Lecture 1

Analytical Chemistry

Chemistry: is a science concerned with the study of properties, structure,
components of the materials changes occur to it and emitted or absorbed
energies accompany these changes.

Gaaad Al G sl 5 o) sall Gl S g S iy Gl oa A Hay Jixg (o) aladl g reLiaSll
sl 138 aloat ) el ) Aeiall 281 5 L)

Chemistry science is classified according to the type of materials and
the purpose of their studies into these general branches:

Analytical Chemistry, Organic Chemistry, Inorganic Chemistry and
Physical Chemistry. Other branches are Theoretical Chemistry, Quantum
Chemistry, and Nuclear Chemistry etc.

ANALYTICAL CHEMISTRY: s Aabilanl) pliassl)

It is a chemistry branch deals with the study on the identification of
material composition and the determination of the amount of each
component presented by an expression of concentration directly or
indirectly (after separation). Analytical chemistry includes three types of
analysis. Analytical chemistry helped in understanding the natural
phenomena through providing the knowledge about quantitative relations
of the phenomena. It develops chemistry science and other sciences since
most of the laws based on the quantitative analysis.
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1- QUALITATIVE ANALYSIS: Z(all) & sl Jidadl)

It is process of many steps that through which material, compounds or
elements or elements forming certain material or a mixture of materials
can be identified at liquid, gas or solid phases. This process is the first step
in analysis.
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2-QUANTITATIVE ANALYSIS: 1Sl Julasl)

It is a process deals with the determination of elements or other
components that form the analyzed material (compound or mixture). It tell
us what is the amount of the components of the materials or their
components. Quantitative analysis can not be preceded without processing
qualitative analysis.
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QUANTITATIVE ANALYSIS divided-into: 1) sl Judadl) acdy
a. GRAVIMETRICANALYSIS sl Jaladl)

Gravimetric analysis includes the processes that enable us to
determine the weight of the material under consideration or some of the
material components and can be done by one of two methods.

1) Direct method: by measuring the weights of the analytical process

products which should be of definite and defined composition or
structure.

2) Indirect method: follows the weight losses of the materials or their

components.
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b. VOLUMETRIC ANALYSIS: 1) Juladl)
Indirect methods are used in this process to determine the weights of
the materials or their components and include the following:

1) Titration methods: sreawdl) (3

In these methods the volume of solutions of defined concentrations
which is required to complete the reaction with the materials or their
components is measured. From this volume of defined concentration and
the knowledge of the balanced reaction equation one can estimate the
concentration or the amount of the materials or their components.
Indicators (Pigments such as phenolphthalein) are used to define the end
point of the reaction (equivalent point).

These indicators show sudden and sharp change in physiochemical
properties such as turbidity or color at the end point.
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2) Gas analysis: r g Jad) Judadl)

In this method the amounts of consumed gases or the amounts of gas

product as a result of the gas material reaction with other material are

determined.
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3) INSTRUMENTAL METHODS OF ANALYSIS
(Physiochemical methods of analysis): ) Jaladl) ) ok
Determination of materials or their components can be performed
using instruments that their measurements of certain properties such as
conductivity, turbidity, potentiometry, color, refractive index, absorption
at UV or visible region etc...provided these measurements depend on and
relate to the concentration of the material or its components directly or
indirectly.
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A - Using of Conductivitimeter to measure the conductivity of sample
solution which is changing with variation in the component concentration.
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B - Using of potentiometer to measure the potential of an electrode which
Is in equilibrium with the sample solution.
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C - Using of UV-visible spectrometer to measure the absorbance of
radiation at a wave length that relate to the component directly or to the
compound formed by its reaction with a reagent.
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STEPS OF CHEMICAL ANALYSIS: 1eibal) Jlal) ¢ gl

There are a general steps for any analysis process, a modifications in
these steps depend on nature, size, and complicity of the sample, the
accuracy required and availability of reagents chemicals equipments and
apparatus

STEP 1: CHOICE OF THE METHOD: a4kl sl

The selected method should be suitable to the nature of the sample,
number of samples and accuracy required. Some samples like
archaeological or forensic samples need a nondestructive method to keep
the samples without destruction.
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STEP 2: SAMPLING: 1zl o) ciliaml) LR

Sampling is a very important criterion. It is the fraction of the material
with which he plans to work. It is truly representative the whole of it. If the
material is big many samples are selected and collected.
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STEP 3: PREPARING OF LABORATORY SAMPLE:
Lﬁﬁu‘ C.S}A.'\l\ PY-t\

The field sample is treated to prepare the laboratory sample required
for the analysis.

1. Producing a homogenized sample by crashing, grinding and mixing.

2. Decreasing the size of the material sample granules.

3. Turning the sample into a phase and formula can be attacked by
reagent.

4. Care should be taken to avoid the interferences or any other factors
affecting the estimation such as contamination.
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STEP 4: PROCUREMENT OF MEASURED QUANTITY OF THE
SAMPLE: Zagalll (e das (il

If the sample is solid certain weight of the dried homogenized
sample is taken using calibrated balance. If it is liquid certain volume is
taken.
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STEP 5: DISSOLUTION OF THE MEASURED SAMPLE:
s ouliall 7z 3 gadl) 4

A suitable solvent is selected to dissolve the sample completely and
within short time. The sample 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 is used for melting samples do
not dissolve in solvents.
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STEP 6: SEPARATION OF THE INTEREERING SUBSTANCES.
A131atal) 31 gal) Jucad

To measure the sample freely from interferences by other components
certain steps should be taken such as separation or using masking agents.
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STEP 7: COMPLETION OF THE ANALYSIS Jaladl) aladil

This step concern with the measurement of the substance or component
under consideration precisely using a suitable method by precipitation or
color formation, titration etc.

Balall (it ) sl o) (sl (0 oS3 ) AL dadlie Al g ploduly o 3 gladl) 0da AlgS
A8 salal) ¢ 3

STEP 8: CALCULATIONS AND DATA ANALYSIS:
el Jalas g clibeald)

From the numeric results obtained by measurements the final result is
calculated using the weight of the analyzed sample. The final results may
be evaluated by statistic analysis.
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Calculation of Equivalent weight

(Al ¢ el Gl

1- Acids: Loaaladl-1

M.wt

eq.wt(acid) =
no. of hydrogen atoms ionized (H’)

oaalall el 55

= adall 8l 54l
p el (HABa O))
AUl s gyl Gl i aae

Ex. Calculate the Equivalent weight for hydrochloric and Sulfuric acid
Atomic Weight=CI=355 H=1 0=16 S=32

M.Wt

eq.wt(Acid) =
no. of hydrogen atoms ionized (H")

HCI M.Wt=1+35.5=36.5g/mole

36.5
eq.wt = — = 36.5

H,SO, M.Wt= (2x1)+ (1x 32) + (4x16) = 98 g/mole

98
eq.wt = -5 = 49

2-Bases : 2 ) 68l) -2

M.wt

eq.wt(Base) =
no. of hydroxide atoms ionized (OH)

saclall sl o) 5l
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Ex: Calculate the Equivalent weight for Sodium hydroxide
Atomic Weight =H=1 O=16 Na=23 Al=27

M.wt

eq.wt(Base) =
no. of hydroxide atoms ionized (OH)

NaOH M.Wt=23+1+ 16 =40 g/mole

40
eq.wt = 1= 40

Al(OH); M.Wt =27+ (3x1) + (3x16) = 78 g/mole

78
eq.wt = 3= 26

3- Salts: WY -3

M.wt
no.of cations x oxidation number of cations

eq.wt(salt) =

clall (ogaltlin 5
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Ex: Calculate the Equivalent weight for Calcium chloride and Ferric

sulfate. Atomic Weight: Ca=40 CI=355 S=32 Fe=56 0=16 H=1

M.wt
no.of cations x oxidation number of cations

eq.wt(salt) =
CaCl, M.wt = 40 + (2x35.5) = 111g/mole

t = 111—555
eq-wt = - =55.

