY Mass 24.3| |2
from Periodic Table. Ms
Step 21 (Gonvert wmoles to aktoms @ s

(Eq. 'L> — { vosle = 6,022 X16T abovis

Thuns -
1 wole = > 6.022 )(lOz3 atoms
8.23)(!53 mol """:‘“‘-% 7  atoms

. No. J% Ms atoms =(8.23 Xl53mo|> (6-0227“023 “bm‘/mol)

— 4.95 ¥ 10°' atoms

QZ. How many H,0 molecules are 1n 5 g ?
A.

Step L . Convert mass to moles - moles =

p—

Mass
MO lar Mass

buk Yor Gwmpounds , You need to Calculote Molar Mass <Molccu\ar
MQSS) 5

Molecular Mass of H,0 = (2 X | ) 4+ (1 X16) = I8 9

?emember well :
Molecular Mass = Z (No.af element X Altomic Mass of e/emenf)
(me Periodic 'rélale)

Now:  Moles = Mass 5  _ 0.278 wmol
Molay Mass /3

Page No. 11
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Stcp 2 : Converk omoles +, molecules

6.022 X 10°> mmolecules

1 vole =

0.2F8 ol oSt 2 o0 ? molecule s

Molecules of water = (0.273 ml)(G.OZZ X0 mlec..:'m)

I.6# XIOZB mole culea .

Q-?’ How many Jrams of CO, are in 6.7S X!O22 molecules of
CO, ? .
A.

Heve , we will do +he oppos’.‘:e;

Converkt moleculea Lo moles -

Step 1 -
1 wole e 6.022>(|013 moleculea
From Qiven ? wole i oo 6RAS X0 molecules
&S e o
Moles (COZ) = ! 0 = .12 X 10 moles CO,
6.022 x|p0*3
Step 2:  converk moles +o mass

ot Mass (Coz) = Moles X Molar Mass
From Perodic
but: Molar Mass (C0.) = (I1X12) + (2X16) = 44 3§/, Table

2 Moss (CO) = (LI2XIG" ) ( 44) = 4.93 3 % Page No. 73)
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2% Pm b/ems .
W W 4

@i HOW man)/ ’W)o/eS OF Clz, are Prese,nt in 71.0 3 C|z ?
A.

.- Relakion betweenn Moles & Mass is: Moles — —WA
so NO'OYNGSS

‘g'nrsl:'y, Calcwlak Molor mass of Cl, = 2 X 35.5 = F|  fnl

So,

MO\QS (_C ‘2) = 2'0 3 — 1 Mole s
S/l

Q.2 How many akoms of Al are precemt in 54 9 Al ?
A.

Hjnt; t'o CalCVJa/(I. No.zj akovng 2 7/0“ lf)ave f.‘o Calcuﬂa-t ’mOIQS .

Moles(Al) =_ Mass 54 i Smilioss

Molor Mass 27

<Molm’ Mass of Al From Pen‘odic. table s 27 3/4»10])

but ‘F;bm AVOjadr*o v 1 mole o —» 6.022 >(l0zg atoms Al

2 VY\olc ";_). ?

23
No.?) atoms (Al) = 2. X 6022 X10" = 12044 X(0 atoms

S
y.! )Vt 19
pytat s s
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Ch2 : Lesson 7: Eleckron Con%auration

ée.’)\:’ 9
%% Inl?mclucl:fe'n;

es—l-"i-e-‘""""’g"j

1k 12 vcvd ‘\m‘mr\—_onh o Know the number and the ovranae\mem\:

of the elecktrons in the aktom %o pf‘edic_t how the elemenk will
reack.

oS Q\)an\:um Mechanics -

W\/W\/\/\/‘\/\/\/

The electron’s location i the atomn is described by four
quantum numbers N, |, My, and Mg .

where ; accordcnj Yo+ Pauli exclusion principle

< NO ‘\:WO eleckrons in an GEOYV\ Can hcx\/e_ He Bavre S‘:ovr

>
quan\: um Numbers

« T r'\nc,'s‘:o\ qvan\:um number (n):

IE jndicates the eleckron’s P””GPGl ] ys €7
enevrgy level. ( dis tance from nuc/ew:).

n= 1_3 7 nucles” >2>3>>>>>

Enerj), IQVe/;
2 Anaular CIUan[:um Nnumber (L) :

It indicates +he electrr's orbikal

type S, P, d,F. L= 0 -—n-1

2 3 Page No. @
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S Maﬁnel’fc quan’:um r)umber: /mL

It indicates the orientation of orbital in Space.

’W\L:—t‘—-)O——?-!-L
eg. PR R
S P | 5oy = -1,0, +| L \

4. Spin quantum number : Mg
Tk 'lﬂdiCal:es He direckion ov-
eleckron spin in iks orbital.

Mg = +\/2 or -—\/2

1y

Aac'\ﬂ >

Pauli exclusion principal
“No two electrons Can have Hie Some four quantum

numbers .
<< . T
Eleckronic Co*nf‘f]ura Terg)

From the above quan/'um wmechanics, There are four different

‘t‘ypes of orbikals in the atom : S , P, d, F .

?em:mber Well; the max number of electrons in +hese

orb: R
arbt'a/.s 3 " 7 14

Page No. @
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% Energy orderin3 of electrons :
R = T D D e e P O

<< " »
Aufbau principle» or Bui ldinj Up Pprinciple
The eleckrons Fll the orbitals in order of increasing energy.,

Starb’ng with the lowest energy level orbital available .

. 4ad 4d 4d 4d 4d
Ss = T =
__ PP R 30 3d 3d 3d 3d
4$ D EEm
3p 3p 3p
3s
RBergy; 2 20 2
2s
1s
e.g-
2 2
- qu has 2 electrons ; so it eleckronic Con-[:iavral:u‘mt 15
- 3L.i has 3 electrons ; . . s i . 1s® 28'
= O has 7 electrons ; -~ . = 5 - 1522522p3
I .
— Na has |1 electron.s 5 e - - .. . lSz?.S 2p‘ 33'

Page No. @
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% Orbiksl diaamms

AN SN A A A~

3
for example for Li ; its eleckmmnic Coﬂ&avration ISZ 25|

we Can we the orbikal cliaafom :

wWhere ; EL_ '1

29

each box -reprcnen}:s one orbital and ¢

hal-F..orrow r‘epre/)e.nl:s omMme €\€Ctmﬂ ('1)

<< >
Hund’s rule
NS A I

‘When placing electrons in an orbikals of same energy.

the electvons oare first placed Sins\yn
e.g.
3 2 2 3
for n‘.\:mae,n N  has electronic Cm-»;isurati(m: 1S: 25 2p

Box orbital diagram of N

H
3p 3p 3p
* U0 &

2s

Hund’s rule: When placing
electrons in an orbital of the
same energy, the electrons
ir are first placed singly.
S

Page No. @
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% Valence electrons :
\/\/\/\/\/\/\_/\N\_j

The Sum of eleckrons +hal are Pr‘e/aeml' in the outer energy
level of +he akom.
ermP}e;

i
Sodium atom Na bhas eleckronic Cor)qcnlﬂurab‘o'n :

1

NQ b 2;8 91

18 28%2p° 3¢
s
Core eleckrons Valence eleckronsg

(10) 1)

The valence eleckrons Participate in bonding, 7Corminj
Cations (:16 los/:> and anions (.F aamec[).

- 14
example ; Silicon atom Si has electronic Co*n')cfﬁufal:fon

Si:z,S,l—l

1S*  28% 2p°  3s* 3p°
X /| N\ /
Core electroms Valence. electrons

(10) (4)

We Can SI’m/D/)/ substitule the Core electrons with the neares t
noble aas (o-f Same. number oF e’ecfmns)

So,
I ® |
Na IS 25% 2p 3g or LNel 38

Page No. @
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% Electron Corn-ﬁraura/:fm and Ions -
\N\/\/\/\/W\/\/\/\M/\/\/\/

Dun‘rlj the chemical reactioms, the eleckrons are removed

from or added 4o the Valence shell (putermosk energy level)

-FOYmFNﬂ Cations or anioms respecl‘ive/)/.

Tons
" . ¥
Catians Anioms
—~ Ore +ve Charged aloms " — are —ve Charged atoms
<No. of electrons < No.d} pmbons) <No. 4 eleckrons > No. 4} protons )
— Metals form caktions ~Nonmetals form anioms -
e-q- e.g-.
Sodivm : “Na : 15* zszzpé as C_hlorine:ﬁCl 2 187 2572p° 3¢ 3[;5
[Nel 3s' [Nel 3s” 3pS
Na atom loses one eleckron Cl atem gains ome electron
%o be stable (ke [Ne1"). Yo be stoble (ke [Ar]"™).
Na : [Nel CI” : [Nel 38°3F° or CAr]

{ é M 1 \,.J ” % Page No. @
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Ch.2 :Lesson 8 : Periodic Trends

& Inktroduction
—— e~

Te number of valence electrons (Group No.) in an element

determines iks reod‘.i\/i\:y.

“ Effective Nuclear Chorae» ZeFF
N T S~

It is +he pulling force an electron” feels” from +he protoms in
the mucleus .

The Closer electrons to nucleua feel a greater pulling Rorce,
So, More energy is needed to remove..

A\so, the electrons in the valence shell have lesa Zeff so,

+h€‘)’ are e.os'\\y yemoved .

Valence electron

L

In general ; Ze;f inCreases
acress +he Perzocls and decreases

going down the qroups .

Zeff. increases n

— - > e

[ ///;// | PEROSS Z Sodium Atom (Na)
7y Z 2
2 =0
¢ 7 = v

!

Zett Y
decreases Page No. @
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4 Nuclear Cha@e Shieldinj effeck .
WWVW

The inner (Core) electrms in an otom Shield the outer electroms
gmm the possl:ive Nnuclear Charge.

but Zq:p iNCrcases across the perfocl dve to the inComplete sh;eldinj

by Core electrons 1y sSubshells.

Shie ldinj abii;ﬁ of subshell : S> P > d > £

4 Atom?c. raciius :
R NP Y |

Because the atoms dov’t have adelimte edge , So the atomic
radivs is Calculated when the atom is bounded to ancther atom.

< e Atomic Radius increases
@ elo|le|e .
@ e olele|e|c|e
19|00 elelelele|e|e|ele|ec]|c|0
@ O0olelelelele|eo|e|eo|eo|o|e|c|®
N.B. Qoelololeleleleolo/oleo|oleo|c]®
(™)
Atomic. cadius. TLqiEe Sogronce AEEEEEEEEEEEEE I
between two bonded atoms. E_L(y(«(«b(.
Atomic radiwb is hfa”)‘y foccked
b Ze#n

% Jonization energy: (IE)
"\/\/\/W\N\’\-’\/VV\/

TE s +he energy required to remove an electron from an atom

in the gas phase. It is endothermic (absorbed).
The 1% TE increases across +he period and
decreases ¢joing down +he Qrovp, Page No. (g)
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TN/

Q. Explain why noble gases have max iomizakion energy 7

A. Noble gases have Completed energy \evels with electrons  so,

they are very stable , so not easy to remove electron from

their orbitals,

15t
LE

decreases

% Electron AFFM‘:\:Y : (EA)

"W\N\M/W\/

4t TE

inCreases

}

dEETE oL

-

Akomic Radius

It is the Change in energy (AE) When an atom Jains an electron

to form

7

AE = 4+ve or ~ve

Eleckron a‘FFin:l:y (aE) depends on the e~ repulsions and the volume

oF 4‘}‘)2 a".‘o'm.

Across the period, As Zegp increases as EA increases and in grovps
Zeff decreases down the grovp So, EA decreases.

IA_ Electron Affinities (kJ/mol)

SA

H He

=73 | 2A 30 4A S5A  6A 7A | >0

EA Li | Be B C N | o F | Ne
-60 | >0 =27 | -122| >0 |-141|-328| >0

decreases Na [ Mgl [si|p[s |[alar
-53 | >0 -43 | -134 | =72 | =200 | -349 | >0

K Ca Ga | Ge As Se Br Kr

—48' | =2 =30 | -119 | -78 | =195 | =325 | >0

Rb Sr In Sn Sb Te 1 Xe

2SS -30 | -107 | -103 | =190 | =295 | >0

Increasing EA

>
>

EA o Zegf

Page No. @
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e ExCep\:?le o
RSO —=

4¢ EA (nonmetals)

form anions

> EA (metals)

form Catioms

bQCOUSQ ‘F. a\:am hOS Sma“er VO\\)MC SD' %mqter e‘cctmﬂ mpuls{m,

* EA s area‘:esl': .?or hqlosen grovp -

80, halogens form h‘sh‘\/ stable anions
* EA of fluorine < EA of Chlorine
>

EA (Grouvp :l.)

