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Introduction of general chemistry, the atom
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Chemmstry:

The science that deals with the composihon and properies of substances and
vanouws elementary forms of matter, and the miterachons between substances through
chermeal reactons to form different substances.
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The cherm=ty bhas five main branche: are Organic, Inorgamic, Amnalytical,
Phyzical, and Biochemistry. These dnnde mfo many sub-branches that meclude
Photochemistry, Theoretical chemiztry, Polhvmer chemiztry, Nuclear chemistry,
Thermo chemistry, AMedicinal chemiztry and more.
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ORGANIC CHEAMISTRY

Organic chemistry the scence mvolves the study of the struchmwe, properties. and
preparation of chermeal compounds that consist promemly of carbon and hvdrogen.
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NORGANIC CHEAMISTEY

Inorgamic chemistry 15 the study of the propertes and behauviowr of morgamc

componmds. It covers all chenmeal compounds except orgamc compounds. Incrgame
chermsis study thmgs such as crystal sthoctures, metals, catalysts, and most elemend-
m the Penodic Table.
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ANALYTICAL CHEMISTRY

Anabtical chemisiry the science mehides the qualdatme and quanhiatoee
deteroenation of the chenucal components of substances.
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PHYSICAL CHEMISTRY

Phyzical chemmsiry the branch of chemstry concerned with the application of the
techmques and theones of physics to the study of chenmcal systems, winch melude
the rate of 2 chemmeal reachon the mterachon of molecules wath radiaton and the
calculation of structures and propertes.
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BICCHEMISTEY

Biochemiztry 15 the study of chemmcal reactions that take place m Inang crgamesme
both plant and animal. Biochermeal research mmcludes cancer and. mfechious disease.
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Photochemisztry

Photochemsiry the sub -branch of chemmstry conceimed with the chenncal effects
of light and other electromagnetic radiahons,

Sl g ¢ el Adloantl) o) i A g et &qi-.ﬁjm;'j—ﬁ' £l

o5 P Al 5 il

Theoretcal chemistry
Theoretical chemisiry seeks to provide explanatons to the chemmeal and physical
obzervations of molecules. Theoretical chemmstry mncludes the fimdamental laws of
phyvzics Coulomb’s law, Kmetic energy, Planck's Law, Pauh exclusion pronciple and
many others to explaim and predict chemmcal observed phenomens
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Polymer chemsztry

Pobymer chemiztry 15 3 multidisciphinary science that deals wath the chenmeal
svathesis and chenncal properties of pobymers
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Nuclear chemistry

Nuclear chemmsiry 5 the subfield of chemmstry dealing with radioactnaty, muclear
processes, such as nuclear transmmtation, and nuclear properties. It 1s the chemstry
of radicactrve elements such as the actimdes, radium and radon together with the
chemistry associated with equupment (such as nuclear reactors) whach are desizned
to perform nuclear processes.
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Thermo chemstry

Thermo chemistry 1= the study of the enerzy and beat associated with chermeal
reachons and'or plosical transformatons. A reachon may melease or absorb energy,
and a phase chanse may do the same such as m melmz and boaling.
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Aedicinal chemiztry

Aledicinal chemastry 15 the chemwstry disciphne concermed with the desiem
development and synthesiz of phammceutical dmgs. The disciphne combmes
expertise from chemmstry and pharmacology to wdentify, develop and synithesize
chermeal agents that have a therapeunc use and to evahate the properties of exasting
drugs.
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What role does Chemisiry play in our lives?
flds b el amb 51| 5y ga Le

Chenmstry 15 considered the most mmportant science use m most fields. Below ame

histed a few items descnbing the mportance of chemmstry.
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1- Basiz of molecular biolosy: Chemastry and biochemustry form the foundation of
molecular lology, research mn thas field very mportant for improvmg quabty of
Lhfe through a better understanding of human health depends on advances m
chermstry and biochemastry.
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2-Plaztics: Plastes and other polymers have mmproved owr lives m many ".'-'.-E]r"_'-:
Cherm=try 15 mmportant i developing commercial polymers and mm understanding
therr emvironmental mmpact and how to dispose of them safely and respon=ably.
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3-Advanced materals: Many advances i mechamsm and aerospace enmineenng

relv on 1mproved matenals such as new tvpes of ceramues; the basis of
B gl i B gboall M gall e Sas oyl phall Sk g 0F) 3 0 ekl e W B ghaiall ) gall
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4-Drug research: Developing new druss beauly dependent on chemmstry, from
hmdunnshytomierﬁnd&eeﬂ'eﬂnfhgzur&edﬁeazﬁﬂnymmmm
treat, to analvhical chenestry to charactenze the effects of mew drugs and to study
enzyme achve sites, mmmmmmmﬁmnm
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s-Food science: Cooking 15 really just an ordinary lookmg chemastry experiment.
Developing new ways to keep food from confammazbon mwvohes amalyheal
cherm=trv (to look for probleme) and matenals‘pobvmer chemmstrv for food

packamng
plabll o HHiafiitn 5 g pyhi dotle el & ol 3 padidall B gh fubll cellall ok



AN ) gal) gl ol pad gl el § 30 gall g (USLSS (0 ol dalidall clual] g i o gkl e

S-Enviromment: Chemm=hvy was mierested to understanding why the ozone hole
started formmye, and remains cracial to understanding the emronmental mpact of
meny produced matenals and howr to make them =afe.
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Artom definiton

An atom 13 the defining The smallest parhcle of an element that can combime with
the atoms of other elements to form congpounds, whech also able to preserve the
chermcal properties of the element. such as Elechonegainaty and omzaton energy,
oxadation favorte cases.
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A tvpical atom consists of a pucleu: of (proton: and meutrons) wath electromns
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PROBLEALS  Joees
Q1: Define the following terms Al el wii a3

Chemiztry, Orgamic chemistry, Atom

Q2: Fill in the blank: to complete the meaning of the following sentences:
Al Jasdl | s s DA il el

Lo The branch of chemstry concemed  with the strochare, properties, mid

preparation of chemical compounds that consist prirmarily of carbon and
trydrogen 15 call e TEEE chemstry

2. Analytical chemistry is the branch of chemistry concemed with the - it ve

o — — - —— —— —

a|'|t|__l.|_|_|.mlll.:ll'.'|‘ determunatiom of The chwemical ¢ |r||-]l|r||r=lil'- Of substances

Q3: Choose the correct answer for the followme sentences :

1= The branch of chemistry concerned with the chemical reactions that take place in

livimg organizms both plant and animal is .;a||¢[|.].31'.? d"-!“"m '

E Biochermstry b Physical chemistiry ;¢ Analytical chemistry

2- the sub-branch of chermistry include Medicinal chemistry

a) Biochemstry ;. b) Physical chemstry ; Medicmal chemistry

Q4: Enumerate the role does chemistry play m our bves, and explain one of
them briefly.
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Atomic structure, element chemistrv
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Atom definition

An atom 15 the defimng The smallest particle of an element that can combme with
the atoms of other elements to form conpounds, whach also  able to preserve the
chermeal properties of the element, such as Elechonesatmaty and omzation energy,
oxadation favortte cases.
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A tvpical atom consists of 2 nuclen: of (proton: and meutrons) with electroms
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Atomic siructure g8 =S &

Nucleus
The nuclens 15 the soall dense regmon conmistmg of protons and neutrons at the
center of an atom. The atomac nucleus was discovered m 1911 by Emest Rutherford.
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Protons : A sub-atomme particle, symbol p or p+, cames a positive electnie charge
of { +1 ) and has mass 166 x 107%™ g . proton mass shshtly less than that of
a neutron. Cne or more protons are present i the nuclens of an atom.
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Neutrons -A sub-atonue particle, symbol n or o, with o net electne charge and
has mass 1.67 x 107 2 neutron mass shightly larger than that of a protons.
Weutrons are located m the nucleus of an atom

0 x 16T= 4, ks plams g orm R A el Slaeall a2 f
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Electrom : A sub-atomic particle, symbol e, cames a negative electnic charge of
(-1} and has mass 9109 x 107** g electron approximately 1/1836 that of the
proton, and 15 found owtside the nuclews of an atom.
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Fig (1) Atomue shucture



Ion : 15 an atom or 2 molecule in which the total nmmber of electrons iz not equal
to the total number of protons, gving the atom or molecule 2 net positive or

negative electncal charge,
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atom( NO.p =NO.¢) :Ion" (NO.p">NO.¢ ) ; Ion (NO.p" =NO. &)
AN (a8 pT = ak @) magall S (a8pt S A o) el [0 (25 p7 edl 25g0)
Chemical element (or element): 13 a chemucal substance consisting of atoms
having the same mummber of profons in then atorme mucle: (the same atomic
number. 1t 15 given the symbol Z).

B A Sl e e L 0 e p S ASAS Be (f F e (e ) Pl e

(Z ol S A s s
There are 118 elements that have been identified of which the first 94 ocowr
naturally on Earth wath the remaiming 24 being synthetic elements.

M)d&74ef)ﬂsb¢uh@.al}y91d’w;umpdﬂl)A.ﬂ118.5.‘
@J.MM}&DJ&G,tH&}%&L&d’IM @Lba?lu,s

Peticdie Table of the Elements

L 150"

f g 12 U2 1 0 e

Fig (2): Penodic Table



Atomic number (also knowm as s proton mumber) 15 the munber of protons
foumd m the micleus of an atom of that element and 1t 15 given the symbol Z. In an
uncharged atomn, the atonue mmmber 15 also equal to the momber of electrons.

g il MG L HE ARl Sligy pll 2n g (0 el 0 ads g oy el 5 A Sl

Example: A sodmm afom contams 11 protons, so 15 atoome mumber 1= 11
Al s g Meie Aatiigy fll 1] Jo s ims papeall § 000

Alaszs pumber 15 the total of the protons and neutrons together, and 1t 15 Ziven the
symbol A

A el eipalan Sl padlly i g fll e g o) dandl

Example: A sodnom atom contams 11 protons and 12 pewtrons; s mass number A
= 23

23 P A GISane Shigfadl 125 higiypd 1] o s pa gl 852 0000

Atomac Symbeolz: An atom of each element 13 1denhfied by two mmmbers, the
Atomic pnmber and Mass pumber.

Bloss mmdios A
* &
(F+mn ) x Svmbal of element
Ataiwic piwm ey &
o=
E

A = mumber of profons + mmber of neutrons. o Fedl Mo+ SEFg el
Z =mumber of protons in{charged an uncharped) atom (4 pbe e ydigadal 5 8 g gl e
iy el e Mmber of neutrons = A — 7

i g 2T 2 Mymber of electrons = 7 in an uncharped atom. 45 e g8 50 4



How many P, n", & in the species below? sl E_'.'l'-';i'l o .n',e P o

Izotopes

[zotope: are atoms having the same 7 pmmber but a3 different mass mumber A, In
other words, 1motopes are the atoms of the same element, but they have different
masses because they have different mmmbers of neutons.

|‘;,.ha:l1“|h_.i.l;|'|_j:"|-h "'-L&JII'-EHE-‘:J_L"wlﬁ'_'uulﬁzmﬁ.u-:ldj;ﬂﬂh,ﬁﬁhﬂ'

Boron atoms ((B) have two different 1sotopic masses: 10.0129 and 11.0093.