Fe, (SO,;); M.wt = (2x56) + (3x32) + (12x16) = 400g/mole

t = 00 = 66.667
eq.-wt = -~ = 66.
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4- Oxidizing and Reducing Agent: ; JAAal) Jalad) g duSgal) Jaladl — 4

M.wt
no.of electrons gained

eq.wt(Oxidizing Agent) =

ol o
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= 1Sl Jalall ; 8SA 5 l

M.wt
no.of electrons lost

eq.wt(Reducing Agent) =

ol o))

= Jaal Jalall al<all o4l
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Ex: Calculate the Equivalent weight for KMnO,
Atomic Weight= K=39 Mn =55 0=16

MnO, +8H"+5¢ ——— Mn* +4H,0
S5 Jale KMNO, &) () el g aSIBU Gluds) & gas ASLad) Aalaal) ¢pe B2adU

M.wt
no.of electrons gained

eq.wt(0Oxidizing Agent) =
KMnO, M.wt = 39 + 55 + (4x16) = 158 g/mole

158
eq.wt = T= 31.6

Ex: Calculate the Equivalent weight for Compounds below.
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HCI — H,SO, — NaOH — Fe(OH), — Fe(OH); — NH,OH — K,CrO,— NaF — H;PO,
ZnCl, — MgSO, — AgNO; — Pb(OH), — CH;COOH — Na,COs5 — Hg»(NO3), —HI
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Lecture 2

Methods of expression of concentrations
JSIAN ¢ ppadl) 3l ha

1-Molarity : Ay N gall

Number of grams molecular weight (moles) of solute per liter of
solution.

Jolaall ¢ il 8 A0 iall Balal) ¢ (Moles) dal_adl Ay ol &) 39¥) d3e Wiy i i

_ nhumber ofmoles M= n Y galboae o
V(liter) ~ V(liter) aaall
B u . \
n = i —J“d = &Y sall 22e
no.ofmillimoles Y saalall 22e A .

B vmlL vmL
M = wt 1000

T MWt VmL

ada mL ¢ 413 salall el oyl S MW E a3 Balall ¢y Jiay WE :ua
ALLL Jglaal
Units: mole/L , mmole/mL

Ex: How many grams of 0.125 M AgNO; used to prepare 500ml of its solution.

( M.Wt=169.9 g/mole)

Wt 1000 0195 - WE 1000
= 1 . =
MWt VmL 169.9 X 500
B MxMWtxVml
B 1000
0.125 x 169.9x 500
Wt = ~10.619 g

1000



College of Ibn Al-Haitham (Analytical Chemistry) Department of Chemistry

Ex: Calculate the Molarity (M) of solution result from dissolving 20 g of Sodium

hydroxide in 2 Litters of solution. Na=23, O=16,H=1

n
M = Vliter) NaOH M.Wt=23+16+1=40g/mole
n=>xt _2_g5mole > M= 22=-025M
MWt 40 2

or: M = wt x1ooo = M = me:O.ZSM

MWt VmlL 40 2000
or M=, 1 > M =2xl-025m

MWt VL 40 2
2-Normality: (A ) -2

Number of gram equivalent weight of solute per liter of solution

otaad) (e il A cildal) (e daal ad) lBISal) a0 Ll i g

_ number of equivalent _ no.ofeq el pall Cldlgallase N
B V(liter) ~ V(liter) axal B
byl o550
no.ofeq = wr M = dual jall L8 aae
eq.wt SN
N — no.of meq daal_adl cilalSililallione _ N
~ VmL sl
Wt 1000

X
eq.wt VmlL

s VmL ¢ i) salall (Al 50l i eq. WL cal AL i) Balad) 039 Jias WWE s
Aldally  slaal)
Units: eq /L , meg/mL
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Ex: How many grams of 0.2 N Sodium carbonate in 250 ml solution.
(M.Wt =106g / mole)
M.wt

no.of cations x oxidation number of cations

eq.wt(salt) =

106

eq.Wt (Na,0s) = o— = 53 g/eq
v . Wt 1000
= eq.wt T VmL
0g - Wt 1000 . e 0-2053x250
4 = 53 * 250 -~ 1000 7YY

Ex: Calculate the normality (N) of solution result from dissolving 0.5 g of
Cu(OH); in 100 mL of distilled water.

Cu=635 0=16 H=1
Cu(OH), M.wt = 63.5 4+ (2x16) + (2x1) = 97.5g/mole

M. Wt
no.of OH ions ready to substituted

eq.wt(base) =

97.5 _ o .
2 - ]
Wt 1000 N\ 0.5 1000
= eq.wt *VmL 48.75 100
3-Formality: -adla ) o8l -3

Number of gram formula weight of solute per liter of solution

Jstaall G a1 8 Caldall da) ad) dieal) ¢ g 228

number of formula weight Al jall dxpall ol jdlase

V(liter) anall =F

__no. of fw
~ V(liter)
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allalls I
no.offwzﬂ —J)S = daal jall dapall o) 5 2ae
g fw SBE)

_ no.of milliformula weight _ no.of m.fw

B vmlL - VmL
P wt 1000

~ gftw vmL
Jolaall paa VimL < Aial) Balall danall ¢y, Siay fw cal b doliall Balal) 039 Sl WE 1Eus

L AL

Units: fw/L , mfw/mL
4-Molality: Ay sl 4

Number of Moles of solute per Kilogram (1000g) of solvent

mdall e (a8 1000) a8 oS A lial) @ ga a3e Jiad

_ number ofmoles of solute QA ghSare B
m= Wt.solvent.(Kg) ( ) il 03 -
Wt 1000
m

T Mwt X Wt.solvent.(g)
Units: Mole/kg or mmole/g

Ex: Calculate the molality (m) of solution result from dissolving 5 g of Sodium
hydroxide in 250 g of distilled water. (M.Wt=40g/mole)

Wt 5

n =—— = —=0.125mole
M.Wt 40

Kg =1000mg = 250g = 0.250Kg

number ofmoles of solute 0.125
Wt.solvent. (Kg) 0.250
w 1000 5 1000
or: m=-—x M = — x——=0.5m

MWt Wtsolvent.(g) 40 250

4
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5- Mole Fraction: A gall pusl) 5

The ratio between the number of moles of solute or solvent to the total

number of moles of solute or solvent

Lndall g cildall e gal A aad) ) cudall o) lial) &Y ga a3y duudll g2

ng+n; ng+n;
X1+ X5=1
Cgadie N, ciiall O g 3% Ny scwiall lgall Jusl) X, cqiiall gall jusl) s X, i

al)

Ex: Calculate the mole fraction for A and B in its mixture if you know number

of Moles of A =18 moles and B= 40 moles

18 40
X;= — =0.310 Xo= — =0.690
18 + 40 18 + 40
6- Percentage Ratio: 14 gial) sl (5 gial) 38 1) -6

A-Weight Volume Percentage Concentration: No. of g of solute in
100ml of solution
Jotaall e sille 100 B iial) el & ase 3 dsanald) 445 1) 4 gial) dpeadl) - |

