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Lecture 1
Introduction

Chemistry

Is a science concerned with the study of matter. including its
composition, structure, physxcal properties, reactivity, changes occur to it

and emitted or absorbed energies accompany these changes. e EN

There are many approaches to studying chemistry, but, -~ ac?bprdlng
to the type of materials and the purpose of their studies, wq}radnuondlly
divide it into five fields: organic, inorganic, physmd.l bléqhﬁrucal and
analytical. Other branches are theoretical chemistry, quanmm chemistry,
nuclear chemistry etc. 4 €/N

Analytical Chemistry

Is a measurement science dcals"‘{m_ﬂif: study on the identification
of materials composition and the determination of the amount of each
component presented by an expxesslon of concentration directly or
indirectly (after separation). An;ﬂ\(uéal chemistry helped in understanding
the mnatural phenomena thmﬁgh providing the knowledge about
quantitative relations of ‘the, pf\enomcna It develops chemistry science
and other sciences smc‘er ‘most of the laws based on the quantitative
analysis. - ( ‘*'J‘

Analytical chw conslsts of:

1- Qualnahvc analysxs which deals with the identification of clements,
ions, e «compounds present in a sample (tells us what chemicals are
prd'Senl §1 a sample).

2- Q\;antnatlvc analysis which 1s dcalmg with the determination of how

much of one or more constituents is present (tells how much amounts of
chemicals are present in a sample).

Quantitative analysis can be divided into three branches:

A- Volumetric analysis (T'itnmetric analysis): The analyte reacts with a
measured volume of reagent of known concentration, in a process called
titration. (1st grade).




B- Gravimetric analysis: usually involves the selective separation of the
analyte by precipitation, followed by the very non-selective measurement
of mass (of the precipitate). (2nd grade).

C- Instrumental analysis: They are based on the measurement of a
physical property of the sample, for example, an electrical property or the
absorption of clectromagnetic radiation. Examples are spectrophotometry
(ultraviolet, wisible, or infrared). fluorimetry, atomic spectroscopy
(absorption, emission), mass spectrometry, nuclear magnetic resonance
spectrometry (NMR), X-ray spectroscopy (absorption, ﬂuoresc,enc,e) (4th
grade).

Solutions

Solution: Homogeneous mixture of two or more sub'/s\axig,c b‘ﬁ)ducc from
dissolved (disappeared) solute particle (lons, atoms, n‘iolcc,ulcs) (lesser
amount) between solvent particle (larger amountz)

| vad ?olunon

Solute (lesser amount) + Solvent (larger amount)
NaCl) . H20q, > Salt Solution. \

Types of Solution:

Concentrated solution: has 1

Classification ofisolutions according to amount of solute:

(1) Unsaturated solutions: if the amount of solute dissolved is less than
the solub!hty limit, or if the amount of solute is less than capacity of
aol\vem i

2) Sdturated solutions: 1s one 1in which no more solute can dissolve 1n a
given amount of solvent at a given temperature, or if the amount of solute
cqual to capacity of solvent.

(3) Super saturated solutions: solution that contains a dissolved amount
of solute that exceeds the normal solubility limit (saturated solution).




Classification of solution based on solute particle size:

Jaladl 4 aldall Siligie aaad lag Jilsadl cagias

(D) 7True solution: A homogeneous mixture of two or more substances in
which substance (solute) has a particle size less than Inm dissolved in
solvent. Parucles of true solution cannot be filtered through filter paper
and are not visible to naked eye (NaCl in water).

(2)Suspension solution: heterogencous mixtures which settles on
standing and its components can be separated by filtrating (Amoxicillin
or Ampicillin), particle of solute visible to naked eye. & a"\

(3)Colloidal solution: homogencous mixture which does not”}!ﬂc nor
are their components filterable, solute particle visible \nggta,electron
microscope (milk).

(D) Srandard solurion: It is a reagent of known concg\égilfén that 1s used
to carry out a ttrimetric analysis. 5 "» ‘O
¢
»
The properties of standard solution are:
1. Sufficiently stable under the lab conﬁﬁm i

2. React rapidly with the analyte so that'the time required to complete the
analysis 1s minimized. ¢

'@,
3. Recact completely witi&liq.f\analytc so that satisfactory end point is
realized.