> EA (Group2)

because group 2 clements have a full valence ghell (8)

* EA ( Noble 3qses> ~ 0

because hoble ases CGnmup‘Z) have Sull valence shells so

they are qu’»\:e stable e_nerse.tioally

% Properties of Metals &% Nonmetals :
B N i T S N e 4

Metallic character of an element relates

to how Closzly its pnopef‘\:ies maltech the
typical propertiea of metal -

Mektallie
Characker

iNncreases

s
ﬂ""tl/ N b «le'
%\ LX)
,%,
G

~

Metallic Character

decreases

Group Number Group Number

h.'

lllh

‘-uunvowhunma\o

~bvn»mu~m~~u;u

&Nunhﬂh@' 'CN’N"'..
ﬁ&k

"] nonmetals
"] metals

Page No. (1'6)



General Trends in the Periodic Table

Atomic Radius / Bond length increase

Electron Affinity /Electronegativity/ lonization Energy
Effective Nuclear Charge (Zeff) increase

s
"3-':.”3__‘_,‘_

9
gy

o ¥ ]

%k 3k %k 3k 5k 3k 5k >k 5k %k 3k k %k k k

H B metals He
314 Il nonmentals 5167 9 10
Li | Be : BJC]|]N Ne
[l metalloids

1] 12 17 | 18
Na | Mg PlS|ClJA
19 201 21| 22 23 24 125 | 26 | 27|28 29|30 31 32 33|34 |35]) 36

Ca|Sc| T CriMn] Fe JCo| Ni JCu] Zn | Ga Ge As | Se Br | Kr
37 | 38139 |40 | 41 )42 )43 |44 | 45|46 )| 47 | 48 | 49 51|52 |53 ] 54
Rb | Sr| Y | Zr fNo Mo Tc JRuJRh|PdJAg]Cd] In Sn Sb | Te | | | Xe
55 | 56 2173 7475|7677 78 79|80 |81 ]82]83]8 85|86
Cs | Be Hf f Ta | W JRe J Os | Ir | Pt JAuJHg | Tl §Pb] Bi | Po ] At ] Rn
87 | 88 104 | 105 ] 106 | 107 | 108 | 109 | 110 § 111 | 112
Fr | Ra Rf | Db | Sg fBh | Hs | Mt | Ds | Rg | Cn

57 | 58 | 59 | 60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70 | 71
La J Ce | Nd I Nd | Pm | Sm | Eu J Gd ] To | Dy § Ho ] Er | Tm | Yb | Lu
80|90 1911929394 |9 |9 |97 | 98] 99 |100]101]102}]103
AcJ ThjPaJ U | NpJPujAmJCm] Bk ]| Cf | Es|Fm|Md]Noj Lr
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#* Chapter R \S\foichiovne\:r\xj
# Lesson 9 : E’mpeﬁ(:at) Molecular, & Structural

FOrmu‘aS

* Compouncls are made of elemental atoms held {oseﬂner by
chemical bond ; Cormpouno\s have two or move elememks .

Q- whab is +he chemical bond ?

A. Chemical bonds are the ‘{.orces of attrackion between ¥he akows .

which Come From Yhe attvaction pelween protons ¥ eleckrons.

'Tslpes of Chemical
bonds

It is dovmed by equal sharing It s formed by tranfer of one
of electrons lpetween ¥eXwo otoms oy more <eleckyons fl.om one atom
e.s. H20 (v%ﬂ:cf) \s Co*/a\en\: CbmFound to the other ¥01m3n3 Caticm and

H H H,0 anion
2 n 13
\0/ € 2515 eg- Sodwm Na Chlorine  C\
+ Covalent Compounds may have 2854 2,23
Sins\e, dovble oy Eﬁp\e lbonds . N;'- 2,8 Cl 52.%,%
&3- . 0=0 T So, Nar et Page No. @
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A The PPOPer‘\:(es o¥ the -Formeo\ Compour\ol are Co?np\e\te.\y c\j—?\:erent
o ks elements

Property iz Oz mt:zv:z\m\e
% B.p. ~253°C W}t 100°C
%  Skate Gas Gas Liquid
* Hammabiliby | Explosive Necessary used ko
for Combustion vtk
flame

4« Qctet rule -
NS~

Atoms, of main - qrovp elemenks, tend To Combine in such way

fhat each atom has 8 electrons in its valence shell (as

the nearest noble gas ) -

Thus ;

Tn Covalent ComPOUno\s , two nen metals of Same eleckron affimiky
Combine. loy equal sharinS of electroms and Fill their valence shell
with 8 eleckroms to be sgtable.

; g
S ’ 2-‘ 8 / 6 B)’Shariﬂj O . Z, 6
of two eleckrons

Page No. @
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P Represen‘\:"nj Compounds :
WVWV\W\AMJ
Cormpounds are generally vepresented by Chemical formula, where
the Chemical formulas Show the -elemenkts that are in Hhe Cmmpovnd
ond Use Hae letter S\Im\ool of e element .

e.a. H
Methane CHy, H—C—H
"
Molecular formwla  Structural formula Bl = SEiek amodel

% Molecular formula :
N N N T N N N |
It chows the actual number of atoms of

cach element pme.n\: n the Campound.

e.q-
Hzo s Kzs OJ.' Mg CNOS)z

e e ¥ r*—j\'u

1;(:/\?0 2k 1S 40 M3 2N 60

Some Complex ioms: S04 NH; ; NO3 (polyaf:amrc iooos)
(su"FatC) (Ammonium) (Nf/’rdfe)

* Emperroat ‘Formu\a .
D s Ta P D N N 4

IE Shows ovmly the simplest ratio of
(Ato'ms o*? EOCh e\e/mex\\'. W the Compound .

€.9. Molecular formulas H,0, s CeHe '3 é"\q » C3H¢ ; Cy Hg

~
Empcric_a‘ 'Form\;\a; Ho 4 CH A CH,  Page No. @
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4 Struct’urql ‘E)rmula;
R T Y|

It uses lines to repre/be:nt +he

Covalent bonds and Shows how the atoms in +he molecule

are Connecked.

wWhere 3
Shape of Line No.of Shared e~ Name of Covalent bond
Single line ——— [1par=2e~ Single  H-H
Dovble ine  —— | 2 pairs = He™ double 0=0
Triple line  __ | 3 pairs = 6~ Triple  Nzn

@. what is the difference between atomic element and
yolecular element ?
A.
Atomic element Composccl of Single {Y?e of q\:ow\s.e.a. C; He.
Molecular element (s Composed of  amulti —atom molecules
(wi\'\n more Than omne atom ) e.q.
diatomic  molecules like 02 and Cl; .
polyatomic molecules LKe Sg and Py -

Page No. @
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i';‘:r':“:f;' Structural Formulas
H, H—H —©
o, 0—0 (= )
HO | H—HO—H | ¢—@—¢
H,0, |H—0O—0—H |¢—@-@—¢

Example: Ne

Example: O, Example: H,0 Example: NaCl
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3 Chg 3 Stoic:hio*mefrj >

J.esson 10 : Compwnd Formulas and Namn‘n3

2 Introduckion :
I i e e N NP\ 4

Sodivm Chloride (NaCl) is made of sodivm and
Chlorine atoms. it has acCommon name : Table salt  and
sCientific name : Sodium Chloride. .
Most of the Compound s don't have Common names ;S0

‘\‘he\{ are Named aCCoro\’\v\% ‘o Scien\:(—kc rules (SCIenti-FiCﬂQMCS).

# Lonic Compounds <-Formu\os &« Nomes>
NN

Tamic Cmﬂ\anc\ = (+Ve mekal Coﬂuﬂ)-&- ( —ve nonmekal Aﬂ'\O’ﬂ)

the formula unit of iomic Compovno\ must have on equa\ Number
of Ve and —ve Chqraes, So the formula unit has nek

Chorae = ZeroQ

=, - 2+ -—
Na Cl B Mg Br
— N e s
0 0
NaCl MSBY.Z

= HOW '\:o wrike the formula O'F onic Co'mPound Aluminum
oxide ?

Page No. ‘ 6 )
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€9 i 3+
A‘ — qmup 3A _— Al 3t - o=
A’ \;-.:/ O
Metal /7= T
Aluminum Oxide
_L 0 — qmup (< Oz- A|2 03

NOﬂmc\:a\

2+ 2¥
Ca — Growp 2A — Ca Ca '-}.-Cl
eg- 2 r

Calcium Chlovide _

& e

2N Cl
Cl —» Guipdh B NG\ Ca ™l

* Formula —to-Nome Rules for Tonic Compouncls .

% For Catioms:
— A Metal (with invarient chorse) — Name of metal
- B Metal (with variokle charse) —> Nameof metal + Charge
~ polyatomic ion ——>  Nome of polyatomic iom
% for Anions
— For Nonmetal __5 stem of nonmetal name ide

- PO\Y atomic ion —3 WName of ’Po\yo‘\:amic. ion

N.B. Pol\/atovn'ic. ions are Several atoms attached -l:oge‘!'her by

Covalent bonds as one iom -
Page No. (ﬂ
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# Metal ions with variable chorge (Can have more than one

pessible Cha@e) ore named as :
Name of metal o Romon numeral Charzje
F. 24 +
e — . Yom (E) 3 Ci ,__5 Copper(T)
‘H'\e_ Chavao. Can be delermined from the Chorje of anion.

%k Metal ions with mvariont Charde, (Can have Only one poss:ble c,hovae)
So, They ave named without the oxidation number (Chavje)

e.s.
Li 5 Lithiom 5 qu+ —— Colciom

vieta

H N C 2
AR Wl Y. el S o

Chromous

Chromium Chromium(ll)
(0 g Chromium(l1i) Chromic
Iron Fe?* Iron(ll) Ferrous
Fe* Iron(ll1) Ferric
Cobalt Co* Cobalt(11) Cobaltous
Co™ Cobalt(1ll) Cobaltic
Copper Cu' Copper(| Cuprous
25 Cu?® Cogger((ll)) Ctepric

vieta 10! Name

Li Li* Lithium 1A

Na Na* Sodium 1A
K K* Potassium 1A
Mg Mg** Magnesium 2A
Ca Ca* Calcium 2A
Al APt Aluminum 3A
Zn Zn* Zinc *
Ag** Ag' Silver i

Page No.
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* Nammj of Binary Ionic Compounds :

@ B’\Y\Orﬂ Tonic Mekal

- Nonmetal

Compound Cation Anion

@ Name the metal cation -r—'\rsH\/ , then the name of nonmetal anmion.

@ 'r'or ametal Caktiom : w

Invariant Variankt
( Cherge. 1
Name oﬁ- metal Naome o¥ meka\ + C.«V\awsc,

@ for nonmetal aniom :
Name of nonmektal + end (l’de)

)

( For vmekals with invariont Chars

Page No.
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=» Namin

J binard ionicC Compound with  variable Charge melkal .
Transition elemeni‘)

eq. Cuf,
1) Metal Cation + Nonmetal Anion
Cu £
2) GrovpNo. of F ia FA ; 80 3E will be F_

Thua, Cu mmust ke Cudt (to balance 2 F '\oﬂs>

3) Name Cation : Cuz+ = Copper (]I.)
4) Name Anion : F— = Fluoride

s) Final Name : Copper () Flooride

=3 Nammj the Compouno’s C’on[:amirzj polya‘EOmic ions ¢

N\/\N\._/WVW\/WW\./W\/\/\/

—_ ?olyatcmqic iomMs are S'.ry’a ions Hrak Conkan movre +hon- ome

oktomn -
— Name the ionic Compounc‘ : Name of Cation + nName of anion

% Remmber well

N\M/\/\N

b o
- Corbonate CC)?,z — Sulfate : SO,

— Bicarbonate : HCOs— — Sulfite : 5031-
— Hydmx‘.de . OH — Awmmonium - NH:

—  Nikrake : NO3z

— Nitrikte e NOZ Page No. @
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03 Nam.’r)j MOIeCuIar‘ Compouncls :
A T e~

» Molecular Compounds are Composed of two or more monmekals .

?u/es .

1) Write the mame of element with the Smallest grovpP Number
Firsk.

2) If the two elements are in the Same grovp, wrike the

name O‘F elem:nb with the 8real:e5£ row number -;CIYSI.‘.

3) Use the prefixen that ndicote the mumber of toms presenk .

Nome :

Pretix — N e of the ix - N +h
fix — Nam 4 Prefix ame. of Q+7d€

sk
15E elermant: Z”J.elemenb

B> TF dhere i only eme otom for the Prefix No.
g'wst e\ememt , don’t use ¥he pm?-'\x

” 3 mono 1
™Maong - di 2
exomples; tri 3
tetra 4

NI3 : 'nﬁ:Y'OSe_n Trilodide penta 5
hexa 6

Bel 5 PhOSPhO'qu penta chlovide hepta 7
octa 8

nona 9

-Pq S!O . tetr‘qphosphorus cfeca Su"zrl'de deca 10

Page No. @
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*'Namﬂg Acids :
NN R~/
- Acids are molecular Coynpour\ds that prodvce H wihen
dissolved in water €.9- HC‘(_oq.) 3 Ha80y (aq-)
— Acids hove Sour \:asl:e. and Can ATSSo\ve 'Ynany W\e\:ols.

Suchas Zn, Fe, or Mj but mot  Avu, A3 & PE.

'7;';965 of Acids

Y ¥
Binary acids Oxyo cids
AR TS ST (H" e ant
mecta on\cm) H ) 4+ R;\\/ cﬁ:om\c. anom
ea. HC\ e-ﬂ- HN03 2 HzSO).'