Wt,of solute
%W/V = x100
V. of solution

al Al ldall 0y 3 g
100 x = %W/V
Aldalls J slaall aaa
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B-Volume Percentage Concentration: No. of mL of solute in 100 mL
of solution
Jotaall (e yilila 100 A el @ ilila dae sdianal) 4 pial) duadl) - @

Ve of solute
% V/IV= x100
Ve of solution

Allally Gldal) paa
100 x =%V/IV
Al J slaall a2a

(edall + Qliall) ana = Jglaall aaa sddaa

C-Weight Percentage Concentration: No. of g of solute in 100 g of
solution.
Jstaall ¢a a6 100 b dall el & sse 140 1) 4 gial) dsldl) -

Wi, of solute
YWIW= x100
Wi, of solution

Al adls i) ¢y 3 g
100 x =% W/W
al Al Jslaall 035

(cedall + Gdall) @39 = Jataall 039 dBaa

Ex: Calculate the percentage ratio for solution result from dissolving 5 g of
Sodium hydroxide in 0.25 L of solution

Wi, of solute 5
%W/V= x100 = x100 = 2%
V. of solution 250

Ex: Calculate the percentage ratio for solution result from addition of 200 mL of
Methanol to 400 mL distilled water.

Vo of solute
% V/IV= x100
Ve of solution

200
% V/IV= x100 =33.333%
200 + 400
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Ex: Calculate the No. of g of glucose solution in 800 mL industrial solution, if its
percentage ratio is 15%

Wt of solute
%W/V= x100
V. of solution

Wi, of glucose
15

x 100 = 120g
800

Parts per thousandth (ppt )sja &) Jd ¢ 5a -7

Wi. of solute («13all ¢ 9)
ppt = x10°
Wi. of solution(Jsisd ¢i39)

8-Parts per million (ppm ): 1802 Gosla Jsl e 2 -8

Wt. of solute ()il ¢13 )
ppm = x10°
Wi. of solution(Jsis=l! ¢1J9)

9-Parts per billion (ppb ): s oebhJden-9

Wit. of solute (<13al) ¢135)
ppb = x10°
Wi. of solution(Jsis=d! ¢1)9)

Gram (g) = 1000 Milligram (mg)
Milligram (mg) =1000 Microgram (pug)
Microgram (pg) = 1000 Nangram(ng)
Liter (L) = 1000 Milliliter (mL)
Milliliter (mL) = 1000 Microliter(nL)
Microliter(pL) = 1000 Nanoliter(nL)
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s15aY) il B Jil Hla & la cla b cla

ppt mL/L =plL/mL | g/L=mg/mL | g/kg=mg/g

ppm uL/L =nl/mL | mg/L = pg/mL | mg/kg = ng/g

ppb nL/L ug/L =ng/mL | pug/kg =ng/g

A glal) Lgtan 43 s ¢pe Adilad) Jallaal) 38155 S A8y o) 8l aladiad ¢S — 10

NELENLTESYY

M - % x sp.gr x 1000 A siall Aol 2 o 0 05 x 1000
B M.Wt Gl (sl B
N = % x sp. gr x 1000 A sial) Aol o 4 050 x 1000
B eq.wt LA ¢ 5l B
P % x sp. gr x 1000 A siall Aol 2 o 0 0 x 1000
g.fw Aaaall () 55
Also these laws:
N; Vi=N;V;
M; Vi=M;V,
Fi1Vi=FV;
| jadl A1)
L) S e e
vml AL aaal
salladlldaliS

= = = s Ol 2 claa gl e A Balall o sl a0 g
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Ex: Calculate the normality (N) of solution result from dilution 100mL of 0.25 N
Nitric Acid to 250mL.

N;Vi = NV,
0.25x 100 =N, x 250 = N,=0.1N

Ex: How can you prepare 0.1 N of 250 mL Sulfuric Acid if you know Sp. Gr.
1.84, percentage ratio 96% and M.Wt. 98 g/mole

M. Wt
no.of Hions ready to substituted

eq.wt(acid) =

98 19
> =
% x sp.gr x 1000 0.96x1.84 x1000
N = = = 36.049N
eq.wt 49
iddil) ¢ gi8 guai Ja 250 4anag 0.1 N oS 5 Jslaa ymianily Ao aalald) 38 5 Jiay 13a g
N1 Vi=N;V;
36.049 x V;=0.1 x 250
V,;=0.694 mL

- o -

AL 48 1gd Ja 250 daw ld Apeaadpin8 B dadaly La¥) Gaalall (10 00 0.694 e (6!
hiall plally Aadlall ) asald) Jasi ol ¢ hial) glall

By add 0.694 mL of acid and in 250 mL volumetric flask then complete the

volume up to the mark with distilled water.

Q: ) gt

How can you prepare 0.5 N of 500 mL Hydrochloric Acid if you know

Sp. Gr. 1.184, percentage ratio 37% and AWt. H=1 CI=35.5
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Solved questions on concentrations

Q1- What is the formal concentration of NaCl solution (M.Wt 58.5
g/mole) if 0.1753 g of the salt dissolved in sufficient amount of water to
give 240mL of solution?

Wt 1000

F= g.-fw meL
0.1735 1000

F =85 *2a0

= 0.0125 F (mfw/mL)

Q2- Calculate the molality (m) of a solution which is 10% by weight
NaOH (M.Wt 40g/mole), supposing that we take 100gm of solution.

In 100 g of solution: 10g NaOH + 90 g H,0
Wt 1000

™= mwt * Wt solvent. (9)
10 1000

m = — x —— =2.778 m (mmole/g)
40 90

Q3- Calculate the molarity and normality of a solution containing 10.6g
of sodium carbonateNa,COz;(M.Wt 106g/mole) in one liter of aqueous
solution?

= — ="9) _196_ 451 mole
V(liter) MWt 106
M = 0;11 = 0.1M (mole/L)
or: M = Wt 1000
MWt~ vmlL
M = 20,19 -01Mm (mmole/mL)

106 1000

10
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M.wt
no.of cations x oxidation number of cations

eq.wt(salt) =

106
eq.wt (Na,co;) = Xl 53 g/eq
_ nho.ofeq _ we 10.6_02
~ V(liter) ’ no.ofeq = eqwt 53 ¢
0.2
wt 1000 10.6 _ 1000
Or: N = cqw * VL = =3 *Too0 = 0.2N(meq/mL)

Q4- 16 gram of KNO3 is dissolved in 84 g of water to give 16%(w/w)
KNO3 solution express the concentration in ppm.

wt of solute

169
10° = =2 x10° = 0.1905 x 10° ppm
wt of solution i 849 3 x107ppm (ug/g)

ppm =
Q5- Calculate the number of grams of solute in:
a- 1 liter of 0.2 N Ba(OH), solution.
b- 5 liter of 0.2 N (NaOH) solution.

a- M.Wt
eq.wt(Base) =

no. of hydroxide atoms ionized (OH )

171
eq.wt Ba(OH), = By =85.5 g/eq
Wt 1000 N xeq.wt x Vml
N = X = Wt =
eqwt VmlL 1000

~ 0.2x85.5x1000

wt = 1000 =17.1¢g

11
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b- M.Wt
eq.wt(Base) =

no. of hydroxide atoms ionized (OH )

40
€Q.Wt NaOH = ~~ =40 g/eq
N = Wt 1000 S W - N x eq.wt x Vml
= eq.wt VmL - 1000
we — 22x40x5000
- 1000 B

Q6- How can you prepare:
a- 250 mL of 0.25 F HCI, if sp. gravity of HCl =1.184 and containing
about 37% HCI by weight.
b- 250 ml of 0.1M H,SO,. if sp. Gravity = 1.84 and containing about
96% H,S0,.
a-
F_%xsp.grxlOOO ~0.37x1.184x1000
g-fw 36.5

AT ¢ ol (Gakai Ja 250 4adaly 0.25.F 8 38 T Jslaa pudaail g L) paalal) iS5 Jiag 12 g
FiVi1 = FV,

= 12.002F

12.002 x V; =0.25 x 250

0.25x 250

Vi= 12.002 =5.207 mL

AL 4aS Lgsh Ja 250 daaw ld dana A8 b drnaig L) Gaalal) (a Ja 5,207 i (6!

hiall slally dadlad) L) anal) JaSi & ¢ hial) slal)
By add 5.207 mL of acid and in 250 mL volumetric flask then complete the
volume up to the mark with distilled water.