4. Undcrgo a sclcctlves{ié?a'i‘.‘hon with the analyte.
. The reacuog\v;ml&l,he analyte can be described by a balanced equation.

v




Lecture 2

Steps of chemical analysis

There are general steps for any analysis process a modification in
this step depends on nature, size and complexity of the sample, the
accuracy required and availability of reagent chemicals equipment and
apparatus.

Step one: Choosing a method Akl lasld

The essential first step 1n any quantitative analysis is the selection
of a method that should be suitable to the nature of the sample, number of
samples and accuracy required. The selected method 1s usually represents
a compromise between the accuracy required and the time and money
available for the analysis. In addition, some samples like archacological
or forensic samples need a nondestructive method to keep the samples
without destruction.

Step 2: Sampling Ziadl ) cluadl sal

sampling 1s very important criteria, the sample should represent the
material homogenized. If the material is big many samples could be
seclected, crashed and mixed for homogenization.

l;\!} Solall Jhayy uiladie C;\,‘:\“ QsSy h,‘ ans A ¢ dAaag Aaga bedas CJ,A.\“ J\,\h‘
salall Jiay o Sgas 22V Aghla s Leia s 2 0lai 5ac olae) Sas 5508 Salal) AuasS culS
Step three: Preparing of the laboratory sample
The laboratory sample should be treated carefully and there are
some required point should be taken to prepare the sample.
1. Producing a homogenized sample by crashing, grinding and mixing.
2. Choosing proper solvent.
3. Decreasing the size of the material sample granules.

4. Tuming the sample into a phase and formula can be attacked by
reagent

5. Care should be taken to avoid any interference or any other factors can

be affecting the estimation such as contamination.
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Step four: Procurement of the measured wanted quantity of the sample
39l e a8 el

If the sample 1s solid, a certain weight of the dned homogemzed

sample should be taken using calibrated balance but if the sample 1s
liquid a certain volume should be taken.

bl 38 518 13 Wb Lo (Lall e 3 gad 1SS Alsall (pe Cila Cuma gy 281 43
sl aglae 1oy Ayall e cuas axs 381 cangd Sl

Step five: Dissolution of the measured sample elall 3 gailh 45130

Most analyses are performed on solutions of the sample made with
a suitable solvent. Ideally, the solvent should dissolve the entire sample.
including the analyte, rapidly and completely and should not interfere in
the analysis. Water is a magic solvent for almost all the inorganic
materials and some of the organic materials. Organic materials require
organic solvents like alcohols. carbontetrachloride and chloroform.
Fusion 1s used for melting samples which do not dissolve in common
solvents.
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Step Six: Separation of the interferences.

To measure the sample freely from the interferences by other
components, certain steps should be taken such as separation or using
masking agent to get rid of from the interferences compound.

Jeadll e\.\'&’u—‘ Pt} u,_c)i.‘f\ Sl Ssay Gamwy Jals ,‘;‘ 9 E:)yﬁ“ o-kal
el s Jananll G gaa Canand AL Mgl SIS, et

Step Seven: Completion of the analysis

This step concermn with the measurement of the substance or
component under consideration precisely using a suitable method such as
precipitation or colour formation titration etc.

e Al Jie Aplie Alisy Aladniols Auboll a8 opSall ol salalleliay sskaall o3 g3
sl M) (ol e sSS

Step eight: Calculation and data analysis ol Jalasy cblaall

From the numeric obtained result, the final result can be calculated
using the weight of the analysed sample. The final result could be
evaluated by statistical analysis,

Concentration 585
Expression pren
Gram equivalent =l g A

Density astsn
Specific gravity s b
Dillution il
Solution Ualaa
Solute 'l
Solvent e
Salt C‘l‘
Molarity E
Formality Ll é
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Method of expression of concentration
1. Weight of solute in a certain volume of solvent or solution
eplaall 5l e e s A ) Gy
Normality (N)
Number of gram equivalent of the solute in one letter of the solution
el u 3ty b b Apaill Sl 200
N= number of gram equivalent of the solute /one hiter of solution._....(1)

Number of gm equivalents = grams of solutes / gm equivalent weight of
solute... (2)

By substitution of equation 2 in 1

N= grams of solute per one liter of solution / gmequivalent weight
of solute. )

S (350 e gy ot sy 53 D Gt 3 = g ol
The units are eq/L
For solid material
N=Wt~1000/ Eq.wt = V(ml)
For ﬁquid material
N=D or Sp.gr <% =10 / Eq.wt
Density (D) = Jiudi a3
Specific gravity (Sp.gr) = ¥ o4

Equivalent (Eq.wt) = (#Sal ;3,0
Weight (wi ) = jaluladl 55

Dilution Equation

Conc Dil
NyxV; = N;xV;




Molarity (M)

The number of molecular weight of the solute (gm) or numbers of
moles of solute 1in one liter of solution and this solution can be called
molaric solution.