% ACde are 'PNCJUCCCI b\/ ada’inJ H+ion to anion ;

SR NOs L, HNOs
Nitrate Nitric acid
H & 1 e HCI
Chloride Hydroc hloric acid
e e de ok K

Page No. (@
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Ch. 3. : Stoichiomatrj
Lesson 11 : Compos?t?cm of Compounds & Chemical e.quotfcms

— —

% Introduckion :
AT

Chemical ‘Formula, eg. H0 |, is use-Fu, 1o Khow the no. 01‘: atoms and
+heir ratio. Also, +he Chemical formulas are wsed to Show +the

reocl:ions in the form of "ChemiCal eqda’::’ons'.

Q. What is the molecular mass or molecular we@ht 7
A.
IE is the moass of on individual molecule (-FOrmula Unﬂ:).

ie. the mass of a molecule js the sum of Pthe masses of the atoms
that make 1t up <expmooec| n omu>o
EXOmple; wakter hos formula unit @ H20

- Molecuwlor mass = Z No.of element X iks atomic mass

Given: H=1;0=16

MO\QCu\oY‘ mMass :( 2 X1 ) A+ (l X l6) =18 amu (a{‘omu'c. mass Un"':).
(H20) ~——— \'EN-’
H

So Molar mass D‘F water is 18 9/mol -

% Mass Percent Composition ;
N A A~

It is the mass pcrcent of one

element to the total mass of all elements in Hhe molecule.

Page No. @
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Z Mass of element — Mass of element (Z)

(2) Molar mass of Compouvnd

Exomple 3

Calculake the mass / of hydmaen n waker 7
A. ’me Periodic Toble
Water has formula vnit ( H,0) H=1; 0=16

X Mass (H) = Mass of H

— X 100
Molor mass of Hy0

2 X |
&

N

X100 = L\/

Examples ; Calculate the molar mass of each of +he fo//owiy
1)y K,S

Molar mass = 2 X Alomic mass(K) 4 41 X Atomic mass (S)

=(2 x 33.1)+ (1x32.1) = 110.3 3/mal

2) C03 (qu )2

Molar mass =(3X 40.1) 3.2 E\X3l)+(4)(lé)]
= 120.3 4+ 2 [31 + 64
= 120.3 4+ 2 (95) = 120.34 190

= 310.3 8/md .

Page No.
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@- Calculate #he mass /i oﬁ OxXygen in HOCH,CH,OH 7?7
A

Penodic Table
i c=12
Molar mass = (2 x 12) 4(6 X1) +(2X16) = 62 Yhnd He 1
0=I6

/i Mass(0) = MassokO 5 _ 26"2'6 X 100= 5l.6 7

Molar Mass

Xk Emperical ﬁ)rmu./a :
S e a4
IE is the simplesé whole -number ratio

of the atoms in a C0mp0und.

= Empericq! formula Can be CalCulaéfrzj b)‘ /Gvowmj the mass

Percenk of each element in +he ComPOuna(.

%) A Compound Conktains 28 7, n?i:najen and 72/ Oxyqen. Caleudals
sts emperFCa' -Formuﬁc‘ ?

A
1. ASSUminj the 85\/211 pe,rcemk as part of {003 of Cﬂmpounc/~ (MOSS).
So, 28 g n‘,l:roaen and F2 9 O"Jje’”'

2. Convert the mass to omoles gr each elemenl .

frnales(/\/) :_..):t—afi—_—_ 23 = 2 ol
A bormic mass | 4

Page No. @
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Now ; Ng O,q,g isnot QCCep'tc.d. (‘Frocl:iovr .’?>

2. Mul'ﬁplx, all wele vakios by the Suitable number +o qet whole

numbers Ror all elements .

So, mu\‘HP‘\/ with 2 . 2 ( N204.5> — N"-l Oq
oo Emper'\CaL formula of the Compaund ia Ny, Oq .

Q. A Compound Conkains 607, Carbon, 4.43 ah\[c‘maem and 35.52%
Oxygen . Calcdake ikts emperical formuda?

H=1
A C=1I12
. 0 =16
Sl:c[:1: ASS\Jm\nj 7A as Mass (3)
C H @]
Z"Porcw\t: &0 4.4 is . S2
Mass ¢ €0 A4 35.52
Sl:cp2: Convert Mass to moles
¢ H @
60 4.48 35.52
1z 1 16
5 mol LHE ol 2.22 mol
To
Step 3 : Divide by the Smallest nomber C2.22)
(e H O
; 443 22 Page No.
2.22 2.22 2.22

2.25 2 1
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Nows ; Cz.zs K, Oy

Tt v vneolt aCCePi’cd (g-rad;;on).

SI:CP A Mu&kply with the suitable number to set all  whole-

ratio.

So, Mulkiply by 4 £. Hy O

Now ;
Q. What is the difference between emperical

and molecular formulas ?
L EmperICa, '{‘;rmuia.

TE is the Simp\esl: whole- number

ratis of the ofoms of Hhe elemenks
in the Compound.

: H /M
Empcﬁca/ formula CH,

So, 'n'F we have on 6MPer.'Cal‘ﬁormU,ea CHZ
So, Holec»laf —Formuia may be :

O"l ’ C?.H‘q 2 C3 Hé

Nvm ber

Decimal H*Mu Hiply 54
0.20 S
25 Z
.33 3
.50 2

|

i MOle cu.,lar grmala -

e e

IEIs the OC{.’UG{ number oF otoms of-
elements in the Compo.,,y,ol. Itis &
multiple of the emPer{ca.{ formula.
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A Chemrcol ?eac’:io-ns and Equoffans:
W\/\/\—/\/\/\/\/\MNV\N\J

- Cbemical reacb.‘o'ns involve rearranﬂemcnk of atoms to produce

new mmolecules.

— Chemical equations ore a shorkhand way to describe +he

Chemical reactions.

+ ChemICal equafn‘mqs 8w¢ basic informab‘an about the reackiom :

— formulas of reactants and products.

= Skates O{: reackants and pmducés (S),(f.),(g) or(Qq.)

Soln'a Liguid as aqueoun
— Relative mumbers a.[. reackanks ond 9 fa) 9
prodvcts n the reaction.
= Wefghts of reactants and pmducl:s,

— Reguired Conditions : A (heot) ; hy (lighk) 5 «----. ete.

# Balanced ChcmiCq/ eciua'b’ans .
B i e e SN o - W

Chemical eqUaifcm must be balanced  in such way +that an

equa| number of atoms of each element on both Sides of the avrow .
e.q.

CHA @ + 2 Oatg) e COz(s) + ZHZO(Q)

1C, 4H, 40 1C, 4H, 40

Q. Balance the —Fonominj Chemical equa{::'ow:
AI(S) -+ 02(9) S AIZO3 (s) ?

4‘A!5) + 3 C)2 @ @ — 2 A\z Oz ) PageNO-
4Al, 60 4AL, €0 ‘s

A.
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Chapler 4 : Chemical Bonding ; Chemical Reaction
Lesson 12 : Reaction Stoichiometrj, Lim’-l:fnj Reactants

and Percent Yield

X Tn\:roo\uc{imﬂ «
R e S

= S\Ioich'\omeh:\ is the calculation of 4he relakive quantitiea of the

re.ac\:cm\:s and pmclud:s N achem“ca‘ reoc\:\'orn .

— Balonced equations
The coefficients in a balanced chemical equation show +he
relotive omounts (in moles) of reactants and products.
e.q.
2 CgHigy + 25 Oz — 16 COzy + 18 HO o)

2 mol 25 mol 16 mol 18 ol
Thua;
Balanced equations gutline how reactants combine %o form products.
. 2mol CgHig react with 25mol 0, (2: 25) T T
also, 2mel CgHig gwe 16 mol COo, (2:16) Rkis

2mol CgHjg give 12 mol H, 0 <2 : IB)

(). Suppose that we burn 22 mol CgHyg , Calculate the formed amount

of CO, ?
From the equation : 2 Cogtlyy ——5 16 CO;
2 mol .. e mel
22 wol b ? Page No. @

moles (C0,) = 22X 16 _ 96 4ol CO,
2

—



Taibah University Preparatory Year

(BADR Branch) Chem. 101 ‘\;’
Dr. Khaled Khalil Chapter: 4 -Lesson: 12 o=

Q. Calculate the wmass of COz produced if /14.223 of
Cg Hig was burnk ? (Given“'hot'. Molar mass CgHg = 114,22 3/,,.,,;)

From the eqdaéim : 8 Molar mass CO, = 42 /ol
2 mol 16 ol

So, F?fslry Convert mass 114,22 3 of Cg Hig to moles -

Moles (C? H:g) = Mass — = 198 = 1 moal
Molar Mass 4. 22
So;
2 CgHig - 16 CO,
2 mol "L, P & ‘6 'mol
1 ol '_,--'\"Q . @
» "moles CCOz_) = Lﬁz_‘_é_ = 3 mol

Now ;

Convert mmoles O‘F COZ +o the r‘equ'\mc\ Mass:

Mass (co)= 8 X4y = 352 9

N.B. T& You asKed about the no. 5§ CO, moleculen produced use
Avogadro's number (6.022 X107 molecules Amol ).

Molecules of CO, = moles X Avogadm's No.

I

24
3 X 6.022XI10°2 = 4.82X 10 molecules.

Dama NAa @
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Q. Tn the —‘:ollow‘\na Pho\:o S\’M‘he/ius process ; howa Many Qrams of
Jlucose CCSH\ZOSB Could be Synthesized fom 37.3 9 €0z ?

Equation: 6 COz + 6 H0 —5 CGHis0c +602  Molor mass (CeHi0¢)= 180.2
A v« (COx)= 44
from the equation: € CO, _—_y C¢H,0¢

€ mol 1 mol

Buk we have thewassof Co0, (37.2 3) . Se You have to Convert it to
raolen :

wmoles (CO;) = Moss 372 = 0.359 mpoles

Moler Mass 44

Thuns,
'Rvm the skoichiomeltric ratiot

6 COz_ —n CC H\ZOG

é W'nol T 4 e "Yhol
0.2854ms) = "> 2 ~moles = 9859 5 143 males
Ce¢H20¢

but Yhe question asks about +he nmass of glucose.

So, We have *to Convert moles to mass wsing Molar many :

Moss (CeHiz0g)= O.143 X 180.2 = 25.3 g 3

Q- Estimate 4he amount of CO., (9) produced in 200% by
the Combustion of 3-’5X(O's a of 3050\\»’19. F 4

Ao Ro\:io 1 2ol Cgl“hgt ‘6-mo|cq
(S
Skepl: Convert 3.SxI10 § to moles of aaSOIine Amol CgHiz=11422 g
IS 13 1 mol CO, = 44 3
moles (aanine) = S5 X0 = 3.06 X0 md Page No.

14.22
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Step 2 =
Fl"om Stoichiomctric ra‘tn'o: 2 1ol Cg H.lg . |6 mol CO?_
3.06 X10> wol =~ ~~.. 7 mol

13
wmolen (COz) = (3'06)('0 )X 16 = 2.45 XlOlL' ol
2

S‘:CP 3: Convert moles of (COZ) to mass :

MOSS (COZ) = mmoler X Molar mass
16
=(2.45 %10 ) (44 9hmi) = .03 X 10" 4

=1.1x10° 5 €O,

Page No. @
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* Limib‘nﬂ Reactant
A SN
the \imi\:ma veackont determines +he amount

of produck Hhat will be proc\uccd in a reackion.

E)(Ompleg 3Ca 4+ 2P N CQ3 PZ
Skoichiometric 3 s 2
ratio

If we start with 2woler Ca and 2 moles 4 P

So, the amount of Ca isn’t enous\r\ o vreack with the 2 vyoles £ P.
Thus; Ca Contrdls the prsduction of Caz P (Wi” Comp\e\‘.e\\( wred up).

So, Ca is the \’\m'\\'.ina reactankt (P is excems reac.l:onl:).

% Excess Reackant :
I i T

This is any reackant that occurs in a Iarger

QVanl:fl:y than is requir‘ed for the reaction to taKe ploce .

% Theorekical Yield ¢
NS A~

This is the amounk of producl +hat can be
preduced in achemical reaction, based on the amounkt of Iim;l-inj
reactank .

=& AC‘:Ua1 Yield :

ANSS~AAAASANS A A
This is +he amounk of produck aCf’Ua//y produced

in a reaction (USUG/,)/ < theoretical YIQId)

+* PerCeanade Yield :

e A~ 556 NG
o yield =_Actval Yield 00 e
° Theoreticol Yield
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Q. If we have S wolecules of CHy and 8 molecules of O,
Which is the \im‘\\:inj veackant in the -f-ouowinj veackion :
CHq@) - 202@) S COZG) + 2 H,0
A.
To decide which one (CHq or O;_) is the \:m'\b’nﬂ veackank
Compare the amount of preduct +hat Prodvced from each .

Preduct amount

Depenoknﬁ on CHL‘ amount Dependmg on OZ omounl:

EC] CHL‘ —_— COZ. Eq~ 2 Oz SEEDSFRES. Y& Coz_
Ratio 4 1 Ratio 2 1
GQiven 5 ? Given 3 ?