12
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b-

_ % x sp.gr x 1000 ~ 0.96x1.84x1000
N M.Wt N 98

AT (il (Gakai Ja 250 4ada 9 0.1 M oS A Jslaa juaaaily L) paalal) jus 5 Jiag 108 g
M1V1 = Msz

= 18.024M

18.024 x V1 =0.1 x 250

0.25x 250

V4= W= 1.387 mL

oo AL dpaS g Ja 250 Ao ) dpana 408 (B daual g Lua¥) Gaalal) (e o 1.387 sl 6!
sphaial) plally dadlall ) anald) Jasi ol ¢ hial) glall
By add 1.378mL of acid and in 250 mL volumetric flask then complete the

volume up to the mark with distilled water.

Q7- Calculate the normality (N) of a 500 ml solution containing 20gms of
NaOH (M.Wt 40 g/mole).

wt 1000 20 1000
= x = 1N(meq/mL)

N =
eq.wt X VmlL 40 500

Q8- Find the molarity (M) of NaCl solution if 1.17 %( w/V), M.Wt=58.5.

% W/V = No. of grams of solute(1.17g) in 100 ml Of solution
Wt 1000

M = rwe *vmL

1.17 1000 _
M = =5 X To0 — 0.2M (mmole/mL)

Q9- Calculate the mole fraction of 15% by weight aqueous sugar
solution (15% (W/W) C5H1206).

13
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M.Wt: CgH1,06 = 180 g/mole, H,0 = 18 g/mole

In 100 g of solution: 15g C¢H1,06 + 85 g H,0

No. of moles of sugar

mole fractoin of sugar(X1) =

No. of moles of sugar + No. of moles of water

] No. of moles of water
mole fraction of water(X2) =

No. of moles of sugar + No. of moles of water

Numbers of mole of CgH1,0¢ (n1) =

Wt 15

M Wi = 180 = 0.083 mole

nl =

Numbers of mole of water (n;) =

2 = Wi _55 = 4.722 mol
" TMwe T1g T nicemose
Ny 0.083
Xi= —— = =0.017 (mole fraction of sugar)
Ny +n 4.805
Ny 4.722
Xo= —— = = 0.983 (mole fraction of water)
Ny +ny 4.805
X1+ Xo=1

0.017 +0.983 =1

14
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Chemical equilibrium

Chemical Reactions Divided into: 1) Aibial) cBle L) acdd
1- Irreversible Reactions: sdase W) coleldt) — ]

A chemical reaction that can occur in one direction reactions, so that

the reactants are completely consumed in the reaction and shown by

one arrow.

e laiall ol gall 380 5l 2l gl Led Gaangy g aal geladl & (5 jad il cdleladl) a
Jelal) Aalae 8 aad g agun Lebiiad (Sayg ol 63 I Lely i

HCl + NaOH — NacCl + H,0

2- Reversible Reactions: thpuSal) cle i) — 2

A chemical reaction that can occur in both directions (the forward
and backward directions), so that the reactants are incompletely
consumed in the reaction and shown by two arrows
Alelaiall o sall 380 51 A5 Mgl Ll Eany Y ualad) s el il alelal) a

Jeldill Aalee (4 Caagus Jidi
CH;COOH + NaOHT——  CH;COONa + H,0

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 is suitable for
chemical analysis or not. Equilibrium constant expressions are
algebraic equations that relate to the concentrations of reactants or


http://chemwiki.ucdavis.edu/Physical_Chemistry/Chemical_Equilibrium/Reversible_vs._Irreversible_Reactions#Irreversible_Reactions
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products .in a chemical reaction to one another in means of numerical
quantity called equilibrium constant.

aa) 53 G el o) 35V Bdad e ey jus Qe sl d 30l cle L) alans
(3lati 4_1)4; Y aleay @L&mﬂ'. SO BV e e Alma Cuwdy Gj\}ﬂb I e Letal)
OV Yl e saae sl Lpary s e Je i b il sil) g e il S0 5

Most of the reactions theoretically regarded as reveres reactions

Let's take this simple Reaction:
A+B T— C+D
V]_: kl .CA. CB V2: kg. Cc. CD

Rate of forward reaction a¥) Jeliil) de ju =V,

Rate of backward reaction ..Als Jelill de yu =V,

Rate Constant of forward reaction = .ceaba¥l Jo i) de o e = K
Rate Constant of backward reaction .ilddl Jelil) de pu il =k,
Molar Concentration of: A,B,C,D &« JS 4 ¥ sal) 581 53l = Cppicip

These double arrows refer to the reverse reaction At start, Rate of
backward reaction equal zero, and when the reaction occur the
concentration of C and D will increase, that's lead to an increase the
Rate Constant of backward reaction, until reached the Equilibrium, the
rate of both reactions become equals.

Jelall ¢gan die 5 jiall 4y slase (A el Jelill de )85 dylall 3

Jelall de ju A5al) (N sa5 a5 30 (B 1ai D 5 C e S 38158 Glis 5l
Jelall (e JS (e s L (5 bl Al 5 o)) 5l Alla () J gea sl aad ((AlAT) Sl

AV AR (e pram g LS ¢((mSall) il 5 e
ki.Ca X Cg =k, Cc X Cp o ae  at Equilibrium

kl CC X Cp

kg CaXCp
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At this point the reaction is called in equilibrium and no changes can
be detected at this point in the system. Although it looks like the
reaction is stopped but it is continuous in both sides.

ol e s delaill gin ¥ (Ul g GualadVh 4y glude Jeldill de s (685 ()1 5l ie
C oYL et Jelalll o) VI el gia Je el K gan 4dl e

Chemical equilibrium is dynamic in nature and chemical constant
(K) is presented as follows :

K=—F——
[ ]=Concentration

Kinds of chemical equilibrium oSl Gl 5N £ 6l

1- Homogeneous system :  (iladall JUsil)

This system occur in one phase of reactants and product
2y sl A AUl 3 gall g delatall ol gall o 58
Ha (g) + 12 (0) == 2HI(9)
PCls (9) —PCls(g) +Cl; (g)
2- Heterogeneous system :rilaia jall ol
This system occur in more than one phase of reactants and products.
g sk e ST 8 Al gall 5 Aleliiall o gall ) 55
Ca0 (s) +CO, (g) = CaCO;s (5)

AgCl (s) =—— Ag" +CI" in solution

Mass action law: s ALY Jad (ol




This law is called also general law of chemical equilibrium. An
equilibrium shift is brought about by changing the amount of one of
the participants is called mass action effect .in the reverse reaction in
their generalized equation .

mM +nN ———— pP +qQ

Capital letters represents formula of participating chemical
species and the small letters represent the numbers required for the
equation balance.

il ) A sas (@) ol e laiall ) Jeldil) b paaluall aa) (e 4S5l diLia)
el Claalodl gna A i Sl Cag pal) A1 Jad 53l 138 ansy 5 O 33YL
Allral) 4 5) gl D) ol8 Y1 ) jadié 5 pseeall Cag all Ll

The approximate chemical equilibrium  (equilibrium constant K)
for this reaction is :

_ PP [Qff
K= 11 &
[M]™ [N]®

Brackets represent molar concentration of dissolved solutes or
partial pressure in atmosphere. Equilibrium constant (K) is a
temperature dependent value. Each concentration is raised to the
power that is identical integer that accompanies the formula of the
species in the balanced equation .In reverse reactions the multiply
yield of the activities of the products divided by the multiply yield of
the reactants at certain temperature gives a constant value called
equilibrium constant (K).