Jolaall Sya daly 1l b llal) Ve 236 = A N Al
Molarity (M) = no.of moles of solute/gram molecular weight of solution

no.of moles of solute = no.of grams of solute / gram molecular weight of

solute. laall Ggadl o5 [ ool = Al e
M = grams of solute per liter of solution / grams molecular wight of
solute

o el sl e Lageda dgladl e 22ty 3l b olaall Sl 2 = 3yl
claall
For solid matenal
M=Wt x 1000/ M.wt * V(ml)
Liquid matenal

M =d orsp.gr x % x10/ M.wt

Dilution equation
Conc. Dil
M| XV,=MxV,;

Molecular weight = X Atomic weight % no. of Atoms
I-Acids:

SN M.owt
eqwt (acnd) no.of ionized hydrogen atoms(H+)




Ex: Calculate the equivalent weight for hvdrochloric and sulphuric

acid.

o M.wt

€q.wt (acid) = no.of jonized hydrogen atoms(H+)

eq.wt i (1035.5)!g/mole

=36.5g/eq
For H,S0,:
eq.wt _[(2"l)*(leZ):(4x16)Lg/mola
=49 g/eq

2- Bases:
eq.wt (base) = =3

no.of ionized hydroxide groups (OH")

Ex: Calculate the equivalent weight for sodium hydroxide and
aluminum hydroxhl_t (Atomic weight: II = 1,0=16, Na=23, Al=27).

For NaOH:
e M.wt
cayt (base) no.of ionized hydroxide groups (OH')
_ (23+1+16)g/mole _
B AR 40g /eq
For AI(OH);:

il [27+(3xl)+(:;x16)]_3_;/mola =26 g/eq




3- Salts:
M.wt
no.of cationsxoxidation number o f cations

eq.wt (Salt) =

Ex: Calculate the equivalent weight for calcium chloride and ferric
sulphate (Atomic weight: Ca= 40,CI=35.5, S=32, Fe=56, H=1, 0=16).

For CaCl;

Mwt
no.of cationsxoxidation number of cations

eq.wt =

_ (40+(2x355)g/mole
2x1

=555g/eq
For Fey,(SO,),

_ [(2x56)+(3x32)+(12x16)] g/male
3x2

= 66.667 aleq

4- Oxidizing und Reducing agents:
Mwt

eq.wt (Oxidizing agent) = Tob{ghied clectrons
; Mt
eq.wt (Reducing agent) = Bo.of lost electrons

Ex: Calculate l‘cequlvnlenl weight for potassium permanganate
(Atomic weight: K= 39, Mn= 55, 0=16).

- MWt
eq.wi (KMnO,) = no.of gained electrons

MnO, + 8H' +5¢ g=—=> Mn'' +4H,0

_ [39+554(4x16)] g/ mole
5

=31.6g/eq




s ritaasd) ) A panall

e co’* g s Carbonates
gl HCO,"' g S Hydrogen Carbonates
gl NO,' S Nitrites
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oK PO, ety Phosphates
S B ST Borates
g4l NH.' asigal Amonium
i OH' DS g k0 Hydroxyl
gl N - Cyanide
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A s A S Sulphide
gkl cr' P Chloride
gdal Br' S g Bromide
sl I’ g lodide
Py Ag'’ Ak Silver
e Ph*" aba i Lead
sdal Hg ' Sshs Mercurous
IS Cu™* dlalail Copper
il Ca™”  gaallsl) Cadmium
=y Bi™ e ga Bismuth
RS Hg * ERwE) Mercuric
i Fe'™™ Jgasand) Iron (1)
et Fe™ [ERF Iron (1I1)
o cr” p3s Chromium
e AlY P gadall Aluminum
gl Mn™ Jadida Manganese
i Zn'* o Zinc
A Co™ g Cobalt
e Ni* e Nickel
A Ca' 2 gaallS Calcium
g Ba'* asile Barium
gt K" It Potassium
e Mg e Magnesium
Gl Na'! 25333 Sodium
gl H' Cra g Hydrogen
= o~ s gl Oxygen




Lecture 3
Ex.1: How many milligrams are in 0.250 mmole Ferric oxide.