ExPec\:ccl amounk (COZ) = 5 molecuks ExPec\:cc\ awount (Qoz): 4 wmolecules

‘Tﬁu/.\.'. OZ amownt is enova\ﬂ OY\\Y to ‘PNG\UCC A molecules of- COZ

(lL’AA amo\m\:); so , O)_ s the \‘\m’\\:\'rlj Y‘eaC\:on‘E.
P33

Q. Ammoﬂia,NH_:,, was S\/n‘\‘hesized accordms o the ¥ollow‘mj
reackion US'\nj 26,33 NO and 25.6 g Ho :

2NQ@s + SHayg —s 2 NHz gy + 2 M0 ()

Whal 1s ¥ne Yheoretical yield of NHz in grams 7

Quven that : wolar mass NO = 30.0l  3/mol

Page No. (3
" " H?_ — 2.02. 3/m°‘ O

" ~ NH; = 17.03 3/mol
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A. 2M0Gya 5Haw —% 2 NHy. 4 2000,
#Step1:
Hink =
Fro a
%r NO . 3N0 —>s ol NO ....ie_q.y aol NH3
. e
(-: 30.0‘) (X 2/7_) Smallest }——-’ 3 NH3
. X17.03
FO\' \"\2_ % 3 H?_ - mo‘ HZ ___*meEﬁ ’\‘T\o\ NH3 )
(% 2.02) =
X 2/5)
Mass
« Which isthe ltmiting » ohes | Hholer
reackant J hindad L
for NO: For Hy :
2N0 ey 2NH3 SH> —> 2NHj
Rakios 2 mmoles 2. woles Ratio : S moles 2 moles
Given 86-3  mnoles ? GQiven 25.6  noles ?
30.0l 2.02
moles (NHz) = 2.8757 ol amoles (Hz) = 5.0693 mol

less product (s Pmdvc_ed
Lo Yo \'\W\.\h'\f\\j veackont NO

%Step 2 :
-T; C,alCulate_ 'Hneor(!:n'Cal \/ie_'d (qnass O-F Pmducé)l_ COY)VEf'k ‘H’?Q
PMCI'UCCA moles O‘F PNdUCL' <2-37S? 'nno') to mass :

Theovetical yie'c;CNHg): 2.8257 X Molor mass

= 2.37s7 x 1703 = 44.0 g

Daaa N @
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Q. 53.2 g Na ond 65.8 9 Clz yeack accordinj to the equobfmn:
2 Nags) -+ C‘Z t9) —> 2 NOC' (s)
— Which is the \'\m’\finj reackant 2
— The actval yield was 86.4 q of NaCl. whak s the theovetical

Yield and percentage yield ? Afomic Mass Na = 23
A Moler amass Cl, = 70.9

wWhich is the \.’nmil:inﬁ reactont

For Na: y For Cls :
Eq. 2Na 2 NacCl Eq: Gz —5 2 NacCl
Rotio 2 mol 2 mel Ratio 4 1ol 2 mol
Given _53.2 7 Qiven _SS.3_ 7
23 70.9
. moles (Nacl) = 2.3 & moles (Nacl) = .35 (Smal/.

Cly s the 'im:’b‘(lj reactant .
Thun;

Theoretical \/n'elcl (Nacl) = mmoles X Molar mass = 1.85 X 58.5 - 103 3

gvm the given actval yield (Nacl) = g6.04 3

7 )’icld = Actval Yicld X 100
Theoretical Yield

= g86.4 X 100 = SOOZ X
08
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Ch. 4 : Chemical bomdin3 & Chemical Reaction
Lesson 183: Solution Concentration & Vypes of

agueous Solutions

3 Solution Concentrotion & Solution S\:o‘\chiome\:v\\j

Solution is = homogenous mmixkture of two or more sSubstances.

Solution = Solvent Solute(s)
(\araes\: amount ) (small amount s)
e.g.
- Sugar solition :  water is solvent % svger is solvte.
o Air : Ny gas is Solvent % other qasen (0, ,€0,, H,0..) are
Solutes .

% Solution Concentration :
R N Y D L 4

Solute +o solutiom relotionship .
% Mm\or'\\tj it
Tt is the number of "moles og Solute per liker of solvtion.

. N of moles of Solute by sl

Volume of solution (L)

X Prepore LL of o .00 M NaCl solution :
D e N e e P

o Wefjh out and 1.00 mol of Nac] (ss.qq 3) in Smduated FlasK
Hhen odd water to dissolve the salk |, then add o Page No. (9)
the markK i L.,
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Q. Find +he 'molarif:j (M) of asolution +hat hes 25.5 g KBr
dissolved in .75 L solution ? Giiven : "mo\ar'mass(Kgr)

(4’)‘no| KBr = 119.00 3)

A.

s ]\/\ = oles of Soluke (KBr) _ M solvke.
Volume 0‘( SO\U‘:]UY\ (L) VSO\ﬂ-(L)
M
'Y‘So\ute = i - 2S-5 — 0.214 fyno‘
Molay Mass 119.00
M= 024 _ 0.122 M (Unil:-,'mo\/L or M)
. +5

N.B. Mosk solubions are lbetween 0 and I8 M, so. +he answer vna Kea

Sense .

Q. How many liters of 0.125 M NaQH Comtain 0.255 mol NaOH?

A.

0.125 M NaOH  means that : 0.125 mol NaOH — {4 L solution
0.255 mol NeaoH __; ?
Vaollbon = 2252 At 2.04 L solution (ACCepf-'ab’e)
0.125

% Solvtiom Dilutiom :
NN A A A~

Often, solutions are stored as ConCenktrated
StocK solutions.

To make solutions of lower Concenkrations, Only page No. (10)
more. Solvent is added .
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Thus; the amount of Solute doenn’t Chorge , Just the volume of Solvkiom

Moles of salute

= Moles os: Solute
before dilukiom

After dilukiom

Q. Prepare_ 3.00L. scluktion of o 0.500™M CaCl, Lfrom 10.0 M skock

Soluktion 7
dilvked stock
A. Solution (4) selukion (2)
V=3L; M=05 N=? ;M=10.0
- M‘ . V‘ f— MZ . VZ
(0.57(3 ) = (IO.QXVZ) = Vz ::_o‘sl—ox3__: 0.1s0 L
Thus:

we toKe 0150L Lrom Hhe stock Solubionn and add water to reoch Volume
of 3.00L.

(. How would you prepare 200 mL of 025 M NaCl solukion fom

o 2.0 M solution ?

A‘ Diluted solutiom sbock solution
V= 200 ml ; M:O.zsm Vf? ;Ml=2 M
Ml 2 vl = Mz . 'vz
(200 x 0.25) = (2xV,) =5 V, = 200%X925 _ a5 ml.
Thuns; ‘

Page No.
take 25 ml of 2.0M solvtion, and add water vpto 200 mL, ; @
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& '7_y_pes of aqueous solutims and solubiliky
S e N O N N N

Case A : Dissolve NaCl Salt in water Hormgeneow.\ solutiem .

Case B : . S\Jdar' C;z H220" n water R 7

Now;

~

How do solids svch as salk and Sugar dissolve in waker ?
OR :

What happens when a solute dissolves ?
A.
In general, dissolution of soluke n Solvenk depends on :
A) Afttractive forces between soluke molecules .

-B) rs ¢’ o SO‘\/EY')E ) o

c) 7 o a2 Solute ond Solvent smolecules -

TF +he attraction forces between Soluke and solvenkt are stmnj

encvgh, the solute will dissolve .

< Charge distribukion in woter mmolecule : 3 +‘8+

In wakter molecule; there is an uneven diskribukion of eleckyons in
such way that oxygen has partial —ve chorge and hydregen has

Portial +ve Charge , Thus water is a polar molecule.
L S
$+H/ \H8'+

Solut S interacki :
o Qlule Ond Ol\/CﬂE interactions NaCl in ymter

Solvent—solute interactions

/ Page No.
>-‘o--@-9 ~°

Solute-solute interactions
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* D?ss‘olv:‘r\)j NaCl in water:

AN AR TN

When NoCl is added to water :
l. Eoch ion (NG' or CI7) is oftracted

tOWOVd HzO wmolecules and away ‘F"‘O‘WI

the solid Crdsl:al :

When the ion enters the Solukion,

Dissolution of an lonic Compound

it is surrounded by water wmolecules Through the opposite Chorged pole -

Condvck 4he e\cc\:rici\:y :

. As rvesult | solution with free fYY\ovinj ions s -govmecl and Can

=k G)mPare_ e\ec\:m\&\'e and ncne\ec\:m\d\—e solutioms 7

Stmnge elec\:m\:’tes

weak eleckrolytes

Nonelectrolytes

Tonization

Exomples

tomize Complctely
Soluble salts and

Stmns acids orboses

CuCly — cu";ch

ionize por\:io“y

weak acids or bases

CH3CO0H == CHyco6 + HY

don’t ‘omize ot all
pc\ar substances

1iKe Sugar ond alcohol|

C‘ Hi20¢ &= GeHiOg
@9

Electrical
Conduc\:iv"\:\\,

SOOd Conductors
Lor eleckrica t\/

weaK Conductors

dorwt Conduck

eleckri cil:y

Page No. @
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Electrolytes and Nonelectrolytes

Electrolyte and Nonelectrolyte Solutions

Salt
solution

| Conducts current J

° A solution of salt (an

electrolyte) conducts
electrical current

Sugar
solution

Nonconductive l

* A solution of sugar (a
nonelectrolyte) does not.

Salt (Ionic compound) vs. Sugar Dissolved in Water

Strong electrolyte solution

NaCl(aq)’

e e .

Salts (ionic compound) ionize when

Nonelectrolyte solution

— : .
...M_EIZszou(aq)

Molecular compounds do not

Page No.
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Ch.4: Chemical chdinj & Chemical Reaction
lLesson14: Acid-Base Reactions g Redox Reactions

% Acid _Base Reackions :

WV\NW\/-V\/\/\/
They are very Commam in Chemfsfg.

e.q. i
J HC| "hydrochloric acids  exisks in Skomach and helps in food
digesb‘m. When it is leaKed into +he esopbadw.s, ik Causes t+he
) heor‘:burn". So, Antocids are uned to neubyglize the stomach

acid b)’ ACid-—Base Chem‘\Cal reochim-

% Arrhenivs definitions for acid and base :
N i e N A N A

Acid: A substance +hat produces HY ions in aqueoun Solution.

Rase : A substance +hak produces OH™ ions in aqueoun solukiom .

Emmples;
+ - + &
HC|m~) et H(a+) o l@ﬂ ; Na OHM) S Nam) + .Of{m')
Acid - Base
eb  HAy TR SERF T AT BOH — 5 BY 4+ oH
Acid forvmdla e Base forpnula hydeode

Acid—Base "Neutraliza,:io‘n" Reacktion :

Geneval equation : Acid + Base 5, Salt 4+ water
e.g. HCl) + NaQH,  — NaClg,, + Hz0

X ia Page No. @

+ OHo 5 H20,,

ionic tion s
Nel: ionic equati H(aq.) o
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% Protoms released by acids associake \ith waker (H20) in

solution to form Hydrvm‘um T H3O"' 2

+
ACid — H B0 g Hz O+(aq-)
‘Pm’ton /Wal:er hydmn\um ion

S0

+ x,
“"lC‘ (ag) oy Hzo(l) ——— H30 @gqy + C\(‘“\‘)

% Hydroxide ions released by bases in waker

Base sy OH LHOSEESY OH .4

hy droxide /water

Ammanio  does not Conlain hydmx\tj' grovp (OH) but produces
hydmxicle ions (OH™) n water, thus it is a base -

+ =
NH3 e HQ_O —— NH}"(M-) - OH(aq.)

A'mmon'\q

¥ Po\ypm\:ic_ acids :
AN AN NASAANASIANAY
Some acids Contain more than ionizable proton

e.q- Sulfuric acid (H2804) Vs diprotic acid
= HZSOH@«;-) il H:;q_) i HSO;(“_) (is': Sl‘ep is Stmrgj)

= H8O0§ s =5 W

7 nd :
- (ag) T 504 (2 (2 St'ep is Weak)

Fage o
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&mila(/]; Bases can release omore +han one OH per mole .
e.q. ” )
Sr (OH), (agqy —> Srza‘r) 2 Oblgs

Q. How to write the acid - Base equatioms ?
A.
Example ; Reackion of hydrogen iodide (HI) with barium hydroxide
Ba(oH),

Stepd : Main unbalanced equation

HI 4+ Ba(oH), 5 Bal, + HQy
@4-) @9) @a
(Acid) (Base) (salt) (waker)
Sthz s Ba\anCe the equatn'm g "Molecu,ar equah‘m"

2HI 4+ TBaloH),

(aq.) e BaIz@‘\'J +2 HZO ()
@99 &

Step3: Nek ionic equation (By removing Spectator ions of sall)

- 1
H(aw e OH(°9~J — HZO(L)

Some common acids Some common bases
Hydrochloricacid | HCI Sodium hydroxide NaOH

Hydrobromic acid | HBr
Hydroiodicacid | HI
Nitric acid HNO ' _
Sulfuric acid H,SO, Calcium hydroxide Ca(OH),

Perchloricacid | HCIO, Barium hydroxide | Ba(OH),

Acetic acid HC,H,0, (weak acid) Ammonia NH, (weak base)  page No. @

Lithium hydroxide LiOH
Potassium hydroxide | KOH
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“ Qxidation — Reduction Reactions “Redox‘ Reactions
\N\MN\/\/WW\/\/\/

TF)cy are +he reacl:n'orns in which e|ecf:mn(s) are {'ran.s/:erred 'me One

reactant to the other .

exqmpks; ’Rusb’r\)a of iron & Combustion 01c 8asoline (0Cfane)~
Where ;

OX:'c:lafio'n: gain of Oxdjcn or loss of hyc'mjen-
.Reductim: 8ain D-F hydfmden or loss of Ongcn.