Laaia Cilas g el Jarall 5 0031 ~OLSU AN sall 381 5l e Gl Y1
2 (5 s ol Y S 55 IS g 5l sl Ay e aaiat ) V) Culli e () 5 52
) sl Adlad (o juim il Al Juals | 45 ) sl dlaleal) 3 CiliaY) dxpal Caliadl)

OV ) B Aad (g sl COlelial) 4dlad 0 a Juala e

aA+bB —— cC+dD
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aC® ap4 C
K= aA2 aBb '’ Ke = [[A]]a [B]P
Activities of, a C, a DY, aA®
Molar concentrationsof [C], [D]°| , [AT?
a=c.f
a = activity allxdl)
¢ = molar concentration ¥ sell .S il
f = activity factor el Jalas

The value of f at diluted solution is approximately one and hence
molar concentration is used instead of activity, also in gas reactions
partial pressure is used instead of activity.

Y sl S Al andig Mg an) 5 e i85 Adidal) Jallaall 8 Al Jalas dad
Adladll e Yay Sallidescall andigd 4 jlal) el Al 8 Ll A dledll (e Yoy
Pc¢ . pDA

Kp =
P PA2 . PBP .
Partial pressures of P,", Pg Pc, Pp

Kc or Kp is constant at certain temperature.

LECHATELIERS PRINCIPLE AliLél Sacld

When the system in equilibrium any change in the values of
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 solvent etc ....

When the system is subjected to such potential it direct the reaction
toward the side decreases the effect of this potential .
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Aa XS 3V dalse (8 pas aga Tl (8 () ) g8 Al 8 Gl (555 Ladie
O Jlay 52 ol Jelail) ki da gy cudall 40aS gl 58 5l o) Jazzall i3 )yl
el 13 Ll

Factors affecting the reaction equilibrium
Jeliall 5l 550 (38 5 sl Jal sl

1- Temperature : 5 )yl 4a

Reactions are of two types

Exothermic endothermic
SJ\JJ QLK:L\ SJ\JJ UALA
AH=(-) negative AH=(+) positive

_ S-S

CO +2H, —=—— CH3;0H AH=-92 KJ

This reaction is exothermic (to the left ) and of course endothermic
(to the right ) . forward reaction is exothermic and backward reaction
Is endothermic .when temperature increased the reaction proceed to
left thus methanol concentration increases with decreasing
temperature and K value increases also .

\.G_}L».AS.\&AJDJ\)AJ\A\AJJDJ\JJJ JL».J\ )md.clﬁ.d\ 4;).1.1)5)\);”&_&::1_1 Jelatl) 12
)l R 2 355 sl 355 63 35 il s il any

2- Pressure bzl

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

T~

N, + 3H, ——— 2NH; (,»j\ B S
S 202l e JI6y (31 oLtV Joliil dpn 58 ) Q65 ) (5258 Jarall 50y )
3- Concentration xS Al
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K value depended on concentration of reactions and products.
Using lechatle principle one can predict the direction of the reaction.
3l +2Fe ¥ —= I +2Fe?*

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.

O3 Al oo f Jeliil) b g ol gill g cleliiall 38 55 e o) 3V s dad aaind
Al ae 8 a5 L) g Je laill 4a gy ) snaad)
4- Catalysts sacluall Jal 52l

Catalysts can increase the velocity of the reaction and decreases
the time required for obtaining equilibrium .but can not change
equilibrium concentrations or constant.

88 LS ) 33 ) g sl 53U e 3 (e 5 3ol gyt 520 Lsall Jal 2l
Ol ol 5

5- Amount of solvent il @S

When the volume of the solvent increases the reaction is directed
to the direction was the number of molecules is bigger.

, Clisall e L) s (5 siad ) Feall olatly Jelitl an 55 Cubal) dueS 3L 5

SOLUBILITY OF PRECIPITATES

Gl gl Al 50

Solubility is defined as the disappearing of atoms or molecules
or ions of solute in solvent atoms or molecules. it is the amount of
solute that dissolves in certain volume of solvent at certain
temperature. Solubility depends on type of solvent and type of solute.
All materials has certain solubility and even insoluble materials means
the amount dissolved is very little. Water is the magic solvent and can
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dissolve solute, acids and bases , some other organic materials require
organic solvents.

S Bl S a5 cudall o Jad G laall o) el eliia) L) e 4l o3l (i yd
Glaall g 5 Ao Al Al adial, dpma 5 ) ja da o ie (ndall e (e paa (B
aS A0yl o) gall g Gma an ) s La e ) gall IS5 candall £ g3
san Cpa b e gl s (mal gl s =Sl 5y e el Tas Jili Lia ll)

Ay sas Glude G zlad 4 sasll o all

SOLUBILITY PRODUCT PRINCIPLE

LW Jala jasa

When 0.1M of NaCl solution is mixed with 0.1M of AgNO;
solution, AgCl white precipitate is formed and will be in equilibrium
with Ag” and Cl ions in the solution. This solution is called saturated
with AgCl precipitate.

Ag"+ CI" ==— AgCl | precipitate (in solution) <!

In this saturated solution the multiplication yield of [Ag] and [CI]
IS constant at certain temperature. This constant value is called
solubility product.

258 e Gl al ) O 5Sh o g3 geall 2 IS g dadll @l il glaa o e 2ic
ol e dslae (3 S 5 Al ) e 0315 Alas (8 055 g Auadl
osl () de 8 e Aelitadl @l o) 30 55 G juia Jaala (5 5k 413Y) Juals dad,
G Al Jullaall dima 3 ) ya 4 j3 23 45 ) glall Aabaal) 8 SL oY) 22 (g gl
Lo 4 da (ol Lty Vi oV 028 380 55 o juia Jualas (o) V) iy 38 s Y1 3 55
_&GBJ\F\&JJJJ};}ALT\»JJ\@\J
S -
A:B, =— aA"™ , DbB®
Ksp(AaBy) = [APF]*[B*7]°

Therefore solubility product of sparingly soluble salt is the
multiplication yield of molar concentration of the ions in the solution

8
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to the power of number of ions in the chemical equilibrium equation
for the saturated solution .

From the above equations one can see that the concentration of
ions may be changed but multiply yield of these ions is unchanged
(constant) if the precipitate of the salt is present and the temperature is
constant .

1- When [A ]2[B]® > ksp precipitation occur <l i) ¢ 5Siy
2- When [A ]?[B]® < ksp precipitation not occur i oS Y

Factors affecting the solubility of precipitates

il 9 1) Al 93 (A5 figal) Jal g2l

Solubility is important factor in gravimetric analysis which requires
pure material. This means there is a need for washing the precipitate
to remove impurities and obtain pure precipitate .

zosail) Ju ) Al 13¢5 Al LG 6 o) s el ) (e J geaall die
L8l e Jgaall s il il e palaill
1 - Nature of the precipitate: If the attraction between solvent

molecules and solute ions is higher than that between solute ions in
the crystal then the salt is soluble.