Solution:

wt (mg)=mmolexM wt (mg /mmol) =0 250 mmole =159 7mg/mmol =39 9 mg

Ex.2: Solution was prepared by dissolving 1.26 g of siiver nitrate In a 250 @w
flask and diluted to the mark. Calculate the molarity of the silver nllnt&n n. How

many millimoles of silver nitrate were dissolved, L(L\
Solution: (b\y

M =M.(.rm) x 1000

Mwt x V(ml)
2
M = 1264 x 1000 ?V
1699 g/mol x 250 ml
&
M=0.0297 mol'L b’
4 ‘N

Millimoles—M (mmol/ml.)ﬂl(n{)x 0297 (mmol/mL)*250 mL~ 7 42 mmole
Ex.3: How many grams of Sodium sulphate should be weight out to prepare 500 mi of a
0.10 M solution,

wt(g) x 1000
= Mwt x wul).

0.1 m"“’“
W.“ 500 ml

Wt = 7.1 g (should be weight out to prepare 500 mi of a 0.10 M solution)

Ex. 4: Prepare 250 ml of 0.2M hydrochloric acid if you know the percentage of acid is 32
and the Specific graffit is 1.14,

Spgrx % x 10
M=

= 114x 32 x 10

M 365




M = 9.996 mol/L (a0 adall & i ga)
Cone. Dil.
MxV, = MpxV,
9.996 x V, = 0.2 x 250
V1=5.00 ml take out this volume and complete it to 250 ml by D.W
(i ) il plaks 04 250 N JaSigpaadl 1 By (}
Ex.5' Prepare 500 ml of 0.23M of BaCl; .2H,0 (Barium cmorfj\\
b

Ba= 137.32,C1 =3545,0= 16, H= | { &
\b
M wt of BaCl; 2H;0 is = 244.3 g/mol ‘b’
M = Wtgram x1000 /\/
Mwtx Vml

1=

2
Wex 1000 ? 14
023 T 2443% 500

Wit = 28.0945gm were dissolved Pé’}and diluted to 500 ml.
Ex.6: How many grams nr}:‘\pj ned in 500 ml of 0.2 M sodium carbonate

M.wt of Na,CO, =1 gﬁm

-~
~0;2 ‘_ Wt x 1000
Q 106 x 500
Wt = 10.6 gm are present in this solution,

Ex.7: Calculate the concentration of potassium 1on in gram per liter after mixing
100 ml of 0.25 M KCl and 200 ml of 0.1M K,SO, .

Solution:

no. of mmol (K+ ) = mmol (KCI) + 2 mmol (K,SO,)

=(M = V) KCI + (M = V) K;S0,




=(0.25 < 100) KC1 + 2(0.1 * 200) K;SO,

=25 +40 = 65 mmol of K" in 300 ml

wt. = mmole * M.wt. =65 = 39.1

=2541 5 mg =2.5415 gm in 300 m! mg = 10" gm
Conc . = 2.5415 gm x 1000 ml /300 ml = §. 4716 g/ L

Homework: . (}
1- Prepare 500 of 0.5 N sulphuric acid. If you know the percentage of a }}96% and
the Specific grafTiti is 1.9, (

2. Calculate the molarity (M) of solution result from Mm%o!gﬁlnu phosphate
in 2.0 L of solution . LN

3- Calculate the normality of the solutions connlnh]{h fi ving: (a) 5.3 g/L. sodium
carbonate (when the CO,™ reacts with two protons). (b) &Tlgll, potassium dichromate
(the Cr Is reduced to Cr'") . ~N

4- What volume of the 0.25 M of potassium ),hmmu solution must be diluted to
prepare 500 ml of 0.1M solution? @

5. prepare 500 ml of 0.01M !Ollthlf m“‘ﬁom solid sodium carbonate.