F_e(s) + 302 gy —> 2 F6203 ’Rustig of iron

- 4’/
Jain of Oxygen *oxidation”

s Kedox Reactions without Oxygen t
————————— .

Durirlj the formation of iomic Compounds, mekal loses electron(s)
"Oxidation” and nonmektal gains the eleckron(s) “Reducktion’.

e g- NaCl S
1# "=

i et '
(/mekal) Na(:)( 23 1) " C‘w) (2,3,%) ( non metal )
J’Redox
+ s
Na (z;2) Y Cl (23,3)
NOCI ()

Na (W\d:o\) loses electwmn "Oxidized” and ClI Gronmetal) gans this

eleckron “ reduced ”.

Equol::on: 2 NQ‘S) A C‘z(%) —— ZNGC\L;, Page No.
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(\E: ImPokaﬂt N\t

******-***4&*
% The element which is oxidized is Known as "Reducing agent or

Reductant  e.g. Na s oxidized but reduces C| .
% The element which is reduced is Known as "OXidizmj agenkt or

OXidaﬂt e-9- Cl s reduced but oxidizes Na .

e)e;Rules -For Assfdn?nj Oxidation skote :
M T NSNS U AN NN AN AN

TE 4s very wmporkont to Kmow +he oxidakion number (state) +o

'\den\:i{ia the redox veactions Hhat occur bebtween mommekals .

Rule (1) = Oxidation state of an atom and free element is Zero .
Rule@) :  Oxidation state of momoatomic ion is equal to its chorge .
Rule(3) : Sum of oxidation states of all atoms in:
— Neukral molecule or formula unit is Zero .
~ Anion is equal to its Charge.
Rule ) : For metkals, oxidation number equals to the group number-.
€9. Group 1A have +1 oxidation skate.

Qroup 2A have +2 Oxidation skate.

Rule (8) + for monmetals

Nonmetal Oxndation State| Example
5 MgF
Fluorine 1 ,ﬁz" 2
Hydrogen +1 S
Oxygen 2 S ok state
[
Group 7A 1 s
= H,S
Group 6A 2 i
NH
£ 3 -3 ox state Page No.
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~ Sulfur as s:njlc ion has (—2) oxidation state but in polyatomic
ion is different. e g- HzSOq

- H: is 414 (3muP 1A) Sum of Chargen = Zero (RuleB)
i 0% R 5 (amvp GA) 2(+) + 1 X) +4(-2) = O
X= +6 s~ S =+6

Q. Is +he {:o“owir\':j reaction a redox reaction ?
= 4+ 295 ey /S0

A.
From the rules of oxidation States ; €y 2.5 e CSa
(0) (0) G+4) (=2)
Nhere. 5 L_ N
L Reduction,__
OXTdOtio‘ﬂ : loss o-‘: electron(s) or Oxidotion oo}

inCrease in oxidation state. (C)

Reduckion : qain of eleckron(s) or

decrease in oxidation state. (5)

Q. Idenl:ifj which element oxidized and that reduced in the

Followinj reaction ?
CHy +20, —> COz + 2HQ

A. Fom the rules of oxidation skotes

O is reduced 4+1 0 +4-2  +1-2
(gains electrons). f"a +20,— CO,+2H,0
t

| A | ~ETRTTT
441 0 —> 443 +19 Cis oxidized
CH, + 20, CO,+2H,0 (loses electrons). Page No. @
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&- In the -Fo”owinj reaction which Substance 1s the
Oxidfzinj aaenb and which is the reducirzy ajent 2

.Pl‘ -+ 5 Brz — LI PBY‘3
Al

Reducing agent: reduces Br, and is oxidized.
{Oxidizing agent: oxidizes P , and is reduced.

0 0 +3 -1
P4 + GBr; — 4PBr3

L lEach Br gains one electron (reduction).J]

Each P loses three electrons (oxidation).

Thus 3

* t7he elemenk which is oxidized =5 Qcc’ucfn\j ajenl:or Reduckant.

* e s s - ’\edUCCd =+ OX;C{FZ;U adcnt or Oxidanf.
€ e ¥ e AN
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%
i)

Choapter 4 : Chemical bondmﬁ
Lesson 15 : ‘Types of bonds

« Inkroduction :

r -
Sy 'i'(r A’l&

~ 9
3&%’
M

As we Know ; Chemical Compounds are formed by chemical

Combinakion "bond?ng" between their akoms | put  HOW 77
* Types of Chemical bonds :
N~ AN AN
Bond Tonic Covalent Metallic
1.Element | Metal 4+ Novimetal | Two nonmekals Mekals

2. Bondinj

. EXQmp\e

e~ transfer from

metal (\ow TE) %o

nomeletal (h’\\jh EA)
Thus, ele ckrostatic.

othraction between

Cation and anion

+ —
Na C\

Cation  Aniom

shorins of €18
between the two
nonmetal s (h‘\ah
EA) , Thw
atfrackion Hhrough

sh ored eleckrons.

H20

waker

“Nuclei in sea of

Vvalence electrons
ave Shaveé os
Poo\ bekween the

metc\ d)(oms §

eleckrons”
“Eleckron Sea Model"
Na s,

Sodium mektal

* Class\’%caticm of Covalenk bonds @
N S Y VO ST 2 Y Vo S e T P e e

They are three different types of Covalent bondinﬂ based on

the no. of shaved eleckrms -

Page No. @
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Covalent \oond. Single Dovble Triple
4. No. of .
Shared €71s Two Four i
20 N0< 0" N L—er rmree
Shared e~ Le
Pairs
3. No. of Sins\e. Dovble ‘_r;ip\e.
Lines Line Line ine
A. EXOYYIP\GS H=H ; C=C | 0=01; =0 N=N ; c=N
| ==
C-H;H-Cl] €=C ; C=N C=C

\/\./W\
In Scn e,ra{ -

The type of bonclinj vsed 15 4he suitable way for the
otom +5 reach "Ocket rule” (or the noble qas e ®n¥i8vratfm).
€~8.
80: 15” 2821?-!'.'.)/-l 8o No.of Valence eleckroms = 6
(G\T\Np No. €A)
So, Oxjﬂen atom makes bond in sych way thatk it qains two

elecktrons Lo reach the ‘ockek rule

ains 2 e~

8 2 2 4 ionic band o=
3 \ o z é
O : 1S 9% 2p O:18* 2s 2P
Shori\r\so‘ e octel
Covalenkt bond

Page No. @
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% Lewis Representations :
NANA TN ANANANANANANY

Lewis strucktures allow us *o easily See the number of
valence eleckrons in an atom. Lewis notation wses two
doks ( dvet} to represent o pair of electrons
Q-S-
go . 1872 2\'31-l Valence eleckrns = 6
Thus;
Lewis structure for Q-otom T1s - AKX

I\ N.B.y Dots mPr‘eAeﬂ\: the electrons that the element could
lose and emply Spaces indicate the electrons Hhat are
needed to &a’ris{\j the ocket rule .

Examples::

Li Be B -C- N+ :F* :Ne:

(Put the eleckrons f.’rsH/ 57'27’2. +hen malke Pair:l)7>

“Two elemenks not Sulo'jec\: to Qckebvule : H & He
because +\nc\{ have onlxl ome E-level of mox e~ Capadb =2

H " h\{émﬂeﬂ Can o’n\y \OSQ Y Sa.iﬂ oNMe C‘QC&NT"

Page No. @
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x kewis strucbures $or iomic Compounds :
"\/V\/\/-\/\/\/\/\/\./\N\/\/\./\/\/\/
Lewrs structure represents ionic bonc\‘\r\j by moving eleckron
dots From metal Lo nonmetal, where Hhe \ewis struckure of

a“‘\o.“ 1S us\jq\\\{ W(;HCn n me«Ke\:S WI.‘\'V\ C‘harse‘ mn —‘ks Uppe/r

ri Sh\: Corner -

...-----_* e I . + o, S
K )2 Ny NG :}
i bondin pe
2,3,8,1 2,3,% 3 2,%,8 2,8,3
Both are’ oclkek’

Ancther example;
T.OY\'\C Compovnd o—g Sodmm and Su\-Fur needs ‘two Na- o\:o-ms ond
Gne S_otowm, Explain Why 22

Na-atom must lose one valence eleckron to obtain "Ocket *, and.

S._ atomnm 27 Jain ‘tw‘o elccl:m-ns 'to obkaif) "OC£Qt'
lTP_)us; Two Na-atoms are needed to Combine with ome S-cr[:om.
oni ) -
" e I n;. Bfndnn + = +
2 Ng ¥4 =6 < > Na :S: ] Na
& Transfer .o

% Lattice Energy :
\N\/\NW\/'\/\/\/ P »
Ions are arrangcd in a pm‘fern CrUsf:al laHiCe.

where the C*ﬁsl:cd l..aH'l'ce Maximizes a’ﬁ'racb'dns between Cafians

ancl anions lead?nj 'l‘.o MmMore Stable arfangemenl:-

exkra skabimj of Cszl:aI latice is measured as " Lottice Enersy".

Page No. @
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NN
N.B.

Lottice EnereY increases with -

3 IhCrcOSMj the Charae on the ion.

X DQCrcosind the size of ion.

= LaHiCe eneray s the eﬂefaxl needed ‘\:Q sepora’ce. a mole O‘F
\/\/\/WW\./\/

a solid ionic Compomncl into iks aaseowx ons .

Qo What are the pmpert?es o-f— ionic Compounds 7
AO

— Physical Properties:  a- high melting poinkts > 300°C.

b. h:s\n \00'1\31(\3 Po“\n‘:s.
C. Hard and briftle Solids.
- Solid ionic Compounds :

a. Al are Cﬁska\\ine. ot yoom ’ce.m-pera*:ure_.

b. o\on": Ccmducl: e\ec\:ric,:\'.d / \ou\: n \;quid
ckoke ey are s\:mﬂj e\ec_\:m\d\'e "Conduckors
Ci Lic.lv‘nd Stc\?es aore ‘\‘hevma\ insu\o‘l:ors .

— Solubility of Tomic. Gompounds :

Many So/ia’ ionic Compouno/s are Solvble in wate.

Page No. @
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Chopter 4: Chemicol Bonding
Lesson 16: Factors AFFecl:inS Bond Type

s Inkroduction :
NS A~
Oxygen and Sulfur (Gmup 6A) form Covolent

Compounds with hydregen in atomic rokio 4:2 ( H20 % HzS).

However, their reactivi\:Y s quite dJdifferent (st is ynore w.ac.\::m) 2

Reactivity depends on :

L. “Type of bonds within +he Compound-

2. polority .

3. Bond energy ((energy requirced to break the loonds) .

4. Energy requ'wcd o Se.pam\:e the molecules .

# Covalent anchnﬂ & Lewis Structures :
NS T S A NN A A NN

Molecular Compoends Conkain Covalent bonds (o{- shared e\cc\:mns)-
Lewis +heov3 mpwxn\:s e Covalenk bonds by drawing he
ne'\ah‘oor'\ns otoms to Share e .pairs *to obtain octek rule (or
duet for hyc\maeny .

Exomple; wakter HzO0

Lewis struckures lewis Struckures for
for atoms wmolecule
2 Ho To .O . > H.o Q . H

Bonding Pair of Lone Pairs of e-'s

Lone Pairs of e-'s / octet
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Example;  Dictomic Halogen Molecules

L ewis skyuckure - :El-

|

:C‘ :C..‘: or

Q. Draw Lewis Skwckure for Ha amolecule ?

H + "." > i §

'E\:

:C‘f‘_él 4 Both are Octet

- H—H

or

H obeys avet rule

* Lewsis Struckures for Mu\{-ip\e bonds :
NN SN SN AN A A AN
Oxygen:

lone poir

25 s Sherin A v e ari b 7y 98 ol
20+ & .Q. '_*o J :0:0: ——)-Sh . 102032 or :0=0:
2 of 2 s Aee 2es
Not Fully skoble ) bma;{ Both 0-ahoms
(othl:) pa;rss are oclel
Nitrogen : (Double\oomd)

DML

N TN 5. SN e Ne

Not octet

sNZIN:  or

:N=N:

(mip \e lbond )

Page No. @



Taibah University Preparatory Year m
(BADR Branch) Chem. 101 Y

Dr. Khaled Khalil Chapter: 4 -Lesson: 16 w

* Efectronesatfvffj : (E.N.)
D I e N N DN A
IE is the relative o‘oi\itj of atoms to attract

Shared electrons.
N.B.
1. EN (nonmekal) > EN (mekal)
2. F-otom has 4he highest EN_ valve ( 4.0) while Cs and
Fr aboms have +he lowesk EN-valve (0.7).