Al S e (a1 4 g S0 (B

Muchde svmbol ZNO.P) n 1s0topIc mass
"B 8 8 10.0129
"B: 5 6 11.0093

Example:

Q) Caleulate the subatomue particles for the atom .1on 1sotopes mn the table below :
ol Jgaadl 3 (o gt A0 ) de i) 0 Al bl s

element: | Proton | Electron | Neutron

PCax 20 20 23
Play ) 1% 3
*Chy 17 17 18
=, 17 18 13

T, 17 17 19




(Quantum Numbers and Atomic Orbitals,)
(s a1l jlaall y a1 sl )
Quantum Numbers and Atomic Orbitals 20 < jaadl 5 a2 da

Each electron m an atom 15 descmbed by four different quantum mumbers. The

first three (m, !gnﬂsdectﬂnepmﬁnﬂarmhiﬁlnfﬁi&rﬁaﬂdﬂﬂfbmﬂl{mﬂ
spectiies how oy electrons can ocoupy that orbatal.

1alnE s (i, ang) AN Aibia 2l s Ay g B e B B g S0 E ey

JMImﬁd|jﬂ$jﬁ]flmm@mimfjluljljﬁ :_Fm_’.-.n:'lnllia_-.jb_ll:- _l:l.'ul."

| Principal Quantum Number (n): n =1, 2, 3, ..., 7. Ths quantum pumber

corresponds to the shell the electron 15 in.

g N A g o ALl i el 138 3 e ) o) )

n=1; K shell
n=2; Lshell
n=3; M shell
n=4; N shell
n=5; O shell
n=&; P shell
n=7; ) shell

The total number of orhitals for a given n vahe 15 (n’).

(0] g8 Lo Rl sl e 2
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Fig(I): atomme orbetal for (He |C, 51)

1. Secondary quantum oumber {4 ) I =0, ...n-1. Thi: quantum number
correspond: to the subshell the electron iz .

G A e g s g0 i R ks a5 a1 ;D e 0= A oA ) usgall ah

Usually, a letter code 1= used to 1dentafy I to avoad confisron wath n:
|

:ntlh:ﬂlljm 1 Jg:l:-i]-u_l_ll:h._.p._.;l?l.'lan.hllﬁgﬁj.t-}
| ¢ 1 2 3 a4 5| cpenfer Laoan | ees Loan
. 0 0 ] LERN ]
L=tt ex & B 1 3 h. | E L L ™. o o

The subshell wath p=2 and I =1 15 the Ip subshell: if =3 and !=U',iristhe.33
subshell and so0 on. The valuwe of I. alzo has a shzht effect on the energy of the

subshell: the energy of the subshell increases with . (s <=p=d = fl.

|:‘E = P = d = f:| I_ 'El .'l'l.'l;--' r,-F';"J' ;_g_.f‘—ﬂ." ;-'ﬁl

3Magnetic Quantum Number (my :my=-41,..,0,..,+1 . Ths quantum

number comresponds to the mumber of ororzls 1 a subshell There are (1 I 1}
orbitals in each subshell. Thus the = subshell has only one orbital the p subshell
has three orbatals, and so on

-ll_ll.'l':--|ll'__j-.:|.'|j"_ﬂ|_'.ll:- J_-L-ih:ﬂ| "_|.|-J||-lﬂi | +|.___:1:| B I -=m.|':l:tm]l-r":hliﬂl I:E.“.'L'-E-
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4.5pim Quantumm Number (ms): This mmmber tells the spm of the electron around
the azas. It only has two values +172 and -1/2. An electron can only have two spms
and each electron 1o an orbital nmist have different spins.

1
t— - -
1
p il e By S 0y g e (e Al e g B T L2
ks

Atoms with electrons the spins are sad to be paired. These substances are not
athacted to pagnets and are said to be diamagnetic. Atone with more electrons
that spmn 1 one duwechon than another contam wnpaired electrons. These substances
are weakly attracted to magnets and arve said to be paramagnetic.

L.,JJ_LJJ.;HJ..H _llm,_ulf_n,_.'_-..u; ,dl,rJ_H,;Hu|?;u}ﬂyqug_uJ_L
-_.....uamu.n.,dhp_uj_,...u.ul ool i B g pall 234 i 53 il o g I

D ~ 1 - o I

I
+1/2 -1/2 i electom SR

Far, o] 032 fp = 52

Fig(2)y: Electron rotation arcuncd the axis

Sublevels (zubshell:) of energy @ s Sla fesall (4 2 aile) a3l

All electrons m the same shell possess the same energy The mam energy levels of
atoms possess sublevels of energy .

ks st A Sl i A ) A i A s S D e sy ) ke
A

The sublevels mehude the four types (s, pd ., f)

(spd, £) <l e Bl Aas 5 gl Ol i Jaiy

{z) smblevels contain up to 2 electrons amd wp to 1 orbatals.
i faall Gl ki S50 D A e b (5] Aupll Clagieas 0 @
{p) sublevels contain up to & electrons and wp to 2 orbatals.
{(d) zublevel: contain up to 10 electroms and up to 5 orbitals.
{f) sublevels confain up to 14 electrons and up to 7 orbatals.



Takle af Allowed Cucavinan Muamibere

Flinaber o Ciliinl Hunmbber =i
A ) o _oihirals  Mimes el ogs
! L i 1 Ls z
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Fig({2,2): Atomuc orbrtal

G :Draw the atomic orbitals for values n= 1-4 explaining in it | f'l . Wy )
number of orbitals; orbital name; number of electrons ).. . Fig 2

(} :Draw the atomic orbitals for values n = 1-4 explaining in it shells name.. Fig 3
the maximum number of electron: that can possibly ocowy a shell is equal to{2n’)
(I} o5 do S e o e ) Sl SN Ata] | ) ]

Name of shell P. Q). Number (n) number of electrons
k 1 A1y =2
L 2 2 =8
M 3 23) =18
N 4 2(4)* =32
O 5 2(5)" =50



Electron Confizurations of atoms: = A 8y 5 el 4

The dismbuhon of electrons among the orbitals of an atom 15 called the electron
confisuration . The electrons are filled m according to a scheme known as the
Aufbau prmeiple (boldmg-up™)which comesponds (for the most part) to
increasing ensrgy of the subshells:

.nJ:n_mLH_-!,a_J_l_’J.'._Tlfl rﬂﬁjﬁp*lhujuﬂjhlj_1|£quﬂﬂu_ﬂf _h:-IjJJ:u_’
lljﬂlﬁ.'i.'.__pi-_ﬂ.rj ;jﬁfchﬂuJJ}wmuﬁj {:Ijh:-'l :Lu"}_-j.'.!jl'..u.i_.:....‘.n_l_j__p.l.“

A ‘“uuc-lds
» 00 two electrons m the atom wall share the same four quanfum mombers (o, L ml

mﬂ_]_u_.} ':_il';'l:'jls.l_l p.:l.'-_l_".'_;l__;: _h.,é-;i_'j_,:._ill _-;._'._-.__!:_-'
-Ela:h'unswﬂlﬁntucmpvmhdaLnfﬂie Iu:n.'l.eﬂenargr level.
fHALN 5 fsa o 58 0 B g 5 S g g T
« electrons wall fill an crbital with the = 1m&’pmnum]:rermﬂﬂmnrhﬂalisﬁlled
l:efi:-mrrwﬂlbegmtnﬁllnfﬂﬂ opposite spin mumber.
faa e el g of 1B a2 e pa o jlall e si s i g T

~ T T e ] o il o
by ] The arsrAsar by’ ',
e
M
i dp ad A4
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S &p  6d L 5| B
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Fig{d): Filing order of pnnempal levels and sublevels
1=%, 2%, 2%, 3%, 3pf, 45°, 3dY, 4p%, 525, 44", 50, &, 48, 54", 6p°, 757,
When electrons are placed m a set of crbitals of equal energy. they are spread
out a5 omch as possible to grve as few pared electrons as possible (Hund's rule).

e by s B S e e G AR Al gt Sl e e Tl g T s L
[ B al) Aan da g e Zhig pETY e LB



Hund's Rule states when filling orbitals the orbatals of the same energy put one
electron m each crbital unhl all orbitals are half filled then go back and pair them
A T Jdl B A aaly g PEN i f Al geds Lgl o el S gladd] gl 3o iph GaEIED | pam
ledz PRy aps S jull s o

Pauli exclusion principle - no 2 electrons in an atom can have the same 4 quanium
mumbers. 4 S 00 el gl oy o ol Fan B ] 8 g FETHT DL el M AT

Examples :

= 15* 2% 2p" means "? electrons in the 1= subshell 2 electrons in the 23 subshell,
and & electrons mthe lp subshell”.

= 15% 2:%2p% 32t 3’ is an electron confimurations with 15 electrons total ; 2
electrons bave v=1 (m the 1: subshell); § electrom: have =1 (l¢ m the 1=
subshell and 6e m Ip subshell); and & electrons have =3 (Ze 1n the 3: subshell
and e m 3p subshell).

sta 5 are empty or half- or .

The elements be stable when subshell crbatals half-filled or filled
a3 e yhaa i Be glaa i g di 25 S gaall 8 Al o el 00 LAME 5 et g5 pucliall

Write the electron configmations for the elements: pabiad (25 G o 5wl

JLd 112t g JL 0 1s

JO1st 258 2pt ¢ GO 15t 203t O i1t 2Ny

phde s 15 251 2p° 35t

aAl: 15 22120 357 3p!

wCa: 1522 2p* 3:% 3p° 441

wCr: 12 2:% 2p° 3% 3p° 457 3d° — 15825 2p° 3=t 3p" 45 3d°

HLOr T 15825 2 3t apt 3d!

wFe: 15t 2:t 2p% 3% 3p* 4= 3d® - Fe™: 15t 25 2p* 3% 3p° 3d°

wCm: 152 27 2p% 37 3p° 47 34" — 1:7 257 2p° 357 3p* 45! 34"

wCu™ 1522 2p% 3P 3p0 ad”

Ve - 157 21 2p°

gAr - o[Ne] 357 3p° ;K [Ar] 3d" 42240



Periodic Table

(598 doss)
The periodic table 1= 2 tabular anangement of the chemmeal elements, crdered by
their atomdc number{number of protons m the nucleus) electron configurations
. and recurring chemical properties. The table also shows four rectangular blocks:
5-, p- d- and f-block. In the penodic table of elemwents, there are 7 honzontal rows of
elements called periods  the first penod 15 having two elements H. He, and the
second starts with hthowm and ends with neon (MNel.The 18 vertical colinms of
elements are called groups, or fammbes.