Relation between Normality & Molarity

M = wt/ (mol wt * volume) Normality = wt
N=wt/ (eq wt * volume) (eq wt * volume)
Eqwt =mol transf

qwt = mol wt/ e transfer Normality = Wit

Mol wt = Eq wt * e transfer (mol wt/e transfer) * volume

Normality = e transfer * wt
mol wt * voiume

Normality = e transfer * Molarity
N=exM

Normality of 2ZM K80, isN=exM =2x2=4N

or Normality = Molartty x Basiaty

or Normality = Molarity x Acidity




EX. Calculate the equivalent weight and normality for a solution of 6.0 M phosphoric
acid (H;PO) giving the following reactions.

H1PO, (aq) + 30H- (aq) === PO, (aq) + IH,0 (1)
HPO, (aq) + 2NH; (aq) <=== HPO, (ag) + 2NH,"(aq)
H,PO, (aq) + F (sq) === H,PO, (aq) + HF(aq)

FW 97994

(a) BW=—="2"""-32665 N=nxM=3x60=18N \,
" 3 i

(b) W--?—-E?--m NenxMe2%60=12N

© m-%-#-wm‘ N=nxM=1x60=60N

ol
&
Q;b'
4




Lectwre 4
FORMALITY——INSTEAD OF MOLARITY

Formality: number of formula weight i hiter of solution, is a substance’s total
concentration in solution without regard to its specific chemical form. There is
no difference between a substance’s molarity and formality 1if it dissolves
without dissociating into 1ons. The molar concentration of a solution of glucose,
for example, is the same as its formality, For substances that ionize in solution,
such as NaCl, molanty and formality are different. For example, dissolving 0.1
mol of NaCl i 1L of water gives a solution containing 0.1 moliof Na™ and 0.1
mol of CI". The molanty of NaCl, therefore, is zero since there 1s essentially no
undissociated NaCl in solution. The solution mstead, 1s 0.0 M in Na' and 0.1 M
in CI'. The formality of NaCl, however, 1s 0.1F be¢ause 1t represents the total
amount of NaCl in solution
G B g A Jslaadl S5 ady Ba S el Jslaad) G s (Formality) it sdl)
Al o i A Sl dE fa Al Aiss
bl £l Ga oAl S lads o pead ANl Dl sty A YA (65 L LR
Sl J8E e J glaad B da g 315 Y

wit X 1004
Fwt x Vml

F= No. Fw/ Liter of solution
F= gram'of solute / one liter of solution = F.wt
Units FW/L

Definit

Molarity

Vs

Formality




Abstract

Formality is a measure of the concentration of a solute in a
solution, expressed in terms of the formal concentration of the
solute. It is denoted by the symbol "F". In the context of
chemistry, formality is defined as the number of formula
weights of a substance per liter of solution. Th.‘Qﬁula
weight is the sum of the of the atomic weights ofi atom in

the empirical formula of the substance. 2
The formula for formality is given by:/\/

F=n/V , Where: nis the num moles of the solute
V is the volume of the soluti@ liters.

It is important to note ity is used instead of molarity

when dealing witb‘&mc compounds that can dissociate in
solution, as’%iVes a more accurate measure of the
concentrqtn.o the solute.

Ex. 284g of sodium sulphate (Na.SO,) has been dissolved in water (4L).
Calculate the formality if you know the atomic weight of Na= 23, S=32, O~16.

wt x 1000

V=t % Vimi)

_ 284X 1000 _
F= 142 X 4000 0.5 FW/L




Example: Exactly 4.57 grams of BaCl; 2H;0 were dissolved in Water and
diluted to 250 ml. Calculate the formal Concentration of barium chlonde and CT
in this solution?

formal weight for BaCl; 2H; O = 244

wt x 1000

P Fwtx Vml

_ 457 _x__ 1000
244 x 250

=0.0749 FW/L or (F) (b&\

F

BaCl, == 2Ba™* +2CI"

0.0749 F 0.0749 F2=0.149 F CT’ (\/

Molality (m): hdehdul&el-bermo{uh&mm.(

solvent. wu.(fudbowsn LD Y g v ga A5l
Ex. What is molal I dfbsodmm hydroxide solution obtained by
dissolving 4 grams of sodi ide in 500 grams of water ?,

no of moles = wt/M.wi (b

=0.1 mole

Molality.= nio, mdles of solute/ 1000 grams of solvent
1 xﬂ
500

= 0.2 mole/Kg




Percent Concentration (%)
Chemist can express concentration in terms of percentage (part in hundred)

percent composition of a solution can be expressed in several ways. Three
common methods are:

Weight percentage (wrw)--_:—";‘:;-'-& © 100

kY \‘b
Volume percent (V/V) = ol of sobute 100 (b&

volume of solution

Weight to volume percent (W/V) = I"":;’m 00

>
Ex.: How many gram of sugar was found i\?lsoludonhlve
(Wiv%) = §

QO
(W/V)=5% — wt. =5 /100 = 5/100 = 1000
wt.=50¢g é

Ex: How many aCl was founded in 500 ml of solution has
wiv % = 0.859

% (wiv) = u&;\l: 1
085

wi=4

Ex : Calculate the(W/W9%) for the solution prepared by dissolving 5 g of silver
nitrate in 100 ml of water.

Assumed density of water equal 1 g/ml.

wt. solvent =d = v=1x100=100 g

wt. solution =100+ 5=105g

% wiw = 5/105 = 100 = 4.76 % for AgNO;

4




Ex: Calculate the (V/V%) for solution prepared by mixing 125 ml of methyl
alcohol with 500 mi of water.

V(.lo!uu)
0 = x 100
vm Visotute) + Visatvent)

= 12 X 100 = 20% >
(125 +500) = \‘b"

Part per (thousand, million, billion) @

For very dilute solutions, parts per million (ppm ient way 1o express
concentration.
£l
wdﬂ m ! 0’

nlun(ul)

welght (gram) _ 6 (b'
e volume (ml ) 10 (b
ppb— nlum(-l.) *10°
Ex : How f NaCl was needed to prepare 250 ml of solution

contain 100 ppm Na if you know At. wt. of Cl =355, Na=23

I’P@Slwmt 100 mg/L = 0.1 g/l

Na'in250ml = 2222 - 0025 ¢

Na+ g x Mwt of NaCl
At .wit of Na+

wt. NaCl (g) = =555 = 0.0636 g NaCl

NaCl (g) =




Lecture 5

Chemical equilibrium sl )
Chemical reactions divided into:
1- Irreversible reaction: Aanall uf aSewnl

A chemical reaction in which entire amount of the reactants is
converted into products, it can be started from the reactant side only (i.e.
only, the forward reaction takes place) and represented by a normal arrow
(——>) so that the reactants are completely consumed in the reaction, such
as:

HCl+ NaOH — NaCl+H,;0

Sl gisi N Lelisady Aleliiadl o gl 381 5 A1 SBR) s Sanay 3 Sl
Jaall b LS Ao latall o gall e Ty Jeliihl Alslee 3 220 5 agae Leliial Sayy 2ol g slad) 3
a3el

2- Reversible reaction

Is a reaction where the reactants form products, which react together to
give the reactants back, it can be started from cither side ( i.e. the forward
and backward reactions are in equilibrium) and represented by an
equilibrium arrow (€——>) so that the reaction 1s never complete, such as:

CH;COOH+NaOH €———> CH:COONa+H,O

Jeliill il g3 o) Caa Aleliiall 31 pall 30 53 A0 NI L Sasa¥ LA e lal e
Leliiad oSy aaladh 3 (5 5as DALl o3 (6 yai 3 e MLl & 5SH Lgatans pa Jelils
o) JE b LS Jelal aliaa b ¢ 353 agas

Law of chemical equilibrium Aaasi G 350 0538

Most of the reactions that are useful for chemical analysis proceed
rapidly to a state of chemical equilibrium in which reactants and products
exist in constant ratios. The knowledge of this ratio permits the chemists
to decide whether the reaction 1s suitable for chemical analysis or not.

Equilibrium constant expressions are algebraic equations that relate
to the concentrations of reactants or products in a chemical reaction to one
another in means of numerical quantity called equilibrium constant.
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Gua PSlafl O3 Al e e W e e Slash Jaladll suiall COlelE) alaea Jaii
13 Lagd a1 5a0aiSl e candll edgy A8 jaall QG Loy AaTll ; Alelaiall ol gall 2 i3
Olaii A e SValaay AaarSll ol 3V Ge s Y ol LAUasSl Bladll Cadlia Jelad oIS

OVl e dee S Ji 51l Jelis 6 251530l i cadie i) 580 55

The velocity of a chemical reaction is directly proportional to the product
of the active masses of reacting substance.