3. As EN difference increaser as 4he bond polarity increasen.

H\o . Hes+ o+ 5= —

e 3 H—F o H—F

2 E/ecl:mneaaf:fvil:y values and Trends in periodic +oble :

>

H R . He
220 Electronegativity increases across the period
L | 8e Blc|n|o]F|ne
092 | 157 204 | 255 | 304 | 344 § 392
oA Na | Mg alsi|le|s]|ala
Electronegativity 03 | 13 160 | 19 | 209 | 258 | 336
decreases down K|C|sc|n|v]c|m|re]co|m|cu|lza]ca|ce|as|se|er]w
the group 0L 10 | 136156 163 1166 155|183 )18 | 1 19 165 | 181 | 201 | 298 | 255 | 296 | 30
Ro| St | Y | Zr {[Nb|Mo| Tc J]Ru|Rh|Pd|Ag|Cd]in]|Sn|Sb|Te| I | Xe
0821095 | 122 133 ) 16 |26 ] 19 22 | 228 ) 22 |93 | 165 | 178 | 196 | 205 | 21 266 | 26
Glea|w|w|T|w|R|os|w|pt|a|Hg| n|eo|s]|rol|a]r
v 079 J0g5| W 3 15 236 | 19 22 22 22 24 19 18 18 19 20 22
Fr | Ra | Ac
07 L] LR

Page No.
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* Eleckmnesa\:’wik\\j & Bond Po\ari‘:j :
et N, Nt NN TN TN TP ]

4 The bond polarifij depends on the elements’

elec L’mnedatfvi kres,

Y
¥ v ¥ ¥

AEN=0 AEN = 0.1-04 AEN=0.5-119 AEN= 2.0
- Pure Covalent Nonpolar Covalent Polar Covalent - (Izmg s
(Equo‘ sharinj of e."-') ek 5= . .:o -: )

i Na ClI
eg H—H Cl—Br H—Cl -
AEN=0 AEN= 0.2 AEN = 0.96 AEN= 2.23

% Bond Energies :
N\/W\/V\/\M/

The amount of energy, in gaseows skate, Hrak ik taKes to break
1 wmol of a bond in o Cmpomd.
In seneml. Chemical reactions involve breakinj of bonds in reackonks and

'maKinj new bonds in products.

Breaking the bond
takes 242kJ/ mol of energy

Making the bond

releases 242kJ/ mol of energy page No. (Q)
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In general, the more electrons two atoms share, the stronger the covalent bond.

C=C (837 kJ) > C=C (611 kJ) > C—C (347 k)
C=N (891 kJ) > C=N (615 kJ) > C—N (305 k)

* Trends in bond strcndi'h:

bonds get stronger

i
DD across the period DPrD
bonds get Bond Energy increases B

e g .
weaker x
L d S e o] e g
down ED?B??@@EDD@
the column e el e e
bl | < A AT

PPrDPPPDPDDUDDD
PPPPrPPPrPrrDDD

% Bond Leng'H')s -
ANANANAANAANAANNY

Bond Lcn3++) is the distance between +he nuclei of bonded atoms .
In Senero‘.,
lewis theory predicts thot the more eleckrons Ltwo atom share, the
shorter the bond should be when C.ompor'ms bonds of liKe aotows.

Bond length : C=cC < C=C < c—=C
(Pm) (120) (134) (154)

Bond Length for halogens :

F-F £ c1—=C < Br—Br & 1—I
(143) (199) (22%) ( 266) Page No.
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4% Trends in bond length ¢

By Comparing the average bond length
of a bond between two particular atoms in a varieky of Compounds.

Trends in Bond Lenghts

=

51 Bond Le ecreases across
s |||[BB woreid F
Length L
increases - ? BEEEWPEP By
=
DOP 0D
o d
o

x Bond length decreasea across the period:
c-ETWe-N S cub

154 147 143 pm

4 Bond length increases down the grovp : >
F—-F < Cl —ClI < Br—Br
144 193 228 pm

% In se,nera\, os bonds qet longer , they alse qet weaker.

¥k kXK
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Chop\:er 5 : Aquecur Solutions & Acid.Base Equilbria
Lesson17: Chemicaf Equ‘\\Ibr?om

¥ Inkroduction =
No~AANSAAAAANAANL

Am'mom.\'a (NHa) S 'Ynanu-‘:qc\‘.‘umo\ ‘;mw\ the reversible

reaction belween hydrogen and ﬂ"\:maen qases

« Reversible reactions :
N NP N\ o S N |

r'ch are the Chemical reackions where the
reactants form products Hhat, inturn, react together to give
the reactants backK, These reversible reactions are wndicated

by a dovble _headed arrow <‘Fow~loro\ & bacKward o‘irectcav\s)

ok Chemical equilibrivm
PP e T 4
Tt is the point ot which the rate of Forward

and Yhat of backward are e_qua{ ;

At equilibrivm : ( Rake of forward = Rate of backward

% Dynamic equilibrium:

wwwwror a veversible reaction under equilibrivm
AL first, 4the Concentration of reactants decreases till reach the
equilibrium, then 4he reverse reackion will stark to Page No. @

increose till reach the state of dynamic equilibriom .
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# Under Chemical or dynomic equilibrium, the equilibrivm (forwerd
and bacKward) vates are equal but oftenly the Concenkrakions

of reactants and producks ave mot.

*?cprwen‘:irg equ”fbrium :
R R N

Concentration

In equilibrivm ; +he molar concenkrations are shown in bracKels.

e-q CH, D for hydregen Qes  / [CacCl.] in aqueoua solvkion.
Consider : H?.(g) + 1263) == 2HT (g

Lyl and [ T2) decrease with ¥ime and UHTT] increases, kil
an equilibrivm is veached ak :
Rate of forward = TRate of backward
CKe) (K¥)
Dynamic equilibrium Can be expresmed numerically by “equilibrivm Constant '

for a general reaction :

oA 2D s ¢C 44D

Where; a,b,c xd are the relative stoichiomelric Cocfficients in the
Chemical equation.

% Equilibrium Conskant ; K
TEANNANAAANNAA A A~

It is 4he ratio, ak equilibrium, of the concentrations of +he producks
vorsed Yo their Coefficients divided by the Concenkrations  Page No. @
of the reactonks raised to their coefficients.
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Products
Reackents
k example 3
« _ _[No3" [0:]
Cq Swat
N.0s]?
2) CHzOH(gy === CO¢ + 2Hz(y

e = LcolH.]
[cHsoH]

2 SignigicaﬂCe of the equilibriom constant (K) ¢

- Yorward reackion doesn't ~WNether direction |- forward reackion proceeds
Proceed (Move Reackants)

is favored. to Completion (more Products)
- Equ'\\'\\oﬁum pos“\‘.icm ?avors Eavililen Eeuil: biow £
reiiba e (‘\:o \e-?t). — Eaquilibbrium — Equilibriuvm pesition tavors
pPosition isn'k Producks (o risht) -

‘\-ovor any direction
Y
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% EQquilibrium Constant and Chemical Equations .
B I S A A D Ry |

¥ Consider the Chemical equilibriym » A+2B — 3C;

Eeal
K‘Fornraro‘ e C
CAl[B]?

7 Yors

3C —~ A+ 2R

— Eq\fl\'\bri\lm Consl:ant gor the Yyeverse cqua{:ian:

- Mu\\-'\p\ymj the equation 12N fackor (N) -

NA + 2nB == 3nC

.
4

- Addi\ﬂj two equations of K‘ % Ky 4 Yhe overall equilkilariom Conskant
s thewr mu\\‘ip\‘\' cation.

= N e - N Ko 83 fing
28 = 3C . K, = EC?/CB)Z

_ fe3
’ Kovera“ = K\ A KZ = CAj

) Equi\'\bri\)m anstcm‘: and Presmvure :
N A A AN A A A AN ANSASAN A AN N AN S

FOf Jaseowa reactions ; Par\:ia\ pPremure of qas is pMporEimal to iks
Concentrakion ; so, the equi\ibf‘mm Constant (KP) is given as @

€.3- Hz () + L2 = 2HT (q

NP, 2 Page No. @
Kc - EH L] K = PHI
CH2JC 127 = P =
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4 Calculake Ke for the ?‘o“owinj reacktion :

Hacey + Ta(g)y === 2HTI,

CHal= 0.22M 5 [I)=0.22M ; [HI] = .56 M
A.

Ky o ERER. . Qise)

(H]1 D127 (0.22)(0.22)

for : iy 2C0; == €024, + Cus)

— 50.28 ; Ke>>1
%ry\/ara o0 ')Camnd.

In equ‘u\ibﬁuma Yhe Concenkration of solid isn't chanse (a\sa, pure \:quré)
8o, e,qu‘\\'\bﬂ\hm Consktant doesn't imply the Concenkrations of pure solids or
\/Zc.\u’ncls-

Kc, = ECO?_-_\F_C] incorreck) Ke= ._[E(lz]_ Correct
(col* ( Al Lco?? ( )

+ —~

9

K. - M3 CHcos]
[co.]

(3) CQCOB(S) —_— CQO(S) + Coz(g) ' Kcz ECOzj

pomamm——

Cco.1]

4) ZCO(g) -—-—; COz(q) -+ C(S) > Kc e
LcoT?

Page No. @
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@2. What would the Ke valve be given the following Concentrakions
at equilibrium for the chemical reackion ab room temperakure ?
2 NOC‘(Q) === 2NO ., + Clz¢g
LNOCIT = 1.34 M; LNOJ = 066 M; [Cl,] = 033
A.

2 2
Kot CNo) e _ (0e6) Co-33) - 0.08 w1
[NoclJ? (1.34)?
BacKkwerd direction
is favered. (left)
e e S S S S S

Page No. @
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Chapter 5 : Aqueous Solutions & Acid Base Equilibria
Lesson 18 : Le Chatelier's Principle

% Le chatelier’s Princip\e:
WWW\N\/'\/\/\/

When a Chemical system at equilibrivm is disturbed (Changed),
the system shifts in a direction that minimizes that disturbance .

SO, a Sysl:em Eends to maintain the equilibrivm state.

“# F-QC‘:OY'S thak Can d?sl:ur‘b the Sysf:em at equilibﬁum :

* Chana‘mj he Concentration of reactant or product.

e Chans‘ing the volume (or' Pressurc) .
* Chans‘mj the ‘tempcmture s

‘l> Equ'\\'\brium and Concentration Chanse s
e i i T D e e Ny |

Chanﬂ'.ns the Concentration of a reackant or product will disturb the
equilibrium state .

<« Reaction Quotient » Q.

Yor a reackion : aA BB aes e C e dD

ak equi\'\brium Q\; qny 3‘wcn '\:ima

c c d
Keq = LcT [DT o . et ro
LAY* [BD® T LA [BI®

Page No. @
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@) K Jescribes the reaction that is ot equilibrium , while

Q y =

is ab any state .

@) S0, the reaction quotient (Q) is a Comparable valve tothe
equilibrium Constant (K).and it is used to debwrmine if the

System abt equilibrivm or nok .

P> for a reaction:

NZO‘r(g) == 2 NOzq

¢ Y

Not ot equilibrivm
\/\N\/\N\/\N

Q<K

— Reacktion shifts r‘iﬂh\:
to decrease [N2047
andreach the equililorivm.

Q=K

N204]

AL equilibriom

Q = —_————[N 02—'\2 =

T

Not ot equiln’brium

Q >K

—TReaction shifts lefk

K to decrease [NO02] and

reach the equilibrivm .

2) qu);hbrl.um and PreSSUre. (\/Oluyne) Chanse -

- InCreasina the pressure (o»- decmasinj the volume) will cause the

System (veaction) to shifk +o the side of the fewent

Yice Yersa

Increase H N
pressure Nz(g) +3 P ha 2 Hﬂg)

) y
o= (o [ Q
4 —— 9;.
4 mol of gas 2 mol of gas
Reaction shifts right

(toward side with
fewer moles of gas particles)

gas moles and

Decrease

pressure Nz @t 3 H2(9)=2 NHS(g)
G
G
—_— Lt
4 mol of gas 2 mol of gas

Reaction shifts left
(toward side with
more moles of gas particles)

e — = Page no. 8
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WY

NES

For a reaction with equal number of
gaseoues moles on both sides, changing

the pressure will not cause shifting of the
reaction in any direction.

2 HBr, =—=
(9)

H

206} + Br2

(9)

3) Equilibrivm and " lemperatyre change :

<< v e
Exothermic aH =-ve |

A +B — C +D4+ heat
(Product)
Thus; acld'-nj heat (Pmduct) will

Shif t the reaction +o lefk .

e.9
N2 4+ 3Hy o 2NH3 + heak
(G )) [C)]

< ®
Add?gj heakt sh?-Fb’fj the reackion H
to left (Smaller l<) .

OR

N2 )

+ 3Hz ) = 2NH; + heal

[§3)
>©
Remo\/inj heat Sh;-thf\)j the.

rl;'Pes of thermal
Reactions

reackion to N‘ght‘ (larjer K )
re. More Ammonia (th) :

< ‘ -7
EndO'H’)ermiC_ AH = +ve

A+Baihedd— 5 C 4+ D
(Read:an}:)

Thus; addznj heat (s reackant)

will shift the reaction o rijht
(lorje.r K )

e.g.

N?. (9>+ OZ (9)-\— hea\: P ZNO(S)
righl:
(1)

lefb ¢ S

(K$)

(Remo»/mj heak sh;-[t.‘.zj the.
reackion to left (Smaller l<) %

Page No. @

N.B. Equ?/i brivm Constant (K) is temperature dcecndent.
Y2535 9o fes
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%« Nature of acids and bases -
e O W W B W, W e O U4

"

General Properties: General properties :
% Tlaste sSour . * ‘Taste bitter.