Shiggpll 02 g A0 0o N ] gy A bl el dyia i 5o s el
05 Al 8 i e gl ey B el sl mimallg e p AT s B
gl ol s aslinll pn Aol g T sk g pecdinll 5500 Jptall B S £y g P
i1ac ) 18y (MNe) Ao (peill as oging o gl wa 1358330y« Ha oH g psic 48 220 g !

e § gt sliall B

In the penodic table the atonuwe mumber for each element 15 grven above the
element's svmbeol.
painll g G @ e (2 Al 2l an g el sl 2

Periodic Law Defimtion (Mendeleev's law): The Pertodic Law states that the
physical and chemical properties of the elements recur in a svitematic and
expected way when the element: are arranged in order of increazing atome
munber.
paoiall Aol y At 3l gl (53520 g g ol ) 5500 g8 i g
Gl L p S B A il f F s Lt dad gl p dalie AL ) £
There are three gemeral clazzes of element: distinewmshed by their phy=ical
propertie; ae mil deadecd ) Sas] wall pciadi Ja dels i) b Ss

The Metals =i 5

metallic : elements have a shimy huster, have logh meling pomts, are zood
conductors of heat and electnerty, are malleable, ductle . Metals tend to have low
wonization enermes and lose electrons relatively easily to form positree 10ns |, called
cations

|E_’L.:|..l|!| Li;l_l__.’EJ_’ﬁ I_I;,_'l.ﬂﬂl_la-_l.i.l..:l_!,.i'_.,.ﬂulu.l:- JJ.'—I.EIJH—'I.I_’#H{IJ.IJ.ILE.IJ.H:II- __..'I.“
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-—"-Ij._ljil .l....l.'.l'.n._’.l.“



The Nommetals <38 20 5

Nommetals | most are not hstrous, have low melimg pomnts. are poor conductors of
heat and slectncity, and not malleable or ductole. Because of thew electron affimrhes,
nonmetals tend to gan elechons mrelatmvely easily to form pegatrve 1oms, called

ATOTS

|p|_|‘"_r_’bJJ;n_|i_.u__.|._:Lna._’.id_ﬂl-Lu:h.u l-\.ﬁ_..:u -lﬂ.lLﬁJ_-!.LLLII.J._u_JLﬁ..Iﬂ.LIIﬂ_uJ.ﬂll
PLML#&JJJ}E.TIJ.L&—!PJ‘MIJMJJEJ?IHIM lLlJ..ln” lej.ﬂ.d _,E‘:'_‘!l

Metalloads <1 5 slad

Aletalloads touch the metzl'nonmetzl hne on the Penodic Table and have properties
between those of metals and nommetals. They may have some charactenshe metalhc
propertes but lack others.

__Fl..:illd_nl:-'_llll_LlJI_’b_El.‘-‘nJ‘:,.ﬂ.ll '.l:lJ_n.l:l:l.Ilul.l:l:l.ll.d.lLrlLJ_f;_l.a

Periods in the periodic table o gl Jpiad & Qi gpali

In each penod (bonzontal row), the atonmie rmmbers merease from left to right. The
periods are numbered 1 through 7 on the left-hand side of the table.

AT AT e f el el A 2 Llae | Bk 3 B e B R
gl g gl aial

Flement= that are m the same penod have chermea] properhes that are not all that
simmlar. Consider the fost two members of period 3: sodiom (Na) and magnesmim
iMgz). In reachons, thev both tend to lose electrons (after all. they are metals), but
sodium loses one electron. while mapnesium loses two. Chlonne (CI), down near
the end of the penod. tends to gam an electron (#'s a nonmetal).

- Ll]_-!,':]'lLJ._lj...:l:-'-'!JnJ j.ﬁi._.u.ﬁﬂ._u._d-l_-.mﬂJ '.ﬂ]_u::h.l.'_lej_III. . '-‘.'h.ll_.rl.d_ﬂ_l
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iy o(CT) S o) p gl S gy w2y 3 0 et ol S Ly o 38 20 0
e AN ) gy N ) Y o 5038 g

Families in the periodic table o Jgall & =

Members of the farmbes (vertical colommns) mm the penodic table have smular
propertes. The farmhes are labeled at the top of the cohmms m one of two ways:

ol B e Cduay Al ol i Ll 0% ol Jptall 8 (R M Bas M) B ped elocd
|.|.'..|I I, Ll.lJ:.__.Hl i:l_lm:!ﬁ_-flhll



» The older method vses Roman nmumerals and letters (TATIA ) | Mamy
chenm=ts prefer and shll use this method.

¥y gl pllal] e ] (O TIA A i g el g Lulag S8 ) Lol A5l a1
skl A 3ssS5 N F

The pewer method uses the mumbers | through 12 18 I 1 o o 5 Saoal gl aaan

50 the element= 1 the same fanuly have symlar properies we can examme mamy
farmbies on the penodic table and look at the electron confimwatons for a few
elements m each fammly. The followng below hsts some mportant Gomhes that
are given spectal names:

.Ln.__ﬁn_’;j_.__*-j'_'ll.._ll_’_'l_'_-lll__.—i P!J'-mw.ldj;uﬂqwuﬁ;ﬁmmajmgj}ihjm
ek o Al SO | s 3 s i L Lad g Allc (A J;..d;nJI_.:.u__.],;_,“:E..Fﬂ;J;u_JE:‘_,_-:n
:l-l.l..:L"n.i;'.l....i

Main features of the periodic table s Jpal deal 5 adicad

sFloments fallmg m Groups 1. 2, 13, 14, 15, 16, 17, and 18 ame mfemed fo

as mam group elements (3- and p-block elements).

o=t Ll 3 Sallg 1B 317 316 515 514 513 52 51 Sic pasall L 8,0505 S pealadl
(= p paic y 8) Ao poall daws

*The ten element: m the center of pernods 4 through 6 are called the transibon
metals (d-block elements), they fall m groups 3 through 12.
]_1 '|3 uJ.-l:-_,.u.m

Group LA (1): The Allali Metals 4 gl < il

The alkal metal: have 1 valence electron. They are soft metalhe sohds. with

characteriztic metal properties of shin luster and high thermal and electrieal
conductivities.

et B et S i e A Bl Al ) g gl L] R [ 2N g g o A

A S 5 et e g e
The alkali metal: react with water, producing hydrogen gaz: and a zolution of
an alkah metal bvdroxmde. element: tend fo lose a zimgle electron form (+1) 1om

In reacons.,

SR il s o gy g ey gl LY celall g JELT ag glall o Ll
SNEUE ( (14) S G g g )



IMafs) + IH,Ofl) —= 1IMaDH{ag) + H,ig)
1A 4L | #%24 L' Fa
IA N L' 2pt iy Na*  1#24°25°

Hydrogen 1= m the Alkah Metal: Famuhy - but; Althoush hnvdrogen has 1 valence
electron and 15 found on the penodic table m Group 1A 1t does not tuly belong to
any pardcular group. Becawse 1t has mo core of electrons producine muclear
Where alkalh metals lose thewr valence elechron hydropen normally shares ifs
valence electron The fact that hyvdrogen can actually gam an electron when formng
hyvdndes finther showes that 1t 15 not really a member of the allali metal famaly.

g gyl A g Y A g el o i ) e oy s gl 5 i B g g gl
as)l o g ¥ 0 Aima e g i N G i W ] A panall g piadl A4k
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28 4 3 3 31

Group IIA (2): The Alkaline Earth Metals 4c pesa TIA (2): dud gl i g5l 24 8

The alkaline earth metal: have I valemce electrons. Thev have charactenstic
metal properties but are harder, more dense, and melt at higher temperatures
than the allali metals. compound are a2 major component of earths crust elements
tend to lose two electron form (+2) 100 m reactions

A 0 ilis Sl B e S 3B gallead gl WS Cliy 250 D e Sl Al all s gRl o 58
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ma ,Be 1525 Be™ 15
oA Mg L2203 Mg" 172420

Group IILA (13): The Boron Group 45 gaaa TITA (13): Sl 45 gana

Alembers of thizs group have 3 valence electrons. metals tend to lose all of thewr
valence electrons to form cations.

Lo ) g A e 8 R e (el ST iy ) 3 el A gl 00 ]
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Group IVA (14): The Carbon Group  (14) % padl TVA- 3 £l Ac pao

Members of thiz group have 4 valence electroms. metals can lose ather the
electrons from the p subshell, or from both the = and p subshells | this attzmne
a pseudo-noble gas confizmztion
e L R e e e e e

wedll jE el e p ek Jolly posis o Al s e

VA g [Rr] 445750 an’" [Er] 44"4
So"  [Kr] 42"
Group VA (15): The Nitrogen Group (=35l 4 paaa VA (15); 4o pasa

Alember:z of this group bhave & valence electron:. pon-metals gain electrons unhil
thew valence shells are full (3 alectrons)

3:|_|:_.__|.li _!i'lﬂln—l.“:- '.:_-I.'-. ;‘:I_’Jﬂ?ll_uﬂ-\;ll_}l_iﬁl _ﬂﬂl .;thﬂl S'.E-"_' i.'l:-_!..h...l.hll_'ﬁ;.'_ﬂ:cl
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VA M 144 20" 3 b 144 20" 3"

Group VIA (16): The Oxygen Group (i g A g {16) VIA 4o pasall

Member: of thiz group have & valemce electroms, There 13 2 change from
nonmetalhc to metalhe character as we move down this group. non-metals gzin
elactrons wmhl thewr valence shells are full (8 electrons)

(i g =0 B) ALalS o WG] S| S Tl g EE) 265 ] B A A pacal] a3 Jid

VIA G0 122y O L 2 2

Group VILA (17): The Halogens Siia g (17) VILA skl 45 puadll

The halogens have 7 valence electrons. They are typical nommetals.. Halogens are
hghly actme wath high electron affimties. In fact, the letter X 1= sometimes used m
chermeal equations to mdicate any one of the halogen elements

Ail] paddafidlts A Cdie gligll ua_,uqﬁ.ul.,j_?ﬂ|;u_”ﬂ;?m;@ﬂ!.§]|
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Cem fal palin fa lal g
pCl: 157257 2p° 357 3p°



Croup VIIIA (18): The Noble Gases aled] o4 sl A{18) VIILA Ao gasall

The noble gazes have 8 valence electroms. Because the noble gzases possess such
stable electron confizwations, they are exceptionally un reactive.

g B e By ED] s oS e Fia Bl Al o G o PSS Sy N Lgh Al o sl

The B Groups (3-12): The Tranzition Metals a5 Sl ({12-3) o Sio pasal

All d and f block metal: have 2 valence electrons. Smee they are large atomes, the

"shieldimz effect” causes them to have a wide 1=nge of posable coodaton mumbers

when formmny compoumnds.

The difference mmrohves the placement of the Lanthanoid (Senes) and Actinoad

Seres.
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Periodic Table of the Elements
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(lonization energy , Electro negativity, Electro affinity)
(Aulln 5 5 i g 00 A ¢ aladl ABULSH)
Ionization energy, [E: Bl d8s
The Jonization emersy of an element i3 the enersv required to remove ome

electron from each of a mole of free saseons atoms of that element to form 1
maole of Fazecn: mono-pozibive lons.

S el & i 2 e e e ] gy A Y e iiﬂlul_r-ﬁ:;e‘ﬂml
Ao gall Ao & Yl Sl g cpa g ] Sl o)

It can also be descnbed as the energy change per mole for the process:
Bolael) Joyf (g ST BB Byl A s i g L g
Sy T S PR

The first omzation energy. IE, 15 the energy needed to remove the first electron
from a neutral atom.

Aleia b0 ot gl o S0 A0 3 A 0 A A W JF o J g ol s
Nag, — Na'g,+e

The second jomzaton energy, IE, = the energy needed to remove the second
electron from positive 1om.