5 ldall b gl e ia S| Il B gl Gy il S \3) : g__u\Jl\ 4.;.\.\2:

Ll e el 8 Cudall iy s

2 - Nature of solvent: Two properties of the solvent affecting the
solubility of the solute, these are polarity and dielectric value . Solvent
of more polarity means more attraction between solute ions and
solvent molecules. The attraction at crystal surface decreases with
higher electric constant of the solvent. Water as with high polarity
and dielectric constant value is a good solvent for nearly all inorganic

9
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ionic salts .Organic solvents such as chloroform, alcohols are good
solvents for organic salts (non polar compounds) .

L i s ddadll Laa 5 cadall al & (e Glage (Slale @llia il dapla
Al sd ST L 5 cudall iy 3o g aldall il gl adlail) (8 dlle dpdadll cuilS
9 cadeS elall |3 shl) o e il Jay 2ol LalSs J el iy (Blay Lo Ll
el s (A A ¥ LS jall ) Juadl e dalle J e il dad g Alle dlad
Al rd) Sl A413Y Jumd) a4 guanl)

3 - Temperature : Higher temperature means higher solubility ; in
water this solubility process in endothermic.

ol Alee oLl b 031 A (o LS Al 30 (e 55 i 5+ 5 i
EJ\);H

AB"‘EJ\)AvA-F + B

4 - Common ion effect: The ion that forms the precipitate is the
common ion if the solvent contain these common ions. The solubility
of the salts decreases compared with pure solvents. Other un common
ions increases the solubility.

lasie liall gl a8 Gadall sl i85 ¢ @ jidall o W) il
O (e (s sina W G e A e Asilygdll JET bl sad Jeliil) aay
.‘ﬂ N S\

5 - pH value :The concentration of hydrogen ion and hydroxide ions
affect the acidity of the solution and hence the solubility of sparingly
soluble solute.

5 2S5l 5 G g Hnedl bl 58 5 8 Al oda Hi5E; dpiaalall Allal) Ao
Okl Al Sl Al 3 UL 5 J slaall dpcaala

10
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EXAMPLES AND APPLICATIONS OF SOLUBILITY PRODUCT
LN Jeala it g 4254

The type of questions about Ksp values are limited and all of
them related to the sparingly soluble salts saturated solutions that
are in contact with an excess of non dissolved salts. The typical
problems are of three types:

1. Calculation of Ksp value from the solubility of the salts.

2. Calculation of the solubility of the salt from Ksp.

3. Calculation of one ion concentration of the salt ions in
saturated solution if the value of Ksp and the concentration
of the other ion.are known.

pe ool Alla L sl Aasis # S IS Jialag@alal) Al dagds o)
PCpaatis AN ID Bluell W icalae el mlall (e a5

el Alsd e LN Jials Glua 1

AW Jealas ddpa (e bl Al Gl 12

Juals dad cil8 13 e Jlae 8 lall il plV) As) 585 Gl .3

Al AV GeN K5 dI3YI
4
a. Calculation of Ksp value from the solubility of the salts.

Ex.1. If the solubility of AgBr= 2x10" g/100ml at 20°C, calculate
Ksp value? (M.Wt=187.8 g/mole)

The solubility should be calculated in unit of mole/liter

Concentration  volume

2 x 107 100 ml

X 1000 ml
-5

. _ 2107 x1000 2010 g/L
100

Concentration mole/L= (solute weight (g)/L) / F. Wt
1
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Or: Concentration mole/L= (solute weight (g)/L) / M.Wt
_ 2x10™

- 1878

This means that 1.065 x 10° mole of AgBr is dissolved in

one liter of solution (available as ions). Therefore each liter of the
solution contains:

[Ag*] = 1.065 x 10°° mole/L
[Br]=1.065 x 10° mole/L 2x107

=1.065x10°mole/ L

Or: M = mole/L
2x107
Wt 1000 * 1000
M = X > M = X
MWt = VmL 187.8 100

=1.065 x 10° mole/L

Ksp can be calculated as follows:

AgBr Ag® + Br’
Ksp = [Ag*][Br] = 1.065 x 10° mole/L x 1.065 x 10 mole/L
=1.134 x 10™2

Ex. 2. If the solubility of BaF, at 20°C is 0.161g/100ml in water
calculate Ksp value.( M. Wt =175.36 g/mole)
Concentration  volume

0.161 100 mi
0.161x1000
< 1000m| ¥ =~ ~161g/L
Concentration (mole/L0 = Lol 0.00919mole /L
175.36
BaF, =~ Ba* +2F
X 2X

[Ba’*] = 0.00919 mole/L

[F]=0.00919 x 2 = 0.01838 mole/L

Ksp = [Ba”][F]° = 0.00919 x (0.01838) = 3.09 x 10°
Since Ksp < [Ba**][F7] then precipitation occur
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b. Calculation of solubility of the salts from the Ksp
value: P Jeala dadd A jra (e zelall dilisd Gloa

Ex. 1: If Ksp value of Agl is 8.3 x 10" at 20°C, calculate the
solubility of Agl in mole/L and in gm/100 ml.

Agl (S) = Ag" + I’

X X X

Ksp =[Ag'][I']

As indicated by the equation

[Agl] = x=[Ag"]=I]

Ksp = [Ag*] [I'] = x.x=x°

8.3x 107 = x?

x = 9.11 x 10”° mole/L

9.11 x 10 x 234.8 (formula weight) = 2.14 x 10° g/L

2.14x107°g/Lx100

=2.14x10~" gm/100ml

1000
Ex.2: What is the solubility of Pb(OH), if Ksp value at 20°C is
2.5x10°

Pb(OH), Pb*" +20H

X 2 X
Ksp = [Pb*]1 [OH T

X s Gl o Gk
2.5 x10™° = x . (2x)? = 4%°
; 2.5%x1071° 16

x° = 4 =0.625 x 10

= 30.625x107%
x = 3.969 x 10™ mole/L

c. Calculation of one ion concentration of the salt ions in
saturated solution on the bases of the concentration of
the other ion:
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AV O oY) 38 A s el L) (1 s 5SSl

Ex. 1: Calculate the concentration of Ag™ ion in saturated solution
of Ag,CrO, (Ksp=3.4 x 10™) if you know that the
concentration of CrO,* ion is 2x10?mole/L?

Ag,CrO, >~ 2Ag* + Cro,”

Ksp = [Ag'T’[CrO4]

3.4x 10" =[Ag']* x 2 x 10™

[AgT = 3200 7= 1.7 x 107

[Ag+] = V1.7x107

[Ag*] = 1.194 x 10™ mole/L

COMMON ION EFFECT
& yiialbgy i 5l

The common ion is the ion which is present in the solution
and is obtained from two compounds or more. This leads to
decreasing the concentration of the other ion at equilibrium
provided the temperature and pressure are constant. Therefore
precipitates are more soluble in water than in solutions containing
one of the ions of the precipitates.