% Reack with ackive metals Al, AlKaloids are ¥he basic plant produck

Zn, Fe ,buk not  Cu, Ag, Au. |[x Solutions are slippery or gelatinous
s Corrosive to touch.
% React with Carbonates, and % Red litmus paper turns Blue .
'Pmducing CO2 Qas.
CaC0z +2HCI — CaCl,+H,0+C0,

"BoKir)Jsta
o chalK
% turn Litmus paper to Red .

PN

'D')gencra‘f: A'Cid + Base — . Ionic Salk + Water

% Avrrheniua definition of acid and base :
T N e A A A AN A A S

—Aad: A Substance Hhak producea HY ioms in aqueous solvtion.
— Base -~ vt 7 ¢/ Ol—'— 7 ’ ~

Examples;

+ - + -
HCl@gy — il <., /e NaOH (o, ; N(am+ OH,.,
Acid

But Arrhenius de{inil:ion doeon’t explain ammonia (NH3)
as bOSQ- Page No. @
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k- Brons!:cd-Lowr deqffnil:fcm o-f: ac;’ds and bases e

-~

% Acids are proton (H') donors .

o~

* Basea are proton (HY) acCeptors -

E.s.

C-a .
+ z + -
R Ck\a‘i-) + Ha 0(‘-) I HSO(%)+ C(lm-) NH?«A’ )+ Hzo(l-) P ,(_‘“‘?
‘ x aq. :
Aci d Base Base Acid " ’

AN

B

Some Substances (liKe water, HzO) Can dct as acid or base in some

Chemfca, VEach’an S

4 Conjugate Acid-Base pairs

The +wo Substances +hak relaked to each other b\/ transfer of
a proton (HY) ave called a Conjugate acid-lbase pair.

* C0ﬂ3u8atc base. 2 any-\-hmj remans after removal of HF 2om acid.

o
-

* Cm')jvﬁa\ie acid removal of QH from base

(or ac.Cep'\:inS H" from adc\.>.

L " "

H,SO

Acid Base Conjugate Conjugate
l base acid

+ HZO o> HSO:

+
4 (aq) 4 (aq) * HSO (ag)

HCO;

3 (aq)

+ HZO n H2C03 o OH

(aq)

Page No. @

Base Acid

| L

Conjugate Conjugate
acid base




Taibah University Preparatory Year
(BADR Branch) Chem. 101
Dr. Khaled Khalil Chapter: 5 - Lesson: 18

(%) Some Chemical grovps and +heir C"':'j

vdate aclid and Co»judat.
base that they canform :

-
\ & L.

More HY NHa Less HT
is acid. is base.-
H,O
H,PO4,
HO™
A HE He ¥ ¥ kK

Page No. @
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Ch.s : Aqueows Solutions & Acid-Base Equi,ibria
Lesson19: Acid Strength and pH scale

% Inbroduction :
ANAANANSANANAANANY

Lemon 3_\uice. (C’.\:ric acH) is Knownas weak
acid <WeoKer than HC\\ , So

Q- How can YOou measure and Compare the o'ddhtj of acids 7

Ao AC\CL\:\/ Can be 'YY\Q-O.SUY‘C.A M‘\ns 'Hr'\c PH SCQ\Q.
We Can ‘\den{i{\j the acid loy using Litmua paper but

to measure and Compare ks deqree of aGdity . pH_Scale

iS vsed .
ansl:cé—Loer
" Prokon (H+) domors ”
”S\Zmns ACfO\‘ “Wea K Acid
% It ionizes Comp\eb:\Y n water, |4 IE is pav\:ia\\n/ lomized in water
i - A -
HC\(Q@).‘- H,_Om A HS(?«:- C}“q‘) HF@‘I~)+ HZ'O(");; Hso(“w-\- F(%)
iOM 10M oM << 1.0M
) - e 'Ponrl:ia\
* Single arrow — Complete * Equilibrivm arrow (=) —)- ionizakion
o zakion OV\\\, Some 0¥ HF moleculen onize
All of HC\ smolecules 1omize to o Produce H30+.
-\-
prodvce \H3Q°. +CQeneral eqvation (weak AC‘O\>
% Gieneral equation (stwong Acid) HAsy + H20¢) == H3C2:)+ A—(«q-)
+ - 3 skron
HPL\W-i— H2Ouy —s- H3(2w+ A(q-) (wcfcx: (Czﬁj\'ai'-
Sb\'mj w'ef K e Page No. "
Gacd) (o) ®
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Everj Stmﬂs Qc,'\c; hasg Wealk Cornbuad.‘:‘e, baSc 8(

1 wWea K ’s

’s Stmﬂj 7 3 <

+ Diprotic acid :

\/\/\IVWW\/-\/

The acid which has £wo ionizable protons .
= e.q. HZ_SO3 (Su\{-orom QCSA) ; HZ_CO—_;, (CQYbOTﬂC OCJJ)

Thua;
*  HCl, UNOQ3 <0fe Moo protic OCSAS>

* HZSOS / HZSOH ' Hz COS are chpmtrc qcicls.

E S HsPOLg <Phosphoﬁc_acicl) s ‘tripm\:ic acid.

'Km ‘:No\'.e .
@j HoS0y (dipmtic), iks A% tomzstion 15 skrong lout

the 2""‘ is weakK :
st

- . - + 54
- 1 _ionization : HzSOA@%+ .0 y—> Hz0) + HSO, ¢4

ng . 4 3 — S ——
— 2_ -—\O’Y)lzok‘dn A HSO}_‘ qu.)-\— HZ'OQ.) —~‘__A HSO (Q’.)+ SOL' C‘iﬁ-)

I\: \S a C.omPoc\: way (‘5Ca.\e> ‘o S?eci¥~j and Compare e

acidity of solukion. ¢
PH= —loq CHz0% )

For asolubin of Cr,0t1= Q= M
Page No.
‘PH — —\ost\'\gd\-} - —\03 (\0-3> =3

EXGMP\Q'I ‘FOY Acids
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*PH Scale 3
NWW

0 ' 14
\A i /\\Ie-i\:rc:\ . / |
CING, Solukion Basic
(pH< ?) (pH >%)

_ PH unit Corre/;?onc\s to o 10-%o\d c.hanae in EH30+1

= Hiﬁh\\/ Concentrated acids can have —ve PH- value.

e-3~
i€ [H0"1=2M™M = PpH=-log(H0"I=_log(2) =-03

S POH SCale .

NSNS~
Tt is Qv\o\oaou/; 4o PH SCa\e,but based om EOH-J

‘nstedd of \nyo\ﬂmivm iom [HzQY]).

OH = - g
P = \03 LOH] e Beces

3 PH 2 pOH re\a\:\‘cms\n'\p: @ PH + POH = |4
@ | S loWl=10"

Q. Ca\Cu\a{'e PH or aso\u\:\’cm at.2s%e with [OR™]= l.3X162M
A For Base [OHT]

POH = —log LoH ] = —log (1.3x15%) = 1.89

Buk PH + POH = 14
"'_)\—\ = |4 —PO\‘\ == 14 = 199 = 1221} > 7

% Basic

Page No. @
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Q. Calculate +he Hz0" concentraktion $or a solokion with
1 T 4.80Q0

A.
A
NS PH — —\03 Y-HSO 3
@ —PH -~ (4-80)
-PH = log THz0™] = [H0"1 = 10 = 10
1.6 X1§° M

% Measuring pH :
D W - 8 4 cha Bade
A N ¥ N

—

o Strng Weak 7 WeaK sbrong |,
Acid Acid Base Base
HCI, HNO; CH3CooH NHz (NH,0H) NaOH, KOH
Hq_SOl‘ y

[OH] increases

LH*] increases

@

4 As utd f pH .L o sl:mna acid, e.g. HCI

” As [\-\*3,\ PHT — weak acid . e.q. Acelic acd CzCoom .

pH Scale ws = fue st
Baking
1M Gastric| o i Household 1M
HCl  Juices ges Urine [Blood|c,. oo, | Ammonia NaOH
———t——t
pH= 0 1 2 3 4 5 6 7 8 S 10 11 12 13 14
ACIDIC Neutral BASIC
1.0x107 ™ 107Mm 1.0x10"2Mm
Increasing [H30%]
1.0x10-4m 107Mm 1.0%10"Mm
Increasing [OH]
Increasing pH

Page No.
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. })\'ﬂ I Rases Bronsted. Lowry
é)f e & * prokon () acceptor
e TR
¢ ) . . .
S\:mng Base WeakK Base
% Ik ionizes Comp\e.\:c.\\' i waker.|4 TE s partio\\y {onzed in woker.
+ s + —
B TR H Ha 00— H OH
Na 0‘2’.) N?M;* 0@‘1‘) N 3> = (43 1 N "(-1:;- (29,

#

# Al of NaQH molecules ‘onize *Oﬂ‘y Some OH are produced.

o preduce oW -ioms.

EWis Acids & Bases
definitions

AC'\O‘ = eleckron Pair oCCep‘:or Q Base = eleckron pPayr doror -

= + x ¥
HY & NHg 5 [H—NHg 1 o Ny

Ammonium

AC.C.cmd’mj to Lewis model;
A substance doesn't need to Contan hydmgen to be an Acid.

b B FoooH
|
F—B 4 :N-H 5 F_B<+N-H
I ) | )
F H E H
Lewis Acid Lewis Base Adduyck

(e'.. pair accep tor‘) (e‘lpq‘nr olonor>
* én 3ev\¢rq\ Lewis acid lhas an empl‘:y orbikal thak can acc:eP\:

the e pav —Frvm lewis base .
* LQN'\S QC:\AS : BF ’ Fe C\s, A\ C\s (e__PQQ'-> 3 - @
% Lewis bases 1 NHgz» OH~ (e-rich)- A
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Ch G 5 Reac\:ion Kme{:ics & (_l_hermodynomics
Lesson 20: Energy, work, and Heat

———————

)
<

Law of Conservation of energy ”oru $firsk \aw o} *\'herYnodx/r)am'ucs

.ﬁ,m?‘vx'm "‘"»\. J«‘”\}M_ ;y&mw\;

The energy of Universe is Conskant ; Eneray Can be neither Creofjj

“ WorK > Tor destroyed.
\.—’\/\/\/\/\/

It is +the energy tvansfer by aforce cxd:ins 'H’\mush adistance .

e Energy
AN A~
1t is the Capac'\‘:)/ Yo do workK.

@@ ’ @nhai energy

It is 4¥he energy of motion. It is +he stored energy m an

of on cbiect. object dveto its position

® HQOE 2
MNAANANANANAL
Tt is the thermal energy Yransferred ocross o \oouﬂdarj of

one region of matter +o another.

o SI_ unit for work, energy, and heat is +he Joule (J)

1 Calorie = 4.184 Joule

L Cal. = 4034 J Page No. @
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* SYS‘:em O\ﬂd Surmundfnﬂs .
ST SINSR TR I S A PS T ersae ]

% OYstem is the region in space in which o definite quankity of
rmatfer is  studied enerae\:’\Cc\\\/.
*S\JWOunclmas : are everything else oy the resk of +he universe

with which +he system can exchange energy.

o ‘T—hermodynam‘x CS:
NU~AN AN NA A~

It is the study of energy thal is exchanged

between he s\/s\:em anad +the sumunclmss .

S\[s\:em L Surmundmgs -Srys\:em .4_E___ Surm\mdmss
« Exothermic. ! « Endothermic »

rm‘m iSt law of H’)ermodynamics .

L S S N N N NP NP |
uEneray of 4he universe is Gnstant & A Er)ergy =0

(universe)

A ES\/SI:.cm + A Esurmundfnjs = @

x« Internal Energy :
ANANANNAANNANNINAN
It is +he sum of Kinetic and Po\:e}n\:io\ energies of

all the particles thak Compose a Syskem.

Page No. @
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&+ Chonae n nkernal energy (AE) depends only om the amounk of
eneraxl in the S\/Sl:em ot 4he bcginmﬂ anc! ak the end.

+ Stake of he system (chemical reaction) is specitied (described) by

factors liKe temperature, pressure  concenkyakion ond phose .

%« State funckion 3

AN NN

1t is a mathematical funchion that depends omly on

the imitial and {inal conditioms (cmclnol: +hepm¢:,css)

or Pa'l'h
AE = Efmal e El‘n:l:faf

=

Producks

l“eacl:cm f:s

% En ergy exchanje 2

WV\I\AN\/\/W\/\/

Enerﬁ\/ 1S exchanacol between a SstCem and
ks Surmundmjs ‘Hﬂmu&h heat and work .

J = heat ( transfer of thermal energyy.
W = work.

where G and W are not state dunctions and depend om the

i

Heat (§)
SYS\:em ﬁ 8wmvndrnas Page No. (3)
WorK, (w)
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X Sfﬂn Comvention ﬁ;r % W, and AE - Fl/./l_r‘np.
R S N N N N N N N PN/

g (heat) + system gains | - system loses
thermal energy| thermal energy

+work done | - work done by
on the system | the system

WA (G ENTETEN + energy flows | - energy flows
IEGEIRTEEYR into the system | out of the system

% Heal exchange
NS~
Heak is +he exchonge of thermal energy

lbektween a S\[Stem and its .Squ\mOhﬂSS Cavsed \o\[ '\:e/mpe.fa\:um
Chcmse .

s (_\émpemkure s It is Yhe measvre of +heHhermal energy within o

sample of matter .