A gall s A g A g T AN 3 A A ALY b T Al ) A
Na'py — :"'u':f:[r,. +e

The amount of energy requomed to remove an electron from an atom depends
on the nmmber of protom: m the muclens of the atom and on the electromc
confizuraton of that atom.
e B STl e e e B ca g RSl AT G Al 3] Al
B =)
¢ In period: IE increase with increasing of atomic number The alkah metals
have the lownest and the noble zases have the highast.
Ak e Lot dlbal] 2 Fally, 50 gl A pfEl) ol 0 |5 50 M) B0 ) e 3 B TE B 50 A
In groups : IE decrease with increazmg of atomuc pumbser.



(5 1 2] B wt (s TE s pacall 2y
Example: Amrange the follownng atoms according to increazing of lomzation

BNETEY. ol ALl B 3 18y BSOS 5 o e
nMa =P 420l or [Ma <=P<d(l periods

increasing of TE

- o Mg =P 30 periods
decreasing ol 1E .

|:|1"lil ].'5! 2t ‘I -h 3“"
P 2 17 250 2p° 3% 3p°
oCl s 15% 257 21p° 3 3pf

e, 165, g0 or aSe = @S < 50 gl ul]

imeveasing of 1E
_,_.Hﬂ' im m.-": "J-uﬂ i s

=l

et emzing of 1E
£ 115% 25 2pt
6% ils? 251 2p0 35t 3p!
woe 1 155, 252, 2p°, 35%, 3pf, 45t 34" 4t
Electron affinity, AF :
The electron affinity the amount of enersy released when an electron is added

to a peuwtral atom or molecule to form nesative ion:.

AE ;4 g a2l &dl)

AdLd .:.L'._HE:'I Ce g es i ,Ii..'._h:ui-_.,h]|b_1:-uj_.;.ﬂ!i._&..:=_! Yo dmaialll Bl Aug Ay =l Al
o4+ B e K 4 ENEEY

Cly+e —CIy (AE=-349 kl'mole)
« Inperiod : AE increase with mereasing of atorme number

« Ingroups : AE decrease with mncreazing of atonme number.
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Example : Arrange the following atoms according to increasing of electron
affiraty

A g I AaFY) 8 By 08168 p AN 0 a5 o e

gGa pK 3B — pK<aGa<Br peod

sk 1 152, 252, 2p% 352, 3p5, 45!
uwGa: 1s%, 258, 2p®, 3st, 3p®, 457 3d" 4p'
wBr: 15%, 2%, 2p%, 352, 3p°, 4* 3d"" 4p°

101 mBr sl —= gl € B pCl
s
nMNa ;L K — pK < gNa< ;LI

5Li :1s* 2
Na : 1st 257 2p% 35!

ok 1 15 25 2p%3:? 3p® 4!

EA penerally becomes more negative (merease 1 affimty) across a penod and less
negative (decrease m affimtv) down a group.

Al gl Jiead (A 3 il Al B g 5 g e (AT Bk 3) e ST e b g F A

Electronegativity (¥ ): of an atom in a molecule 15 3 measure of the abihtv of the
atom to athract electrons bonds to siself

ool g Tl Y e e 5 e g e B8 () s e g AL e Bl
18 g

A property of an atom which increases wath its tendency to attract the electrons of
a bond. el gl s g EET O] L A e 23 B0 dseals



Each chenueal element charactenshe Electronegatnaty ranging from (zero —4) on
the Pauling scale 1n general.

Ao eSSl g e o (3 - ) pue g S pel B et A el Ald] kS aic (K

At row electopesatiaty iIncreases on passing from left to nght along a period.
which decreased atonuc sime; so the nucleus can athzct valence shell electrons
towards it Thus, more elements Electronegativaty are the elements m the nght of the
table. and the least Electronegatiaty left table.

,:h:l.;-.-‘..l.l u:ﬂ:._u .ﬂlijj.l]lujh l_.E.ul..l.I __.L...l.'..ll wt " _’J.IJ __.Jl'_u_l__lgﬂll_ul._ulﬁ _-g."_“'-..!
u}uﬁ_lll_uﬂ..ul‘;- ﬂ:ﬂ}@blﬁuﬁal&jﬁ'—mdmjﬂjﬂﬂ ._I ill|
Cgardl sl el Bl g a0 e B0 B g gl padl B pelis 8 panll

At Group: whenever we move from top to bottomm decreased Electronesatinaty
and atomic size increased; therefore electrons repel each other the last energy level
of the weaknesz of the miclens attracted towards i1t Thus, more Electronegativaty
elements are the elements at the top of the table, and the least Electromegatiaty
bottom of the table.

g I A A e g AL S Al] Caidi) Jt | 1t o BTG L Ae gaoal]
;...;mJ.-i__.J__._,.,E.IJ.._.._ﬂ....‘Flmq_-jj.Iﬁnj_mlqﬂﬁ_pé_h@'mﬁimijﬁhﬂui._juz
gl id B o L el A By ol piall oo gggiell o Joll 3 s A

Electronezativity vales are useful m deternmmng of 3 bond 5 to be clasmified as

covalent, polar covalent or omic.

ll.'..ﬂLuJ]'llJ..l.uﬂ_...lﬂLﬁ.ll _t-hmd_na#.uj._.dﬁdl_t ‘_’jmu_._ﬂﬂu_..m':d
As gl g Aulil

Exanmple: Armange the following atomes according to increasing of Electronegatinaty

aMa P, 01 3 Gli, g Na , ol Al el dadl AR 5168 g &850 o A0 e oo e

p i P g Cl — ||Hi|l-:'|-,F-:'”ﬂ el
b

||"";I| ilA |||"|. — |._.|‘-,ll: |H#": il HIUEg

—— :'-"_."-"?""
In period:(y) increase with mncressing of stonic mumber o &l Sandi Bdu ) as & o) e 2
In group:{y) decrease with increasing of atomic o gl dandl B} st i 1) A gt A

number.
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67) 62
Ho | Er

Q/ Arrange the following atoms in group, period according to
increasing of their electron affinity, and Ionization energy.

4Be : nNa :3Al 5P 1 3Ca i 36Sr

g:& 5&

®y e

Ce |Pr N
T |Pe U |8 Pa

Be: 152, 257

nNa: 1s?, 252, 2p‘, 3s’ QIOUP 5,81  L,Ca Be
Al 1s?, 257, 2p°, 357, 3p? lanizmtion energy
15P: 1s%, 2%, 2p°, 352, 3p? period Na Al P

20Ca: 1s?, 252, 2p®, 352, 3p°%, 45° oniZation shergy

asSt: 152, 2%, 2p°%, 357, 3p°, 4s% 34" 4p° 557



(Ivpes of bonding, Covalent bond, Ionic bond, Polar Covalent bond),
(Non — Polar Covalent bond)

(Al a5 ol ¢ i gl 5 s s LolE ol & o 31 1 551
{ Akl il Asablodll & )

Lewis Symbols oea# j3s

In 1916 Eossel and Lewns proposed that atoms of elements react wath each other
m order to achieve the stable electron ammangement of the noble gasses In order to
obtamn these stable arangement every atom tnes to attam octet confipmahon
(presence of eight electrons) 1 1t valence shell by losing or gaming or by shaymg of
electrons.

-\_l_'..l_ll,.llj_:hn_ll_laql_rl u::l_'..lll.i_._m_'h.u_il_l.l:-l.EJL.:L:l_l-\_n}.'l |L.|.l.l_,!jq_d.|_|j£. ﬁlllEl'l-ﬁ_,:hJ:- _.!
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i g Y

These processes are generally represented by using (Lewis symboks) | an atom of an
element represented by the symbols for that element and the electrons 1n the outer
shell of the atom are shown as dots small circles or crosses | around the symbol for
the element For many copumon elements, the muwmber of dots corresponds to the
elemment's sroup number. Below are Lewns Symbols for vanows elements. Notice
the cormespondence to each element’s group number.

gl 138 ey lefa paic 30 elip o e d pe ) aliiial Silel] 23 Lagac Ry
cp=im gl spilall g8 e Jan s RS N ) MR R g gall i g T
i e Gl ey jeainl e gandll o ) e 38 e BE Do A paall e S,
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Fi 457 257 ap’ CFry 32 3. ITRe _F:
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Fiz(4): Lewas dot stuctures for element



Tvpes of Bonding =¥l gl
E]le:l:l:u-::ll lmml a nlm;ul attrachon between two or more atoms resultng ﬁ'um a

Aan fall g PETH a3 Bded (e Aol cd O G BS gt] pe JSal)  diandl) § utfl
A e | g el i ol
or Chemical bond -The forces that hold atome together in compounds

] a0 B o il g At G ) g
Topes of Chenueal Bonds Al pal 91 6150
We can clasafy chemmeal bondmye 1n s1x major types :
Rt B A Rl el g sl i
Iomic, covalent, metalhe, polar covalent, hvdrogen and Vander Waals,

ol Lalad L ki laals | Aoyl B gl

Ionic Bonding 48118 pafl

lomic bonding 15 the complete transfer of valence electrons from ome atom to

another. When an atom gams or losses one or more electrons, 1t forme an ion. Ions
have esther a posimve charge (+)or negatrve charge (-).In 10mc bonds, the metal
loses electrons to become a positively charged cation, whereas the nonmetal accepts
those electrons to become a negatmvely charged amion. lomic bonds require an

= = i

Bl i g et Latic g Al Rl g B b e WEEE il g ST QWS R A Al B il
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The wons m compound are atfracted to each other due to opposite charges (lomic
bonding). Motice that the charge of the esulting compound 1= 0.

A A il pall i SB op By (A i el Lelaiall Sl S e gl gty M a8 S el a3a S

Example 2: Magnesinm chloride (MgCly) p o & ;g

In this example, the mapnesnmm atom 1= donatimg two of s valence electrons to
chlonne atoms. Each chlorme atom can only accept 1 electron to aclieve noble zas
configmathon, therefore, 2 atome of chlonmne are requoed to accept the 2 electrons
donated by the magnesium MNohice that the charge of the compound 1= 0

o e AR A R g e e e peall B J0) 18 2
iy T D Jpl gl 3 D e ol B g fuill Fall oS 5 Bias g ] ] e oy g pETA

phde s 1:2 2:1 205 35t O ol CE jal] dinl oy Y p gl lgs Samda Ll
+" .l-:.\- -y : -\...I-:.. ™ aEfw I .'.-—\.I.- - HZ 'i =
o ME T T Ege MET RS Mgl

Tomc bonds commonly form between atoms of the 1st cohmm and the 7 column
2x. Na(l and between the 2 nd cohimon and & th colmmn ex. AMz0

Crs pagetpeall to gl (Bl Ju e T dgamlly ]2 paell O 0 e de Asi gl B ¥l (1SS
:‘HIE{} q_.'-m ._I:""""I_,J: G _'j.ﬂ:l.'h_jz J_’.]:l_“

Ex: CaCl; . CaF:, AIC
Covalent Bonding st & pati

Covalent bonding 15 a chermeal bond formed by the shanngz of a paw of electrons
by two atoms.