Aetizl sl Aol 1€ 270 a s jle el Jolisd Ao ju caddiT
Let us consider first the simple reversible reaction at constant temperature
aA + bB g/ cC  +dD
The velocity with which A & B react is proportional to their concentration.
Laa 58 S ae A & B L2 Jeliy Al de el udin

Rate of forward reaction (f) o el Jelall de
Ratea {A}' {B}®
Rate of I = K¢[A]" ~ [B]°
Where Ky 1s a constant known as the velocity coefficient
a and b are number of moles for A and B respectively.
Similarly, the velocity with which the reverse reaction occurs is given by
Rate of b= K, [C] = [D]

At equilibrium, the velocities of the reverse and forward reactions will be
equal and therefore: il Jelol e ;s Ld) Jelidlide pu 6 )30 2o

Rate of f = Rate of b

= -K—L 3
or = Keq
(€] [p]

Keda= @ 1s

Keq = is the equilibrium constant of the reaction at the given temperature




Lecture 5

Some species dissociate stepwise, and an equilibrium constant can be
written for each dissociation step, for example

QB i e ol gl JS0 5050 ol A6 (K o> K1Y s

_[Ali48)

A:Be= AB + A K, [A2B)

= . =141(B]

AB A + B K, TAB]

The overall dissociation process of the compound is sum of these two
equation as follows

Koo = [AF[B] / [A;B]
By multiplying K, with K; together
Ko =Ky ¥Kj
K., = [All48) , [41(3]

[A28] [AB]

Keq = A (8]

[428]
The results may be expressed in words

When equilibrium is reached in reversible reaction at constant
temperature the product of molar concentration of resultants divided by
the product of molar concentration of the reactants. each concentration
being raised to a power equal to the number of moles of that substance
taking part in the reaction is constant.

EUSITRE S B PR [V 37 S TR L2 PG S g S S B T I T L PO SO
S i 0 B A B Y g i) Ryt Y A o 360 IS Ueliid a8 5 et 3850 o

SELs
Equilibrium constant Keq: The equilibrium constant expression is the
ratio of concentrations of a reaction at equilibrium. At constant
temperature in an equilibrium reaction, the mole numbers of the products
are wrtten as exponents and multiplied. The mole numbers of the
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reactants are also wrtten as exponents and multiplied. The equilibrium

constant is found by the ratio of those.

el e e yoihe (31 531 Wl i 200 2 gl 49 50 g 80 5 ot pn Jeshn Sy 1K) 1) S

Jelid Astan 1Y ga 230 N B g je i K 0 Y1 D i Lol 3l 45N oh 380 31 s e
3 el ds 5 Dyl dle A4 4y Ay

Types of Chemical Equilibrium
There are two types of chemical equilibnum:

+ Homogeneous Equilibrium
+ Heterogeneous Equilibrium

Homogeneous Chemical Equilibrium

In this type, the reactants and the products of chemical equilibrium are
all in the same phase. Homogeneous equilibrium can be further divided
into two types: Reactions in which the number of molecules of the
products is equal to the number of molecules of the reactants. For

example,
o Hi(@+L(2) = 2HI @)
o Ni(g)+ O (g) = 2NO (g)

Reactions in which the number of molecules of the products is not equal to
the total number of reactant molecules. For example,

o 250.(g) + 0:(g) = 250, (g)
o COCL(R=CO(g+CL(®
Heterogeneous Chemical Equilibrium
In this type, the reactants and the products of chemical equilibrium are

present in different phases. A few examples of heterogeneous equihbrum

are listed below.

o COY+Cs)=*2C0(g)
o CaCo,(s)= CaO(s) + COL ()

Thus, the different types of chemical equilibrium are based on the phase of
the reactants and products.
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Factors Affecting the Reaction Equilibrium Jeasd 250 o g 3 Jaimh
1. Change in Temperature:

The effect of temperature on chemical equitibnum depends upon the sign of AH of the
reaction and follows Le-Chatelier's Principle.

e As temperature mcreases the equliboumn constan! of an exothermic reaction
decreases.

« In an endothermic reaction the equilibrinm constant increases with an increase
in temperanire
Along wath the equilibrium constant, the rate of reaction is also affected by the change
m temperature. As per Le Chatelier’s prnomple, the equilibnum shufts towards the
reactanl side when the temperature increases m case of exothermic reactions,
for eudothernue seactions the equilibnum shifts towards the product side with an
increase in temperature.