— Heak exc:hange_: TEL occurs when a system and its 3urmundings

have o difference in temperature .

— Heat Flow : Heat flows from The matter of high temperature to

that of low temperature till yeach Same temperature
(or +hermal equ‘alibrium)' Page No. ()
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Ch.6: TReaction Kinekic & Thermody namics
Lessom21: Heat C0pac'||:)/

% Reactiom Kinetics -
NANAS A

TE means how {task the reackion goes
from reactants ta producks . Reackion Kinelics describe

# Reaction roke ( fask or Slow ).
% Reackion Mechanism (Steps of the reod:io'n) :

—}‘e 'Tf)ermoc’ynamics <
VAN NS AN

It deals with the reackion’s Energy

requirements. Tt Lells ys if +he reackionis favored or nok .

_*TT\IPeS O’F SYSkemS and the £Yan$¥er ot eneray ond mmatter -

Transfer between system and surrounding

System Energy Matter
Open Yes Yes
Closed Yes No
Isolated No No

Open Closed Isolated

Page No. @
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* Internal energy: E
NN AANANNANANANY

PE : potential energy ; KE : Kinekic energy
But

Internal energy Change is Skake function =

AE = E‘fina! 3 Efnii‘:‘al
For chemical reackions;

AE:E

produckts — Er‘eacf:anl‘s

AE

Epmducfs < EReacltants Epmducbs > E’Reactants

AE = —ve AE = 4ve

Sl Energy exchange bekween the system and Surmuno(mjs s

Surroundings
AE -

Surroundings
AE +

Page No. @
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Thus, we have Lo understand how the Heab (%) and work (W)

are exchaﬂ@e.d et ween the S\/s\:em and Surmundinss.

+ Heakt (G):

Do U W W W 4
Tt s the exchange of thermal energy bekween

o system and Surmundms. by the equation :

heok C_apaclty

Temperoture Chanac

x Heak C.apac’\‘\:\/ CCYz
AN AN A AN
It is the quantity of heot required to Change
the temperoture of a s\ls\:cm \03 1C .

s wF - J/%¢
AT
% Specitic heat Capacity (Cs) :
ARG it It is the quontity of heat required
to Change the Lemperature of 1 g of subskance y 4°C ( F /S.oc)_
®
% WorK (Pressure-volume work): (W)
R e In Chemical reactions, Pressure —
volume work occurs by force which is acCompained with Chanae

in Yolume against the external pressure :

@ Page No. @
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N Ba (P_V)WOYK is Colculakted in umts of  agbm. L
So, to Convert it to Joule, we multiply by 1043 becouse
101.3 J = 41 atm.L

@Q- T aballon is inflated from 0400 L ‘o 1.35 L against

an external pressure of 4 atm , how mmuch work is done ?

A. Given P=1oatm; Vi= 040 L. ; @R ITaS L

-~ W= —P AV

AN = YV, =V, = \.8S -0l = \.FSL

* We=a(dlotm)(LISL) = - 135S atml
A a8 o 1013 J

= s e K ?

A= 5175 R 1013 = 13T

NrrmAA AN

Energy exchange ( F+W)
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=K Meqs\)rms AE -For chemical reackion under Comskant \/O\ume:

At constant volume; AV=0 . so w=0 (w=-Pav)

]

"z AErxn = CVV 4+~ W

In Ca‘or'\me\:vj; e exchanged +hermal energy between the system
(veac\:ion) and Yhe surmund‘mg is Measured \OY observinj AT using

Bomb Ca\oﬁme.\:xj.
Bomb Calorimetry

The basic principals
involved in measuring
the heat of Combustion
(calorific value) of solid
and liquid fuels,
foodstuffs and other
combustible materials in
a bomb calorimeter.

B aietar Some heat from the reaction warms water;
therefore:

Ignition
ire

W v < = = Stierer

thermometer
L

Gater = {specific heat)(water mass){AT)

Some heat from the reaction warms the
“calorimeter bomb”; therefore:

Tpomp= (heat capacity, J/°C)(AT)

e, So, total heat evolved

Grotat = Gwater T Tpomb

~ Oxvgen
Page No. @
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Ch.6 : Reaction Kinekics & Thermodynamics
Lesson 22: Enthalpy & Catalysis

————

% Enthalpy (H):
(e U Ve WP

En‘l*nalpy (heat Content) is the sSum of inkernal energy (E) and +he

'pmduct of iks Pressvre and Volume

Internal energy (E), pressure, volume and H are all Skoke Lunckions.

Where;

At Constant pressure ; AH (heat evolved ) of a chemical reackion
is given by :
AH = AE 4+ P Av
but 3 W=-Pay = (% + W) + Pav
= CPP + W —W
Thws, akt Constant pmoure~

AH of the reaction can be Calculated by observing the change in
aT ()

Q. A piece o—p Zinc weighinj 35.8 q was heated me 20.00 °c to

28.00 °C. How much heat was required ? The specific heak of

Page No. @
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A. Given: mM=13584 , Cs=0.338 J/9¢C; AT = 28_20=3C.

-3 q":’YY\.CS.A—I_

J °
(35.839)( 0333 a."c)(s c)
= i g
A~

£ Enthalpy Chanﬁe of Chemical reaction .

AH s shate function and tHhermo properkty of matter ( Extensive

Phys»‘cal proPcrE)/> .
For Chemical reackion: AH = Hana' L.

initial

= Hpmducks — eackanks

Gy

]

l'—]-Final < ani':ial H‘Final > I_-i"”b""
AH = —ve AH = 5ve

E xotheymic reaction Endothermic reackion

2% HESS’S LO\W 2 For Chemical reackion:
NN NAANANANAANANS

AH)‘X” — Z AH(PNdUCbSJ — Z AH (keact‘anl.’s)

Page No. @
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S A Compara‘son between endothermic and exothermic veactions :

Al

o i ' o
Endothermic , Exothermic

— The reaction vessel cools-

— Healt is absorbed.

— the reac.l::’cm vessel warms.

— Heat is evolved.-

— Energy is added o syskem. ~ Energy is sub%racked from

s q— is +ve 5751'). “ the Sysfe.m.

— 9 is -ve Sign -

%Q, CIGSSHCJ each proCess as exothermic or endothermic
— Your hand 8&[‘5 Cold when you +touch ice.

(heat leaves Your hand and moves *o ice) ~ Exothermic

- Theice 3el:s warmer when you touchil .

(heat Flows ints +he ice) ~. Endothermic

—~ Water boils in a Kettle be’ms heated on a stove.
(heat flows into water to boil il:) o Endothermic

— Water vapor Condenses om a cold pipe -

(heat \eaves water vapor to be CondenSe.o‘ 'Eo quvicf). Exo-}‘nerm;c

— Tce Ccream mmelts.

(heat flows into the ice cream +o melt i[’) E ndothermic

Page No. @
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Hess’s Law
The change in enthalpy for a stepwise process is the
sum of the enthalpy changes of the steps.

C

AF,
Enthalpy A + 2B AH,

Al"{_; = AII} - AH:
2D

[

=K Constant pressure Ca\orimc’crﬁ‘. Measurina AHrxn

The Coffee-Cup Calorimeter

Coffee -Cup Calorimeter is used
o measure the enthalpy Change (AH) §—— Themmmetr

‘For‘ ChcmiCal reacb'ans in So/ub‘cm 2

—— Glass stirrer

qArecud:'fo'n S %Solul:ian

Cork lid (loose fitting)

= - (’mass X Cs | XAT) ——— Two nested

Soln. P Styrofoam® cups
containing reactants
in solution

_ Heat evolved Cor albsorbed ) Causes

a’tempera\:ure Chansc in the solution.

Thws, the heat Sq‘inecl by a solution equals to that \ost by the

veackion and vice versa.

v %, =

oln

AL Conskant pressure

Aern:- qﬁp = q‘,fxn

Page No. @
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EV3 CO |.’a|ys'ls x
“ANTIANAANANAY

A Cata[xlsi: is a substance that accelerates +he rake of a chemical

reaction without iktself beins transformed or Comsumed.

\
" N >
3 ROle O'F Ca EalYSb is to meag g - activation energy
an alteraative mechanism -For & o
lower activation
) energy using a
the reac':ia'n with lower ad‘ivah‘cm cga¥alystg
eﬂcrg v Reactants
# Calalyst is Consumed in the earl)/ \\
mechanism sl:ep, +hen made in M
a later Sf.’ep- -

¢ R/w—

Homo geneous Heterogeneoua

Ca\:al\{ sks Cdl’olysts

..TF\ey are n the same pPhase as the ~They are in a different phase as +he

reactkants. reacktants.

e.g. Cl (a) N o\es\:ruc\:icm 0? 03 3)

€g. Solid Catalytic Comverker in a car’s
| exhaust system.

>
' Heterogeneous catalysis )
N — e

~

" Homogeneous catalysis |

) Q
‘ .\ Product a 0 .
® o o . o 00

Reactant

@
® o
g_i @)
Catalyst in same
phase as reactants

Catalyst in different
phase from reactants
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Electronegativity

Nonmetal Oxidation

Bond Energy

Electronegativity

Nonmetal Oxidation

Bond Energy

| 18
| 2
H 23 agna¥) olad) Adaa Sl He
100 2 i . L’)’” 13 14 15 16 17 400126
.Increasing
3 4 creasing 8 [ 7 8 0 10
Li Be B C N 0 F Me
6094 | on22 1081 | 12000 | 14007 | 15999 | 18998 | 20,180
11 12 13 14 15 16 17 1%
Na Mg Al Si P 5 1 Ar
2280 | 24305 3 4 5 G 7 B 9 10 11 12 260982 | 28085 | 0974 [ 3206 | 3545 | 30048
19 20 21 . 23 24 25 26 27 28 4 30 k]| 32 11 3y 15 36
K Ca Sc Ti v Cr Mn Fe Co N Cu in Ga Ge As Se Br Kr
Io0aE | J00TH | 440956 | 47867 | 50042 | S10406 | 54038 | 55845 | SHO3D | SHA03 | 63546 [ 6538 | 69721 | 72630 | 74022 | TEOT | 79004 | 8370
a7 i 39 40 41 43 43 44 45 46 47 L] 49 Si 51 52 53 54
Eh Sr Y fr Mh Mo Te Hu Eh Pd Ag Cd In sn 5h Te 1 Xe
ESda8 | B762 | Bs06 | 91,234 | 92006 | 9505 98y [ 1007 | 10200 | 10642 | 0TET [ 11241 | D482 | 1IET1 | 120176 | 12760 | 12690 | 13129
85 i 571-71 72 73 74 75 Th 77 78 74 )] El g2 3 B4 L] Eh
Cs Ba * HI Ta w Re Os Ir Pt Au Hg Tl Ph Bi Po At Rn
13221 | 13733 17849 | 18095 | 18384 | 18621 | 19023 | 19222 | 19508 | 19697 | 20059 | 20438 | 2072 | 20898 | (209 | (0 | (222
87 44 BQ-103 14 105 I [ivd 13 G 1o 1 12 13 114 14 114 1ny 118
Fr Ra # Rf Dh butil Bh Hs Mt D Hg Cn Mh Fl Me Lw Ts Og
(223} | 1226) [ 265) {268) (271 (2703 | (277 (276 (2813 | (280} (285) {286} | (289 (289} | (293) 1204) (294)
* Lanthanide 57 5% 59 ) 61 62 61 64 65 66 67 68 6% 70 71
peries La Ce Pr Nd Pm | Sm Eu Gd Th Dy Ho Er | Tm Yh Lu
13gor | 140002 | 14091 | 14424 | (045) | 13056 | 15106 | 15725 | 15503 | 16250 | 16493 | 16726 | 1eg93 | 17305 | 17497
# Actinide L] | gy g2 93 94 04 i g7 o] i 100 101 102 i}
serics Ac Th Pa U Np Pu Am | Cm Bk cr Es Fm Md No Lr
(227) | 23204 | 23004 | 23803 | (237 | 24) | (243) | (247) | (247 | (251 | 252y | 4257y | (25R) | (259 | (262)

Bond Length

yibus puog



Alkane

Alkene

Alkyne

: . I d with onl
Single bond with only | Double bond with only one Trlp!e bond with only
. . : one sigma (o) and two
one sigma (o). sigma (o) and one pi (). :
p1 ().
CnH2n+2 CnH2n CnH2n-2
Ex: CsHis Ex: CeHig Ex: CsHio
Sp - hybrid .
They have a Sp Sp
Tetrahedral geometry.
Saturated. Unsaturated. Unsaturated.
The bond angle for a | The bond angles between the | The bond angles between

single bond is 109.5°.

double bond are 120°.

the triple bond are 180°.

Free Rotation.

e No free rotation.

e Nomenclature of
Alkenes ;(SlsSIY) Clua)
- Cis-Alkenes: have the
carbons 1 the chain on
the same side of the
molecule.
- Trans-Alkenes: have
the carbons 1n the chain
on the opposite side of
the molecule.

It doesn’t matter.

Sl bl