Sl A e e R ey T a5 3 A 0 e 0 S AL B el 8 Al B et
Thes tvpe of bondmg ocowrs between two atoms of the same element or of elements
close to each other 1n the penodic table.

dpall A ol lpsims i f pualinll g poinll g (o (5 0 e Bt Tl gl gl 38
1]
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Example: Chlorine 3
H R T

the Lewis symbol for Chlorine is ) “
100 ds? 287 2p® ag? 3p"

W



If two chlonme atoms share one unpaired electron as m the diagram they achieve
the stable electron amrangement of Ar; We can represent thes on a digram called
a Lemiz structure The fact that one chlormne has been drawm wath electrons marked
as crosses and the other as dots 15 smply to show where all the electrons come

from In reality there 15 no difference between them:

AP ot f ety gl g ) AL al g 3 e g PTG DA A e el Al 5 Y
Sl ppeiaaly o BEEN e R s il an e e B s et Ay e
ot g T (€ ol e gl Al g WS ATy ol Sathe i g Y] pa g )
Aagio 3 8 Jo g f a8l gll

X s

’ AN R+ 1

+ 4 - - g ] :
EENCI L LI
358 238 Cepie e
A molecule of chlonne 15 formed. there are no charged particle . the struchural

formomla of the molecule 1= wntten as : Cl1-C] where ™ — " represents a pawrof
shared electrons .

| PR P TN L E R AP e TN SN A
AL lall sy N g i ™" S oCHC

Example: Draw a Lewns structure to represent the bonding in ammoma  (INH;)

(NHL) Loiadl A% el (il o f (i) af o s e

N electron arangement 2.8 H
HtN*
H electron arrangement 2 ;[‘

N 18T 257 2p7

The structural formula of the apmonia 15 wntten as:
s oAl gl e 1 i il s

| ——  means a pair of shared electrons
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Example : H: CH; HiH {-'Jl.r-' | HtC : H I‘hh-}l' c.-].E-q.H_-'

by iogen H

AMulaple bonds : sometines more than one pamr of electrons 15 shared | for example
oxygen gas (Ok) :

FE e e o ol Lkt g I oz o GBI sphail e B diclin el gl
(0] el gl

+ 44 4 u®
) Cr 5 Ch

T+t ® aEm

Each oxyeen shares two pans of electrons to achieve the electron confipwration of
neom (Ne) .

Neg il 3 iy FETA i 5 Biiadl ol g 0P b o g § o8 e 1 K

The structural formmula of the oxyzen molecule 1= written as:

++ kW

=0

T+ ma
A double bond exists between the oxygen atoms. gl Sl 3y Al 2 i g

I'riple bond:: this type of bond 15 formed by the nmtual shanng of three electrons
betwean the two atoms.

4 0 e g ) R0 U1 S e 1B 0 g (30 B A 130 5 ST el

It iz indicated by three lines { = ).

INSND o (N=NS

t



Polaritv of covalent bonds:  dadad daabledll & eyl

Covalent bonds, formed by shannyg of electrons between the two atoms oy be of
two tvpes - non-polar and polar:

B A G S A G el e g S e S A sl el
Sl g el

» Non-polar covalent bonds: A covalent bond formed by tero atoms having
equal electro negatmaty.

Examplas : covalent bonds formed between two hydrogen atoms .and betareen
chlonne atoms :

| e L - T | LI e I g il
-:-.—llﬁ—ll-.:—_':j'hu_—:I--:-J—_l_Llﬁ—l-.—_.-l.-_'_—l—l _H___l_E_‘l__':l.a_l_.l.'l._lj__:

HIH JClicle

- a ¥ ¥

In these examples the parr of electrons 1= shared equally between the two atoms.

el '_l___"'_\_'__._:'_;_'.]_ -\;-\_'j__;.'_i;'l_\_..l'. :j__'-_._n_-.:_:.'__..;_"n'_Jl - ‘,E

P

= Polar covalent bonds: A covalent bond formed by two atoms haning unequal
electronegatninty. The electrons pamr 15 shared unequally by the two atoms wath
the result the atoms some partial charges.

8 ey Al A 5 o0 1 U5 o 2 MLt i ek st
A st e 2 AN R A a2 A LR s gl B T g
Examples: the bond formed between hydrogen and chlonne atony::

e e e L
.IIII' R
H I':'.I-I- or H_EI
L

Chicnne 13 more electronegative than hyvdrogen, the electron pawr 1 more
attracted towards chlonne wath the result the chlonme end of the molecule wall
bear a partial nezative charge (-&) and hvdrogen a partal positive charge
(+8).
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How to Predict Bondine Type Using Flectronesatvity
Al g g6 G o 6l 5 Gl B

You may be wondenng: how do you know what type of bond wall ocour between
atoms? You can predict wiech type of bond will form by lockme at the
electronegatiaty of each atom mvolved m the bond Electromegativity 13 bhow
strongly an atom will athact electrons from another atom m a chemmeal bond. Some
atoms have a lngher electronezatmaty, while others have a lower electronezatiaty.
CHF # sl 3ol Ry Tl ) e St | pal J g g La byl i€ o el |y B,
G Gadg g penld S 13 0 R g g Bl DS 0 ) S el
Byl 9 AT G g g oot g €
IF the different m electonesatraty between two atome shanng a bond 15 between:
S e e
0-08 the bond 15 covalent bonds LS pal 5
o7-16 the bond 15 polar covalent bonds  ddf Adld b pal

1.7-higher the bond is ionic bond Ligh Laalad pal e
Example:
Compounds= EN Chiference Tvype of bond
H,0 H=21, 0=35 14 Polar covalent bonds
HCI H=21, Cl=30 0.9 Polar covalent bonds
CaCl, Cl=3.0, Ca=l 2 Tomse bonds
CH, C=25, H=21 0.4 Covalent bonds




Periodic Table with Electronegativity

[1a [za [38 [48 [= |6 [78 [ =B [12[zB [34 [4a [35& [6a [74 [2a
I -
H Ha
z1

(3 [a | s [ & |7 [8 [# [mw
Li |Ba Elec ww|o |F |Fe
10 |15 20 |25 |20 |23 [40
? 1 1% 14 15 16 ?1_
Ma |nag Mla e | g |l
(=10 - 1% |12 |31 |25 |30
(19 [zo [0 [22 [23 [24 [=5 (26 [27 (28 [2s [30 [31 [32 [33 [34 [35 [
K |cae |Ti | v |Cr |Ma |Fe [Ca |16 o |Za |Ca [Ce |8 |50 [Br |
08 |eo L3 |es |1s |1s |05 o (o 1s oo (16 |1e |18 |20 |24 |22 |20
¥ (3w a9 (20 [41 [42 [43 [44 |43 (46 [47 [43 |22 [ =0 [ 21 [32 [20 =
Bb |5r [T |Zr |t e |[Te [Bu [BEh P |Ag [T |[In |58 S0 |Te [ X |xe
o8 |eo 1z |14 |16 |12 (e |22 |22 Jzz | (27 a7 |12 |19 |21 [23 |26
(55 [56 [s2 [z [7a [7a [7= [76 [ [78 [0 [=0 [®1 [&= (83 [Ba [25 [35
Cr |Bu La |Mf Tu |W |Fa |Os | Pt |Am [Hg [TI | P Bi |Po (& [Ra
a7 las lia|lex |13 |17 |0 |22 |22 |22 |24 |32 |18 | 1% 10 |20 [22 |24
w1 |82 [ae [1na |10 [108 (109 [a08 e e [ [ova (o e s [0

Fr [Ha |Ae | R (Db |2g |Bn [He |08 De [Uws [Uubh [Uor [Ueg Uep [k

o? |0 f11

J - From the tabulated information, write 1-Lewis structures , 2-

vpe (Covalent(single , double , Triple ), Ionic, chemical

hond

following Polar Covalent, Non —Polar Covalent,) bond for the

chemicals :

H,O0 , HCl , CaCl, . CHy .0, N,

Elzmant H o Ca €l i M
Atomic number  [Z) 1 B 20 17 [ T
Electronegativity [E.M) [ 2.1 s 1 3.0 25 31

1
HEEI 1H 15
J5-11=14 (o0.7-1.6)
1
HCl 1H r 1s
3.0-21= 09 (0.7 - 1.6)

:'D: 151 151 294
Polar covalent bonds

ir

2 Z E 2 L]
Cl: 1s 25 2p 3s 3p
Polar covalent bonds



0-0.6 the bond is covalent bonds Atanlidi s pal oS
the bond is polar covalent bonds  Zuk® diealed & el 750

o.7-1.6
1.7 - higher  the bond is ionic bond. i gl 5 el ) 9
Zz 2 E 2 [ 2 2 2 b z 5
znlvl!lﬂ: 1s 25 2p 3s 3p 45 1?vl:l: 1s 25 2p 3s 3p
3.0-1=2 { 1.7 — higher) lonic bonds
o AT
AN TR L
et (i -ﬁ;" -l.:l# [y +':;;r Eﬂ:h
CH
4
1 3 z 2
1H:l_s IiIZ: 1s 2s 2p
2.5.21=04 (0 - 0.6) Covalent bonds
H
HiC I H
M
2 2 2
CJI EIIZI': 1s 2s 2p

3.5-35=0 (0-0.6) Covalentbonds (adouble bonds)

+ = -

=0}

%

L ]

-t
™

FO )

¥+ i

t+
IS
&

F4 F4 3
HE 7r‘-.I: 1s 25 2p

3.1-3.1=0 (0-0.6) Covalent bonds
#+
PN ND o (N=N,

[Triple bonds)



Principles of analytical chemistry, Qualitative analvsis, Quantitative
analvsis Volumetric analysis . Titratdon process, Standard solution,
suitable indicator

L:\.'.:l.ll__liq_!_’j:l.ll.i- ] iﬂlﬂ-. ;'.:d:_._'hll.\_li._lh:.hl.'-_l_ﬂj._!._.]:.ﬂ |"._-l_l:-_’.'3._!._-L'|-:'J li-_J-_-::--l-“ i;'-_l-l-_IE-“ I_ﬁj-l.-l-

Analvtical chemistiv - 15 the branch of chenwstry mvohred with the idenhfication

of composthon of substances .studwving the properhes of matenals or developine tool

to anahyre compounds.

3t A pall | pailind B 1y o galll L1 i dtmy pui il sl B g 2 o B ok Al cleatll
Sl Jdadl B phina B

T'ypes of chemical analysis rleash (hlasll £ g4

The processes that applhed on a substance to identfy s constiuents and there
percentages, divided mfo two types are:

(o (0 9 T AT g ol gl Ay 45U pEa Atadl B e RabS | Al Sl
1-Cmalitative chemical analysis 5581 ool Judadll

Cualitative anahzis 15 the determmmation of those elements and conpoumds that are
present m a sample of uwknown matenal It wsed for wdentification a substance
constiments and the way of ther combmations to separate and detect cahons and
ameons In a sample substance.

oty s Flpend A gt i ARIge gt QS All SLE pally o] FE a3 A oo il (a3
Aic Bila 8 ol i g Ol palSl) RS g A pas | ol A gl g Bolal] S ey Lal 20500

Fust. ion: are removed m sroups from the imbal agueous solubion _Afier each
sronp has been separated then testing 13 conducted for the indinidual jon: in

each sroup .. Here 15 2 common groupmg of catons .

i 3 g v phnd (o 2 ) e g e gl T i BT g A1 a5 oY
;ugﬂ|;pldﬁqu;*_gug,__ln}mtﬁ;lyﬂ|;u_;u FES )

Group 1: Ag" , He:"", Pb*" Precipitated{—_=}in 1 M HC1

Croup 1: Ei}'_. k™, :’!..EL_, '['_'dl_, Ca™t . Hg‘h+ and Sn** Precipitated m 0.1 A H.S
“olution at PH=0.5

Group 3: AP, Cr'', Fe'",Fe'", and Co®™, Mn" Ni™* 70" Precipitated in 0.1 AI
H:5 Soluton at PH=9.