Exothermic Reactions AH = (—) negative 5 ) jall e Ll S3le il

Endothermic Reactions AH = (+) positive 3} jall Lialal SSiclal

2. Pressure

Pressure has the high effect on (K) value 1n gas phase reaction increasing
the pressure will decrease the volume and directed the reaction to the
direction which cause reduction in the system (reduction in the total
number of molecules.

N; + 3 H; F—— 2N}I 3
gas gas gas

Celill 4 iy el B 8 Jaad By ol Sy g ANl el A (K) A e 0l il
(Sl Ayl sl b ostaa) ph o alaal b ol gyl

3. Concentration

K value depend on concentrations of the reactants and product using
lechatle principle one can predict the direction of the reaction
ol slady eild Sy Sy Al o ] g a3y Al b 3 gl 3053 e ) Y S A SalaS

k] ) ZOn pe—— L | A
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If one of the participant concentrations is changed then the system
will search for equilibrium. Adding Fe™ to the solution will direct the
reaction to the left.

Je il an gy §yuaadl o Ailal Bl Je il 8y o0 o0y Sl 38 5 e Y1 il Al 2l
Gl . J 50l ey sl gl

4 Catalyst

Catalyst can increase the velocity of the reactions and decrease the time
required for reaching the equilibrium state but cannot change the (k) value.

o) 815 5305 Am (1) ymm s 8 S A s (g 3 53 ) Sy il 51 e Lawall Jalal
5. Amount of solvent:

When the volume of the solvent increase the reaction can be directed to
the direction was the number of the of molecules is bigger.

Sl il Ga e 81 e g aad T Al el Je it 4p 8 it N S 3y )

Le Chatelier's principle

When the system in equilibrium any changes in the values of the
equilibrium factors lead to a deviation in the system in a way to decrease
the effect of this change.

These factors are temperature, pressure, concentration, amount of
the solvent and common ion effect. When the system is subjected to such
potential 1t directed the reaction toward the side decrees the effect of the
potential.

o I daddall o5 adi A 538 S VY el e b uady See daglad DA ) 0 Al b U 555y L
gadl gl A e s sl M Jelisl liSaa g ANl cusdi s

Example: The chemical A and B react as follows to produce C and D
A+ Bgz= C+D

If A= 02 mole, B= 0.5 mole, K= 0.3, Calculate the concentration of all
substances
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A + B /7= C r D
0.2 0.5 0 0 at initial of reaction
0.2-x 05-x X X
[cl[ o]
K= 21193
03 (x)x(x)

(0.2=x) (0.5=x)
0.3 = X?/(0.2- x) (0.5 — x)
X  with number is very small value so can be neglected

X = 0.173 M or Mole/L

Example: Calculate the equilibrium concentrationsof Aand Bina 0.1 M
solution of a weak electrolyte AB with an equilibrium constant 3 x 10™°

Answer:

Both A and B are unknown concentration and equal to (X)

AB = A +B

01 -—-x X X
_ lal1s]
Keq [AB]
3% 10° = E(%E:)) Aiall L 33 a yall X Al Cadas
6 _ () (x)
BBl et s
X3= 3% 107 - X = V3x 107

X=[A]l=[B]=55x 10" M
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Example: in a chemical reaction, the rate constant for the backward reaction
is 7.5%107" and the equilibrium constant is 1.5. What are the rate constant for
forward reaction.

Answer: Equilibrium constant for a reaction.
Kc=rate of backward reaction/ rate of forward reaction= R¢Ry,

rate of forward reaction

Therefore 1.5 = 7 5%10—14

Rate of forward reaction = 1.5%7.5%10 " = 1.125=10*

Example: Write the appropriate equilibrium constant expression Kc for the
following reaction:

2CO(g)+0x(g) = 2C0(g)
Answer: Equilibrium constant; Ke for the given equation;

2C0+0; ¥ 2CO0; can be written as:

Kce=[COJ /[0,] [CO. T
Example:Find Keq for the following reaction at 100 C°
2NO; <€—> N.O,
2 g
Given the following concentrations at equilibrium
[NO:]=0.019M . [N204]= 0.004M
Solution:

Since the reactivity of matenals is given in the term of molar concentration
then Kc is the same as Keq

Kc‘;;[nzoq Ke= [0.004]
[vOz]2 (0.019)2
Kc=11.08
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