CSe e AS) e agle Jrantiog g Jeladl’ Ssmiaall (o) sa il oY)
Aapd st Japdy OBV die AN N 58S 5 e JilE () easas (5% aals
) Jallaally 40)lie o Lall (8 dnlisd JS) anlg )l ld 1agd s Taxazall 3]l

S lall e gl

NH,OH ~ | NH,"| + OH
NH,CI NH, | + CI
Common ion
AgNO; ~ | Ag'| + NO;3
AgClI ~| Ag'l + CI
Common ion

When the concentrations of silver and chloride ions in the
solution is 1.0x10°mole/L in water, then the addition of silver
nitrate  will increase silver ion concentration and in turn

4
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concentration of chloride ion decreases since the reaction is
directed to the left. By addition of a sufficient amount of silver
nitrate AgNO3; the concentrations of silver ion and chloride ions
will be 1.0x10™ and 1.0x10™° respectively and this will lead to the
formation of AgClI according to Lechatlee principle. The common

ion leads always to less solubility of the salt.
A0S Al dind Jglaall 3 1x107° sl s dadll g 3 5 0 S Laie
G dudadll )5 ) Sy Hlanll gai Jeldill dady Azl il 55 (e 48LS
G melall 43l 53 (e Q8 ) & il 0 0¥ (a5 s IS5 A3l Bac
1.0x10™ 2y sl g dcadll (gl 308 55 Jrad dcadl) Col 53 (e 48 g d0aS Ailizal )
CI 35S 5 das AgF 585 2 gl sl e 1.0x107° «

Ex: Calculate the solubility of CaF, Ksp = 4.0x10™ in
1. Distilled water.
2. Solution of 0.01 M CaCl,.

3. Solution of 0.01 M NaF. x = molar concentration
1.
CaF, ~Ca* +2F
X 2%

Ksp=[Ca®"1[F]? = x.(2x)* = 4x°
XS — 4.0)(:.011 — 10 X 10-11

« = YJ1.0x10™

x = 2.154 x 10™ mole/L

2.

CaF, | Ca’" |+ 2F

CaCl, »|Ca’" |+2CI" (CaCl, is completely ionized)
Common ion

[Ca®"]= x +0.01

[F] =2x

Ksp=[Ca”[F] = (x + 0.01)(2x)*  x <0.01 Jegs
4.0 x 10 = 0.01 x 4 x*= 0.04%°
,  4.0x107"

_ 110
X'= —50a =0.1x10
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x = 3.16 x 10™ mole/L

3.

CaF, Ca®t +|2F

NaF » Na' +| F | (NaF is completely ionized)
Common ion

[Ca®*] = x

[F]=2x+0.01

Ksp = [Ca®*][F ]

4.0 x 10™ = (x) . (2x + 0.01)* since 2x is compared with 0.01 is
negligible therefore it s
ignore

4.0 x 10™ = (x) (0.01)° X< 001 Jags
40x 10 =1.0x 10*x
= 40x107 1 0% 107 mol/L

1.0x10™*
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IONIZATION EQUILIBRIUM

LLd

=) YY)

-

It is the dynamic situation between ions released by weak
electrolyte in their solutions with the electrolyte solution.

G a5 Lellay 3l b)) o ASaalin Alls g ) YY) o) )l

ils SN Jslaal) aa lelllas b
Materials in its aquase solution classified into two types:
Electrolytes and non Electrolytes

Al 1SN e g Al g piSI aand ) ALl Leldlaa 8 Sl gall pusdd

Electrolytes divided into: f) il g IV s
A. Strong Electrolyte materials 408t} At g yiKIY 3fgall

Materials that totally ionized in their aqueous solutions are
called strong electrolytes. These electrolytes are good electricity
conductors, high solubility, such as strong acids and bases.

Jlaall oda ¢ysSis Ll Leddlae 3 LIS bl o) gall/ o8 80 i s SV ol gl

Al aeleally aalsadl dlgall 238 (e (SlyeSl) LA B Ala se
HCl— H +CI
NaOH — Na" + OH’
Ca(OH), — Ca”" + 20H
NaCl — Na" + CI

B. Weak electrolyte materials Adaal) A S fgall

Materials that partially ionized in their aqueous solutions,
reaching ionic equilibrium called weak electrolytes. These electrolytes
are weak electricity conductors such as weak acids and bases.

ol Al ) Ja sy Akl Jllad) 8 Ui 4010 555 ) dlgall e
Al SIS lsally Al ygSl Jua sill ddimaza 4Ll il (4585 Ally 302V
bl ac)gally (adlead) Jia ddimial)
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H20
HCN >~ H'+CN
CH3COOH ~ CH,COO +H"
NH,OH >~ NH, +OH

NON ELECTROLYTE MATERIALS
Al g ASIBUY gl
These are the materials that do not release any ions in their
aqueous solutions such as ethanol.

S i) Jie Al lelilae 8 abegh BUY ) gl o Al g 5SIBUN o) all
S S

H20
C2H5OH S C2H5OH
Glucose — Glucose

ACIDS AND BASES

2 |68l (1aalgad)

1.Arrhenius concept
Acid is a material that ionized in water to give hydrogen ion
base is a material that ionized in water to give hydroxide ion.

Senaued sl Sl s Ll 3 ol A sald) s Gmalall b Gugria ) Tasd Tas
S g yaell gl aadl el 8 ool Al saldd) 4 3ac Bl o s 3
HCl - H" +CI" , NaOH — Na" + OH"

2.Bronsted and Lowry concept

Acid is any substance that is capable of donating proton base is
any substance can accept a proten.

bale Ay & sacldlly (455 e Ll Bale Ay sa malall Gld gy Tase Cana
sl luas) e 35008

Acid ~ base + proton
CH3COOH + H,0 = CH,;CO0O + H;0"
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Acid-1 base-2 base-1 acid-2
The proton donating character of an acid manifests it self only in the
presence of a proton acceptor.
HNO;+H,0 —— 5 Nos + H;30"
Acid-1 Dbase-2 base-1 acid-2
Conjugate Conjugate
Base Acid
NH; + H,0 =~ NH," + OH"
base -1 acid -2 acid-1 base-1
Conjugate Conjugate
Acid Base

water is amphprotic solvent because it exhibits both acidic and basic
properties.

e lally ducalall al ad) ellia, @ ST 1o 588 gl e el yiing
After an acid has donate a proton the species that remains is capable

of accepting proton to reform the original acid then every acid is
paired with its corresponding base which is called as conjugate base.

OSSOl QLES) e ol i ) Jsals G50 ) aalad) 28y ) aay
Ay el paclally Cauall 13 ey (aaaldl

3.Lewis Concept
Acid is any material capable of accepting pair of electrons such as

AICI; BF; base is any substance can donate pair of electrons such as
F, NHa.

520l 350 g5 0 e AL Ll soke & 5 sl fase o pnelal
9 S mo) e e 3)al8 3ala
BF; + :NH; — F3B :NH;

ION PRODUCT CONSTANT OF WATER
slall Ao Jualal) eyl
Aqueous solutions contain small amount of hydronium ion H;O"
and hydroxide ion OH
2H,0 >~ H,0" + OH"
3
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Water dissociates to H" and OH™ ions in aqueous solutions which are
strongly contacted to water molecules. Applying mass product law
gives the following equation.

Gl ae b Alla (8 LSy G auS g 0ells Goag ) Ssl e lall iy,
[H:0"] [OH]
K=

[H20] 2
The concentration of water is enormous (each one liter of water equal
to 55.5 M) when compared with the concentration of hydrogen and
hydroxide ions. As consequence water concentration can be
considered as a constant.

b sanlgial) 1€y Ny el il S 4 jlie s S s L) 585
Al 8 e, (Sa 13gly (p)sial) aUall
K [H,0] = Kw
Kw = [H30+] [OH]] or Kw :[H+][OH']

H,0 ~ H" +OH
Kw = [H+] . [OH]
Kw = 1.0 x 10 mole/L

[H] . [OH] = K 207 = Kw (ion product constant of water) by using
water concentration as one, Kw approximation value is:

1.01 x 10™ or 1.0 x 10™ at 25°C. Kw increasing with the increase in
temperature (at 50°C = 5.47 x 10" and at 100°C = 49x10™%).