Group 4: Ba—, Ca™", Mg "5 are Precipitated in
the other tons are soluble( i 20 ALEN ¢ 2 Cligly Group &
(Li", Na~, K™, Rb™, Cs" NH,")

Many reapents are wsed m quabiztive amalysis , but only a few ae mobed m
nearly every group procedire . Lhe four most commonly used reagents are -

o pens B (B A B p b B e o g o gl et AR S e ) plin
A e md ) g ) el L
6 HCL 6M HNO,, 6M Na0H, 60 NH:
Understanding the uses of the reagents 15 helpful when planming an analy=as.

Lglbas] dabass Latie ke it oSN Clalaasod agh o

2-Cantitative chemical analysis: 58 Saalll Judach

mh:mmeeumnhmtmacuﬁmwmdrufﬂuﬂnﬂmmeaniﬂﬂm

of each constfuent .

Sl (JE A g Bl | el ey g 8 B gl A s aa el ) eLaH E
MMethods Used in Chianttatve Analysis Sl a8 danss el bl

A vanety of methnd= 1= enploved for quanttatme analyses, which for comemence
may be broadly classified as cherweal or phy=sical dependims upon which properhes
are uthzed

meHL'ML'_“EM}uPHJ‘ “._L'h-l:--ll-\_l.l.L-.l l.nl.l'.l:-_!....'..i-‘..l:-_’.l.-.ulla_'n.u..._’
L’.‘.I.‘-.‘-.lll:u J“'HM:EIE_.I'!..'JIJ'JHP'J‘QJWJJI

Chermcal methods depend wpon such reachons as precipitabon. neutrabzaton
oxdabon, or, I general the formaton of 3 new compoumd The major types of
stiicthy chenueal methods are known as gravimetric amalvzis and volumetric, or
ttrimetric anakvms.

e o pa i g .FJ.DI;_E@L_,iLu..si s e s 5 po A E] A | e L) |G gkl taas
5 phaally Jaladi gl cponmadl g o ol ladadll & ad g pal] 58] 30T |5 T St 5 F g o

Phyzical method: mvolve the measwement of some phyzical property such as
denzity, mefiactive mdex absoipton or polanzaton of hght, electromotive force,
magnehc susceptbibty, and others. An anab-sis wall offen requoe 3 combination of




methods: gualitatse for separatine deszired conztituents from a zample and

gquantitative for meazuring the amounts present.
i g pedioial g o oS0 e (AR | Fa A5 Gl |l il | gimmy |l Jals A il 5 b
|__|j_u.l:ﬂ'||_.|.i|_1g}i._|.|:|ﬂul_|.r1- ._!._l].'l..".”_-!._ij__p"-.':]"j|w|w1:¢ﬂlmmlaﬁllp}ﬂ|
RV ETP- R JPCY PP BFTCICINR W g
Solutton: A homogenecus mpchme of two or more substances. The mdmndual
substances wiuch be present mn varving amoumts.
A et s g o) Tl gall 80 g1 (e G g0 el Bl gl
Solution Examples: An example of a sohd sohihon 1= brass. An examgple of a hqmd
solubon = aqueows hydrochlone acd (HCl m water). An
exanmple of 2 gaseous soluhon 15 .
paala b B (Jyba e (Bt il pdadl] g cdiall Jylaa e () e r] gdall Aial
wlpll g g il Jglas o M felall B2l g g gl mela Slall L g gl
Solute: The substance which 15 dissolved, or has gone mto sohihon (typacally sohd).
(ol g ds ) (] ploall S Yo e AERS gl LA A )
Solvent: A component of 2 solubon that 1= present m 2 larsest amowmt or that
determynes the phvsical stat of the soluhon Sohvents can be broadly
claszified mto two catezones: polar and non-polar.
Ao s Chahall Jglaali A o jell Aol 2ay o g Al i E e o3 ol ) o - il
Al pf g Al eiea T g

Ligud solutions are clazsified according to the solute particles, into the
following states:

el Sl ) Al S el Al il i

True solutions: 2 soluton in which the solute molecules(10™) are distibuted across
bowd . It does not affect the transparency of the sohvent howd and
not separate the dissohved particles by filration

;_E.L..:ﬁ ._.J_l]_ _-' | ieé'l.'l..: b_-l:- .;I_H ']'j |;_E.L._:|\'| L.th ._.ILljl ;L'.gj,:l.. LI\_J_.J_F ,:J:-.JTH I\_|I'_’h|._.l.!| .’l - -!_:I:..- I\_|.'_’h|...l.
et Al G g A i ek Y
Colloidal zolutions: It iz where the solute molaculas (10°-107)_is not completely
dizzolved m the solvent and can be seen clearly i the soluhon
and not zeparate the conztituent particles by filtration.




Tropiin Suycatd ALl oyt alad ol Sl e 8 A el e g Al s
A b m Ll et e Y g s E
Suspended solutions: It iz a deposition that solute molecules (107) and can

separate the cons atuent parteles by fltration such as
sand n water

g A (e i o gl il o o syl ) il s 5 e ) S gl
elall 8 Ja i (e

Volumetric analysis : anv method of quantitative chemical analvsis m which
the amomt of 3 substance 15 determmined by measunne the volume that it occumes
or. m broader usage. the volume of 3 second substance that combmes wath the fiost
m known proportions, more comrectly called tnmetne analy=is.

ol g g o Bl A iy ) ] el Tl A g g el Jaladll
Flldameas e gl g s pnt 800 Bl penll g aliind g dglies
B plealy (Mad e
Titrations (Calibration) ;s | # gl
A titration 5 a techmoue where a scluhon of known concentrztion 15 used to
deternane the concenbration of an wmknown solubon. Tymcally, the tiramt (the
know soluhion) 1= added from a2 burette to a known quantity of the amahte (the
mknown soluhon) wmhbl the reachion 15 complete. Enowme the vohmne of fifrant
added allows the determnation of the concentratton of the unknown Often, an
mdicator 15 wsed to uwswlly sinal which 15 often mdicated by a color change the end
of the reaction, the end point.

R e (pgne Jylan 38 5 Lia pglen 8 (Tglea s 5 Sen B 4 )
P (Upens dobod) Alaal el aidy e as  dala o gt o) dna e
el -..'-‘..I-'—._r gl (faa 8 5Lt may duimal] plus ]t pan & e A5 L

g P ool patade Julale g ddedlAkn I E L Bde (S Al

el



E The mwost important mdicators and the range of 1ts color change are -

- P | = s - [* A B R
_.\'._J g _Hda_l.j-__lﬂl_.l.l_‘ul Ly

Color m
: Fanpe of
Indieator Aadic | Basic Type color change
medium Mednmm
Methv] orange Eed Weak base | Between PH (3.1-4.2)
CH N Na 0,5

Phenciphthalein | colorless pink Weak acid | Betwreen PH( 5.3- 10)
Call, 0y

Litmos Paper Eed Blue Weak acid | Between PH (4.5-8.3)

Q1: Define the following terms
Solution. Selute,Quantitative chemical analysis

(Q2: Fill in the blanks to complete the meaning of the following
sentences :

1-Bi*", 5b™, As™, €d™, Cu™ ,Hg" and Sn" Precipitated in 0.1 M
H.5 Solution at PH=0.5

2- The component of a solution that is present in the largest amount
or that determines the physical state of the solution is called solvent.



The method of expression of concentration, Molarities Normality,
Molalitv, The percentage weight, The mole fraction, Examples

g gl iy 8 gl el N ) i g 8 B

The concentraton of a chemical solution refers to the amount of sohite that 1=
dissolved m a sohent .

sl A gt g cPal] Al gl gt (lelaal WS 5

We pomally thimk of a solute as a sohd that 1= added to a sobvent (ez ., addng
tablet salt to water), but the sohite could just eamily exast m amother phase . For
example . if we add small amount of ethanc] to water then the ethanol 15 the solute
and the water 1= the solvent 1f we add a small amownt of water to 3 large amount of
ethanol ,than the water could be the solute.

) el el 1 AL o NSl s e cwda | N pSlod G5 Sl y ddea Bila ] ) BAS Ss
P B s Rt Ll 1 e e A e Al e 2al 55 ) S e g o5l
EIJ__.:.Ej.._l.ﬂ.rl el l_.ﬂl-:-j._l.l'_l.l:l.i__l..sl_ﬂ.l.d |_'|_1| L.__'_..l.l.:\'l j -r.'..l]l_’ ._lli!l _’h J_,.:.'E._I“ ..;‘i il '|:_“ I_l_,].'i:'.':i'l
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units of concentration:

The sohite and sobvent m a soluhonm you are ready to deferoame 1ts
concenfranion. Concentration may be expressed several different ways usmg percent
conposihon byl mass, mole fracton , melarity, molality, or normality):

::Egﬂln;nlh}
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(il g A gl o gl ool gl e (ALY i g gl dosends o ol il
1- Percent compositon by mass or volume or both (%%) ¢
(1) gl g paadl g AL sea 4y il ol i

thes 15 the mass of sohite drnded by the mass of the soluhon (maEss of solie phas
mass of solvent ) omltiphed by 100.

100 x  [i{rotall AES 4 iial] A gl A2 o - 3l A g




e of zol
Weight (mass) Perrent = eight (mass) uf sohute {gm) x 100
Weight {maxs) of solaben (goap

WVobawe of salate b
Walaon Pracent = x 100

Wi of sobutism (ol

Fxample : Determme the percent composibon by mass of a 100 gm salt sclubon
which contams 20 zm salt Na(l .

p 20 Ao 555 Al g onla Qylaa g ot 100 B AN Con g gl daia o ] ks -

paiyal Loy p mla e

“olution :
Weight (mass) of sohate |
Welght imass) Percent = - ¢ : I_B o B 1T
Weaight (enass) of soluton (grap
_ e o0
Libp o

= 20 %0 Mall sobardon

Example : Deteroyme the percent composiion by mass of a 100 zm salt sclubon
OF Ma(l wiech contains 80 gm sobvent .

e e sl y NaClabe Jpbn jot ai 100 2 AN Comy dy ghall dosaly o Gl 2t - (J5a

il o of B
Solution :
| A = gl A€ _ el Ay
Mass of the solate = 100 gm - 30 zm
=10 gm
Welght (mass) Percent = - ¢ Hof s '_" e S T
Waeight (muass) of solnton (grm)
T
100 g

= 20 %0 Mai’]l sobariomn



Example (1) : A gaseous soluhon contamns 2g helium gas (He)and 4g of
oxyeeni ), What are the mole fiachon of helivm and oxygen mn the solution 7

Sol. We first find the pumber of moles of each component present 1n the solubion

n He = 2/'4 = 0.5 mole:

nOy=4/ 2 x16)=0.125 moles T
Total moles =05 +0.125=0._ 625 S
Maole frachon of He ( Xg.) = 0.50.622 =08 K :::-nn,
! - = s = - - n
Mole fraction of Oh (oa) = 0.123/0.625 =02 ; X, - I-E: —
Ky +HMgtHea+ =1 08+02=1

Example (1) : what are the mole frachions of the components of the solution formed
when ( 22 g) glycerol 15 muxed wath (90g) water 7 (molecular weight of water
(H,(N=15, and for glycerol{C 0, =32}

Wi
Sol. n-— = I = 90 = 5 mole water
LW 18 97

niglvcerol) = as 1 mole ghyceral

total mole=54+1 = 6 mole
2

Mawalcr —5+—1 = 0, 8533

M glyeerol - 1 - 0.167
5+1

# for checking : 0833 + 0067 — 1,000

3- Molamiy (M) : Molardy 153 probably the most conmsonly used wmt of
concentrafiton It 13 the pnmmber of moles of solute per hiter of solubion .

Jsbadll pa B il Y ga e g (M) Y 5
Moles = Molantv x Vohme (16 . poles =M x V)

{mole /[ M=—0t 3 1000
LW 1)



Example : what 15 the molarity of a soluhon made when water 15 added to (11g)
CalCl, to make 100ml of solution .

e - H * rrrEm - e ae rr " L} | e r TeEw ™ m "ErM .
sl Rl WA LT dawe an f aad er i F e = Pl
Pl W LTI § o= i (AS L W 35 =110 g el

L1 . RAHER
x (e |
o 1 148 1 CHi

Example :Calculate the molarity of sodimm bvdroxade (Ha20H) whach contain
(10g) of NaOH dissolved m 100ml of distilled water 7.

-
Bl . g = E AMrermbar of atomy Soabomic moess o aforrs

BA WA (I = 288 L & 1= 40 g mole

13 10
bl = b .5
ALy 1 =5 M

4-Mlolality i)z It 1z the number of moles of zolute per lalogram of zolution

el ca ol 2 LS JEL Rl Y e 2 g 3 all

pradm s o f foleire

Malalily = m = kg o] sOITERE

il

gy

Example :What 1z the molality ( m) of a zolution contaimng 0.75 moles of
MNaDH m 500 ml of water? The density{d) of wateriz 1 z'ml .

sy hidl s e e 500 2 NaOH o0 O34 075 o el s 0050 4 L (M

o fai(1 ) elall
Aol Dietermine the ma=s of the solvent n B
mass = dxw=1 a8 .'-:51_11_|-_|;|-|;|:'
mass — Sz
CComvert pooams tor kg (L0000 = 1 ko ) 'f"ﬁ .L"".:'s'r_‘ln.?:"'""'-:il"'
Jm{gxlﬁr—ﬂ.sknﬂiwmu f":'?': i"'if-"'""'a o
el 75 ol ackH bt e ] gl Do
T e T 0.4 B water il Ak b ads S

fE—= 1.5 mol 5 g



= Normahlity (IV) ! 1= equal o the pram equrvalent weirht of a solute per hiter of

solifion .

adpaall e JET R0 g pall ilball e Al el SASHS A oy b A
A pram equovalent weight or equmalent 13 measwre of the reactme capacity of
a grven molecule. Normalitv i1z the only concentration unit that iz reaction
dependent.

(s ol ey il Jo il pmn g g o Byl ule b p S L gl g p HIS
delidll e il S Ram gl K e gl s

wi 1000

N= Eqwt v

Example :Caleulate the Normality of calenm byvdrosnde soluton [Ca (OH):]
which contain (12g) of calcmam hydroxide disselved in 100ml of distilled
water 7.

{.‘5'12] l__lJl:- Ij'_’;:.:-_l I‘__l_".]'._’ [C’a{{]l-]:h] la._’T:.._JIE..'.'. J_._;..ﬂjjl_:.h ._j_’.'u_n.'. -"q_l.'i_-l_j_’_'. - ._:|'|_'|..i.
8 niall clall e (Ju 100 A coliall o g ST 208y prm e

I« B

gl A -

Sol The MWt of Ca(OH) =40 +(16x2)+ (1 x2)=74 g /mole

5, & W af | ks
The Eq.Wi of CalOH); = - =37 gimole | :Q-—-H] —_— |_{'; (O,
0; 152520
=12, 1000 _ 45, I :
T B Tt ag TR 1s’ 267 2p" 3s’ 3p" as’

Example : How many grams of Alwwmmim hyvdrosode [ANOH)] are there m
S0 ml of a solubon which has a concentratton of 0.15 N.7

AtWi- Al=27 0=16, H=l
Jsladll n Ja 500 2 252 sall [ANOH)3] pssiesld) 1y il Sl 230 8 (s
To.15N =38 5 05 (s

+3 -
Al I:{:::-_-H] — [Al (OH),]



=Wt 1000 equwt = 2TH16x3+1x3

Eqwt 500 AL{CH]) 4 3
ols=_Wt_ 100U —%-Eﬁiim-]:
=00
Wt =195 gm

Example : What 15 the concentration (AL) of a solutron of sodnmm hydroxde
(MNaOH)that contaums (0.1 mole } of MaOH dizsolved mm 250 ml of soluhon 7

(MaOH Joa [ Jsa01) 55 srima M ppipall sy b (ylaal (M) = 355 sa Laz s
Tl o Qe 250 | 2

vk ol MU s ele () - W oo B smoamnt of B0 in mole (ng o _WE

= k]
Bl WE
”""izcr:zxm ole /Ty M=——Nt__ 1000
w__h [onada 10 M o
1 B =a 14 M ML "-'l-:_-lﬂ
LT y
LY N =

Example : How many srams of sodno chlonde Nall are there 1n S00ml of
a soluhion whach has a concenfration of 0.500AL 7

D.500M 35 5 (s 5301 st 34 500 mml 3 NaCl p s sl 25 el £ 36 € - Yol
amnound of HWaClinmole (o) =% x M

S0
1a0d

x ﬂu.‘m Hrl:l|l.' = n_ﬂ |||*-

il +all
amount of WaCl in mole {n) - maeia (Nacl) L

meolar mass (MOl =l s

mass | Mol
¥ =
0250 TEs

mekss (Mall) = 148 grams

o

i A Pl R T ]
fonola » 0 S B ot T

O3, BEETH g LIl il

aSE.=
WA R rmE e a3 o= A S grmans s




(Cravimelric analysis, Welghi factor, Bx amiples)
o S Jabasi o ogriphl Jeladl | Al
Grawimetne analvsis methods depends on measwrement of mass.
Abg | WA e 'l',__'._;;_,T..’E_-.._u' P

In gravimetne amalysiz | a substance related to anther substance with a knowm
chermeal struchmre 15 separated and s mass = measwred comecthy.

3 g gl 350 A ) 3 5 AL B ) (AN ) Al B o o 33l Ll B

In gravimetne amabysis, the largest substance 1= separated through different
methods. The most mportant of those are :

© b Hh aai g diba 3 g PIa e Bl g ot o gl el

1- Violatihzation method el A s
2- precipitation method s i A
3- Electrical precipitation method 2o 50 e 5 55 5
4- Crher phy=ical methods 5 AT Rl judl) (3 Ll

Precipitation method: : A zmvmmetie method wlich depend: on precimtation
reactons consist of some steps that need to be made guanhtatmely . These steps are
a5 follows -

R

1-Dhszobhmg a known mass m a satable sobvent .
i ate Ao g (1 5] A s s
2-Precipitate a sample by wsing a swtable precpitation
el o = RS g
3 Separating by fltering - (o=t ) dehesll e g ook
4-Washmg the precipitate . sl gt

3-Dmmng the precipitate . e



6-The precipitate 15 weighed for comrect calculation .
pmsall o8 e o) o sl 35
At the end of each gravimetne anabysis affer deteroenmg the weight of mass
formula by 2 pucrobalance zome caleulafions are necesszary to leam the amount of
substance to be measwred (zought =ubstance) .These calculabons depend basically
and ratio rules .
e Siaaldl a2 ) Al e Rl RS 0 vat day s Sl el IS A0
s q_._..l_._..f,,_,l'_f._.:.;_._m_u_.._u_...u. BIAy (el ) pe o pa) A S o pall B0l S A8 pal A g e
gl el F Belen ey (A paa BB 5] ) B A o lis L)

Gravimetric factor{Gy) : The ratio of molar of the joyehi substagee to molar

mass of maametne formmla

ALl Y (i o Bkt el Bl (S5 g0 20 ) gl B () (520 s
e gl Bl S 3o ) Al gl

& songht substamece (g/maole)

M mass formula (g/ mole)

a and b shows the lowest mmmbers for two compounds to have the zame sought
substance m mumerator and dencrmnator.

ARl g Tl g gl Bl it g e gl e I e g
i.._!ﬁ_l _I'_yl.\_,.‘.IJIL'EuJ]u.'I:-I-l_!!
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Example : Calculate the gravimetnic factor (Gy) of chlonde (sought substance ) m
Ag(C] (mass formmlz) precipitate (M, =143.5 g'mole) (M= 35.5 g/mole).

ot 0osl ApCl el (lgiass 3 o 50s) 2585 087 (Gy) (sl el el 1
s f#355= 0 dg N oidsdn/ A=1435 — il

Solution : m this example .chlonde(Cl) 15 the sought substance Ag(Cl 15 accepted as
gravimetmc formmla precipitate .

A p Al a2 A (s et 2 eddae g (CT) 25 o 00all 128 20l

AgNO_+~ Q - »\g(ll + NO,

C o M o (mirnole)
-y p -

b M o0 (&2 mole)

As both formmlas contain the same number of chlonde atoms. a and b are both
equal=(1)

(1) = sssall L g« gl i 3 e ] g Gl (K Jo (5505 LS

Gy 15 gravimetnic factor of silver chlonde (AgCl) 15 calculated as follows:
:»'J'-J' =l c.'t» ‘—"*-»':‘!')(AECD a il L el b,.'o}};'u Al A c’l
| G 355 g?‘lhnir
1 1435 g Lwole”

The gravimetric formula iz a numeric and it doesn't have a unit ,

Gy - 0,247

gl edgdon Aad a2 el

Gravmmetnic factor 15 uwsed m calculating the mass of sought component, Gravimetnc
factor 1= omitiphed by mass of precipitate (mass formmla).

. = =1 ! Y] SOl - - 4 ) o Il o e > M . \d.- o -
\.._.._.I/-‘_;J,‘;_'q_/}JU,lL:- e A e AaaS J pa peadd) gyt 2 S QA 2235
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mm:ﬂ-hﬂn.:llj_l=GTIm-nlhr-h [ d] "“""{1}

Or the followmgs equaton = used to calculate the percemtage of the sought
substance found m sample.

d_LnJl;__j;.._,: Sl A 3 s Bl 44 gual) L_._;.T.,__J...;.Jigj.m_..ﬂl?u;'.;..'.,ﬁ._.j

= £
1
percentage of seught substance %o = I“‘:qht i o 100 % L (2
GF « m .
percentage of sought suhstance % = mass forada 2+ 100 %4 BE)
0 cample (g

Example: Calculate gravimetnc factor (Gy) of Iron (Fe) m FeyO: compound.