Byl da)3 3ah) ae 2ag e lall Jg¥) Jualadl il 4ad

Kw = ion product constant of water = [H*][OH7] = 1.0x10™* mole?/L*
in case of pure water.
[H']=[OH]
[H] = [OH] = 10" mole/L =M
By taking the logarithm of this equation
4
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Kw= [H'] [OHT]

-log Kw=-log [H"] [OH]

-log Kw=-log [H] -log [OH]
pKw = pH + pOH =14

if pH < 7 then the solution acidic.
If pH > 7 then the solution is basic.
If pH = 7 then the solution is equilibrium.

Cuil€ 135 dacaala Aia 93 Jolad B 7 e J8 pH dacaalad) 1Al dad cul< 1)
GB7 sslud Apzaalal) Aol Aad il 1))y Aac B dda ) Jelaal) B 7 (e )
cJalie Joladll

Ex2: Calculate the pH-and pOH values of a solution in which the
hydronium ion congentration is 2.0 x 10 M.

[H*] = [Hs0'] = 2.0 x 10° mole/L
pH = -log [H] = -log [2.0 x 107]

= 2.699
pOH= 14- pH = 14 —2.699 = 11.301

EQUILIBRIUM CONSTANTS For Pair ACIDS AND BASES
bac &Y (aalal zg3 N culh

Calculation of hydronium and hydroxide ions for strong, acids and
bases and weak acids bases.

Al 458l aelsilly (malsall s Hnells Caag el ol S Gl

5
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1-Strong acids: Aggall (aaleall -1
The strong Acids will completely ionize in its aqueous solution, and
shown by one arrow.

el Aalae 3 aaly g Jiady Al) lelilae 8 LIS ol 4 gall oaal sl

HCl > H" +CI
[H+] = [HCI]

Ex. Calculate [H'] and pH of 0.01 M HCI solution

HCl —» H" + CI
before ionization 0.01 0 0
after ionization 0 0.01 ..0.01

[H]=0.01 M
pH = -log [H'] = -log 0.01 = 2

Ex: Calculate pH and pOH for 0.15 M H,SO,

H,SO4 ey 2H .+ SO,
before ionization 0.01 0 0
after ionization 0 2x0.15 0.5
[H1=2x0.15=0.3 M
pH = -log [H'] = -log 0.3 = 0.523
Kw = pH+pOH =14
pOH =14-0.523 = 13.477
2- Week acids: Adpazall (ol -2
The Weak Acids will incompletely ionize (partial ionization) in
its agueous solution, and shown by two reverse arrows. So lonic
equilibrium in is occurring.
lae b auSlatia Cragen iy alal) Lelillae 8 Tijn (ali Asaall (oaalgal

L) ) Al L Gty (Jelal
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CH3COOH + H,0 >~ H30" + CH;COO

aH,0".aCH,COO"
Ka =
aCH,COOH.aH ,0

a=c.f fordilute solutions f=1, then

[H,0"].[CH,CO0]
K& ="[CcH,COOH].[H,0]

_ [H;0"].[CH,CO00 ] -
= [CH.COOH] , since [H,O] =Constant

Ka is a raction between the ionized part of the acid and unionized part
of the acid Ka is a constant provided temperature and pressure is
constant and called acid ionization or dissociation constant.

=B adall e iyl el el oall g daall s Ka el o)
darally 3yhall da g sl daydy Al Gad b Uadlall dSa ) (b cully

Kw
Kb= —— for Conjugate Base
Ka
CH3;COOH —~ CH;COO +H"
Acid Conjugate Base

Ex. Calculate [H'] of 0.1 M CH3;COOH at 25°C ( Ka = 1.8x107)

CH;COOH > CH;COO™ +H"

_ [CH,COOI[H"]
~  [CH,COOH]
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CH,;COOH = CH4;COO +H"
Before ionization 0.1 0 0
After ionization 0.1 - x X X
_ 5 _ <X . X
Ka=1.8x10"= 01 =
1.8x10° = ;‘—21 x is small value and hence it is neglected

x>=1.8x 10" - x = 31.8x10°°

x = 1.342 x 107 mole/L

CALCULATION OF HYDROXID ION CONCENTRATION

1. Strong bases Adw.al) acgall-1

The strong Bases will completely tonize in its aqueous solution. and
shown by one arrow.

e i) Aalaa b sy g Jiads k) Lol 8 LIS (05 4681 ae )l

NaOH — Na" + OH
Ca(OH), — Ca** +20H

Ex 1: Calculate the hydronium andhydroxide ion concentrations in
0.2M agueous NaOH solution?

NaOH —— Na“ + OH’

0.2 0 0
0 0.2 0.2
[OH]=02M
Kw  1.00x10™ _
[H+] = [OH] - 0.2 =5.00x10 14mo|e/L

Q: Calculate pOH and pH for 0.15 M Ca(OH),

2. Week bases: Al 3 158l) -2
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The Weak Bases will incompletely ionize (partial ionization) in its
aqueous solution, and shown by two arrows. So lonic equilibrium in is
occurring.

Adles b CpeSlatie Gaegus Jiais Adla) Lelllae 3 Wia ol damaall ac gl

i) I Als L Caansy ¢ Jelall

NH; + H,0 >~ NH,OH >~ NH"+OH
_ [NHZ][OH"]

Kb = [NH,OH]

POH = -log [OH]

Kb is base ionization constant
Kw

Ka= —— for Conjugate Acid
Kb

NH,OH NH,” + OH
Base Conjugate Acid

Ex: Calculate [OHT, pH and pOH of 0.1M ammonia solution at 25 °C
if Kb =1.8 x 10”.

NH,OH NH,” + OH"
_ [NH/][OH"]
- [NH,OH]
NH,OH NH,” + OH"
Before ionization 0.1M Zero Zero
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After ionization 0.1- x X X
Kb = Xl'_x =1.8x 107 x is ighored
1.8x10% = <

0.1
x = [OH] = 1.342 x 107
POH = -log[OHT] = -log 1.342 x107® = 2.872
pH = 14- pOH = 14 — 2.872 = 11.128

Ex: Calculate the pH and pOH value of 1.0x10°M acetic acid at 25 °C
if Ka=1.8x10"?

CH,COOH CH,COO™ +H"

_ [CH,COOJ[H"]

[CH,COOH]
CH,COOH >~ CH,CO0 +H"
Before ionization 0.001 Zero Zero
After ionization 0.001-x X X
1.8x10° = X~ , x is ignored
0.001— x
1.8 x10° = 0X001 - x?=1.8x10" x 0.001= 1.8 x10®
x = 2.621 x 107

pH = -log [H] = -log 2.621 x 10"
= -log 2.621xlog 10™ =2.582

pOH = 14 — pH
=14-2582=11.418
Concentration S
lonization ol
Dynamic S
Electrolyte Cul g gl
Released (k)
Classified il

10
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Agueous il
Electricity conductor Ll S &;y
Partially ionized Lija cnlia
solution Jslaa
Common &l yidia
Concept asa
Character duald
Donate g
Accept Juis
Reform CeSt Ay
Conjugate O
Pair z8J
Dissociate Slsd,y
Associate b\
Invariant Y LPRRVS
Enormous paal) g
Approximation Ty
Ratio 4.\“..
Ignored Jago
Part 378
relation Al
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