£l Fe,0, 2 (Fe)) 2=l (Gy) #08 le a1 Me

M e = 56 gmnle | MF‘G:E'; = 160 g Smode

U Mpe.o; 1 160

Saletion © {7y =

Frample : Calewlate gravimetric factor (Gy) of (HzOland (T) in HeI0):

compound.
£ p Hes(IOgh: & (I) s Hg0) - (Gr) 208 Js Fem 10
M]—[;..] = 2165 g/mole . B, = 53 g/ male :MHE.':[[U-&}: = 144E.7 gl
Selution : G = ——x MHgO  _ 5 165 _ o,
Heg? b MHE:{Im]u 1 14487
FTFI_H“M] ' =%y 53 o0

b Mo L 14487



formula) compound.

LA (A ) (A Y p ) (G SO e s e

Example : Calculate gravimetnc factor (G,) of (sought substance ) m (mass

R e e e

trrmms Porsssnnalo

N gCC, Azl
P Az, Cror,

b, PhHO,

< v CCrn

N‘Iploll !:5’ ao? ——

gl (Aulal D) b (Alga 8 e 38) 3 (Gy) A5stl il n 1P

swinghot slsmst i e

Mgl

At

M“ﬂ‘; (g/mol)

I G,--e »

1
b M (g/mol) E 2

953 1
> -'—6.-;&1 0.332

M, (/o)

M“,c’n\, Ge/mmol)

1 52 gl

—- - 01587
1 332 Aol

Pb O, PhO,
=S DR NI b S Ol
IO' b " M, Grmoh ~ 37 239 ganol R I

| K, SO, | (C,H,, BK

= My s /ol 1 174 govwvest o, oo
()' " e M‘-‘..‘..-x Casl vl - . AST7.» miﬂl C
N‘LPJOJO M"P’()’

o M ool 2 SSREIEY) _ 408
’ M iy RO 3 222(giminl)




ot A IS i g i el 3 il 50 i e 50 il sty
O Ll 53
m 0uyht substances m= Gl XM e formula () --------(1)

Orthe fallowrg ecuation 12 usad 1o caculate the parcentage ofthe
sought zubstance found In sample.

iadl 3 s 5 S gt ol e TALE Il et 030 Al Jadsl o 5l

. _ Mgought sub. -
percentage of seught substance % = e ——— e x 100%  .ieen (2
Gfx m
percentage of sought substance % = i x 100 % ---(3)
M sample (g)

Example : Treatment 120 mg of orgamic compound with mtne acid, and then
added to the solution of sample product the amount of zilver nitrate to precipitate
the conpound content of chlonne quantitattvely on the silver chloride form.
Calculate the percentage of chlorine C1 (M = 354z / mole) m the conpound
quantitatively if vou know that silver chloride (A2Cl) precipitate mass was 153ms
and (M = 1435z / mole).

S il dsae M 3 S Rl s a5 3 £ 0 0 1 )0mg ks G I
el el Al PR Ala o bl e Sl s e o Al D B e s
L S ACT) Azl 2 A2 ) Cuale 15 L o | 3 (M=35.4g/ mole)Cl 35D 4 sall

M=1435z /mole jsd <) 5 155mez =L



mca(ms)-m..o(ms)xgr
Porventage of segh substance Ye - ._.m‘;. 100 %
wampile
percontags of cought cubctances %% = inler --'-“'—'?—. » 100 %
M Laople @

< G X mpgo () x 100 o 0.247 x 153 mg
L 120mg

an €1 X 100 ~ 31,8 90

ompound.

3/ MC

G, Mmasitsulience Fe ]
A M mass foanula Fe Cly

e - —




Acids, Basic and Salt: empirical formula, preparation, chemical reaction.
S o ¢ pn s ] Akl Iy 2 A g daa ]

Ari1ds and bases According to the concept of the Arrhemus, Bronsted-Lowry, and
Lewas theones -

gl M ¢ g Sl g el (g e s )
1-The Arrhenins Theory of acid: and bazes =388y _mla p ypia e g A g
s Amds are substances which produce bydrogen rons m sohihion.
gl & o g Sl D gl aa)
+ Base:s are substances which produce hydroxde 10ns m solution.
ol b sneh g ki 55 i gl o 51

MNeutrahization happens because hydrogen 1ons and hydroxde 1ons react to produce
water,

el G ST e i Sl g g ] S ] ot S
2- The Bronsted-Lowry Theory of acids and bases
By i g g - Ry
+ Amn acid 1= a proton (hydrogen 1on) donor.
[min gl [ g il i) Dlp 8 i ol g el
» A base 15 a proton (hvdrogen 1on) acceptor.
(i o g i) ) (g e sl g B
3- The Lewiz Theory of acids and baszes Py e pgha e s

basas.

Al gl g el Bie S el Lot et L Lo s Ay ] et

» Anacid 15 an electron pair acceptor. Cp Al e R A padadl
» A base is an electron pair donor. O o () g g B lED

Properties of acids: caaail |l g




1- contain H™ in water solution . et gt B H Y e
2- will react with bases to from salts and water.  eladiy pba [u Sl 251 A0t JEUL ol g
3- wall react with active metals to hberate byvdrozen gas.

Ly pill 3 pac] ddasill ol Al Aot A o g

4- twm itwms(an acid-base indicator) to red (03! ~meadl L) welll o & 4y LS
i f ]
- ]

Sammpart a sour taste to foods. plelel | o) Lasks =ia

The feature commmon to all water solafwons of acds ,which causes the smmlar
properties | 15 the presence of the hvdrogen ijon . Acid strensth ( oSeadi @) is
meazured throush zive or grant (7= 3 £) the proton and acid which sives
proton easily (M=) is a strons acid{sg® ), and vice versa( -Sal talig)
When hydrogen 10ns are present mn a water sohimion, one hydrogen 1on wall tend to
associate with one or more water molecules | when ops bvdrozen 1om 1= associated
with one water molecule the resulting species has the formmla H,0" and = called
the hydromium ion H,0O".

HOl+ HAY = H:0" + 01

Some common acids el uﬂ-ﬂ:l"' o

HCl- Hydrochloric ard | FNO.— Mitrie acid . H,50, — Sulfiric acid . H,PO, —
Phosphoric arid . HBr — Hyvdrobromic acid . HI — Hydroiodic acid

Properties of bases : = gl sl

l- contain OH m water solufion . et | et R OH 7 5 g

2-will react with acuds to from zalts and water. slall  pla o il ol gadl as UL i g
3- tun btrms (an acad-base mdicator) to bloe.

Gad Al (sl smeadl Q) wedl) A &2 g LS
4- wpart a bitter taste to foods.  pabl] pleh =

5- Have a characteristic "slippery feeling”.  (Lsle) (31 jil) o



Some ¢ommon bazes

Ma(OH), Magnesium hydroxide | NaOH — Sodivm hvdromde | KOH —hvdroside
Ca{0H); — Caleium hydromide.

Salts

A salt 15 an 1omic compound that results from the neutralization reaction of an acid
and a2 base. Salts are composed of related mumbers of cations (positively charged
wns) and amons (negative 1ons) so that the product 15 electneally newtral (without

a net charge).

;u_ﬁdﬂ.,;gund_izlﬂ'.d_jﬂ,_ un'jjul:a_uhl_u_-alj.n'_i:,;.;ﬁ;.._.l_gg g e lall
(iin et Ll o (oo g il f Sumf Sld) i ) (g g (i) S gall 2 1)

Properties of zalts : A el i

1- All salts are sohd substances. Aol 3 pa s O] puas

2.-They ave often strong electrolytes. 58 [ sl oSl 2o o ga) Sl g 2N agai WhE
3- Salts tend to be brittle. i s85 y J) (o6 e

Some common zalts ;A P G

MNalCl- sodmm chlonde | EBr— potassmm bromude (CaS0,— Calenum sulfate

Beaction: of acd:, baze:z , and zalts .

1- Neutralization reaction: Jeall e

Neutralization 15 a type of chemical reaction 1n which acid and base react with
each other to form water and =alt.

ey pleadl S i) L e R Ry i ol el MDD o g kel

At + Basr e— Salt+ Water




Example :

(17- H + MalH @& — i E T + H.
Hydraabloma s Secdivo bydraxids Sodivemn cldodude by
(T3- ZHCL + CaiOH), Calll,  + EPHLO

1o RELPOY, 4 3 MgiOH), — e Dg By, + 6 HO

,_,
]

()
il

- Hp 8O, 4+ 2WmE e Blag 80, o+ FHLO

} _ Dizplacement reacton : (Al 1) o) e

A displacement reaction 15 2 tvpe of reachon where one element substance
displaces by another from 2 compoumnd |, for example -
e il 2 A i S ) g Rkl saly el S SR [ B g da 0 S
el e
Zine reacts with hydrogen chloride to yield hydrogen and zine chlonde:

Zn + IHC] ——e ZnCl:+ H:
Alapnesium phes sulfuric acd yvelds mapnesmom sulfate plus lndrozen gas -
Mg+ HS508 —= Mz50s + H:

3- Exchanse reaction : et R

Exchanze reaction 15 a tvpe of reaction m whoch two atoms or 1ons exchange
places ether in two different molecules or in the same moleculs.

Al il (pa ol (2 M T i gt g i 3 i Jein A B gh S el
gl e )

Exchange reactons have the general form

AB+ CD — AD + CH

sodium carbonate reacts with calooum chlonde to vield calenon carbonate and
sodium chlonde -
MNa Oy + Cally ——= CaCly + 2NaCl



Q1) Fit (a)the appropriate words(&didl cisdilifryn cohunn (A) in to sentence
in column (B)

[ A) (B)
1- The :um of the mole fraction 13

3- o
1- d- 0.1AH,S
5 Bi'", 8b™, A", Precipitated in e-equal to 1

Q2: Fill in the blank: to complete the meaning of the following sentences :

1-Bi 567 As™. CdY ', Hg‘u+ and So'” Precmpitated m 0.1 AL H,S
Solution at PH=).5

2- The sum of the mole fraction of all the compounds present m the soluhon
equalte 1.

3-The color of methy] orange 1omns 1z Red m acidic Medium whale the color 1ts
molecule iz Yellow in Basic medivm .

4-The acudic indhcator 1omze m a bazic medmm so the color of 1ts 1ons wall appear .

5-The basic mdicator dose not 1omze m a basic medium so the color of its molecule
will appear .

6- The component of a schmon that 15 present m the largest amownt or that
determunes the physical state of the soluhon 15 called solvent.

7- Indheators 15 a substance used 1n a thahon that signals the end of the htration

by chanzing color .
8- Molarity (AL} 15 the number of moles of solute per iter of soluhon

8- The pumber of cxcygen atoms that present m caleum hyvdrosode are 2 atoms.

10- Standard Solution 1= 3 soluhon that has a known concentration of solate_




Jdba.d\

1977 alary / (A s¥) dnslall ¢ paelisa s s e 2gh ) siSall Caulls — 5615 J3¥) 6 all / 4 gainall elaasSl)
- Organic Chemistry , by Morrson & Boy 1, 3" edition, 1975, USA
- Chemistry of organic compounds , by Noller. Philadelphia, USA . 1951
- Organic Chemistry, Vol. 1 and 2, by Finar — Longman Group . Ltd. 1973.



