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What is Analytical Chemistry ?

A branch of chemistry that deals with the
identification of compounds and mixtures
(qualitative analysis) or the determination of
the proportions of the constituents
(quantitative analysis),

Techniques commonly used are titration,

precipitation, spectroscopy, chromatography,
etc.



Qualitative Analysis

Qualitative  Analysis is the
determination of non-numerical
information about a chemical
species, a reaction, etc. Examples
would be observing that a
reaction is creating gas that is
bubbling out of solution or
observing that a reaction results
in a color change. Qualitative
analysis is not as reliable as
quantitative analysis but is often
far easier, faster and cheaper to
perform.

Qualitative
Analysis




Qualitative analysis
Qualitative analysis is used to

m

separate an analyte from
interferents existing in a sample and
to detect the previous one.

It gives negative, positive, or yes/no
types of data.

(An analyte is the substance in a
sample that is being investigated.)is
present ina sample.

\
It informs whether or not the analyte |



Flame test

The flame test is used to visually determine the
identity of an unknown metal or metalloid ion
based on the characteristic color the salt turns the
flame of a Bunsen burner. The heat of the flame
excites the electrons of the metals ions, causing
them to emit visible light. Every element has a
signature emission spectrum that can be used to
differentiate between one element and another.




Sodium Bright yellow (intense, persistent)
Potassium Pale violet (slight, fleeting)
Calcium Brick red (medium, fleeting)
Strontium Crimson (medium)

Barium Light green (slight)

Lead Pale bluish (slight, fleeting)

Copper Green or blue (medium, persistent)



Flame test as qualitative analysis of
cations




Quantitative analysis

e [t determines number of moles or mass of
particular substance in a sample.
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Methods used in quantitative analysis involve:

= classical methods
v gravimetric,
v volumetric,

* Instrumental methods

> Electroanalytical (potentiometry, conductometry)
> Spectroscopic (UV-VIS, IR, AAS, FES)

> Mass spectrometry

> Methods which involve both separation and
guantitative analysis (chromatography, lectrophoresis)

> Other



Determination of cation or anion ( inorganic)

The procedure is based on treating the solution with
a succession of reagents which are specified to a
certain group of constituents.

The groups are then treated successively with
reagents that divide a large group into subgroups or
separate the constituents singly.

Portions of the material are dissolved separately, and
different procedures are used for each to detect the
cationic and anionic constituents
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Analysis of organic compounds

The organic nature of a compound is generally indicated by its
behaviour on being heated in the air. Solids usually melt, then
burn with either a smoky or nonsmoky flame, in some

instances leaving a black residue of carbon.

The following elements are wusually present in these
compounds: carbon, hydrogen, oxygen, nitrogen, sulfur,
occasionally, phosphorus, halogens, and some metals. Specific

tests are available for each of the individual elements.



Classical methods of quantitative analysis
Gravimetric analysis (gravimetry)
is the quantitative isolation of a substance by
precipitation and weighting of the precipitate.
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Procedure of gravimetric analysis:

>Weigh the sample to be analyzed

>Dissolve the sample in a suitable solvent, e g, water

= Add an excess of the precipitating reagent to precipitate the
analyte

> Filter the mixture to separate the precipitate from the
solution

>Wash the precipitate to remove any impurities

>Dry the precipitate by heating to remove water

>Cool the precipitate in a desiccator to prevent the
precipitate absorbing moisture from the air

=>\Weigh the cooled precipitate

>Repeat the drying and weighing process until a constant
mass for the precipitate is achieved



Gravimetric analysis yields more accurate data about the
composition of a sample than volumetric analysis does.
However, the first one takes more time to perform in the
laboratory. Volumetric analysis in the other side doesn't
take that much time and the results that we obtain are in
the most cases satisfactory.

There are two main areas of application for gravimetric
methods:
1. Analysis of standards to be used for the testing and
calibration of instrumental techniques.
2. Analysis requiring high accuracy, although the time
consuming nature of gravimetry limits this application to small

numbers of determinations



Volumetric analysis is the

use of the titration Volumetric analysis
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(Volumetric analysis)

Titrant :is the substance whose solution is used to estimate the
concentration of the unknown solution.

Titrate: is the substance whose concentration is to be estimated.

classiflcation of Simple Titration

Simple titration can be classified into four different types:
» Acid-base titrations

* Redox titrations

* Precipitation titrations

¢ Complexometric titrations



Rules for successful volumetric analysis
*The titrant should either be a standard or be
standardized.

*The reaction should proceed to a stable and well
defined equivalence point.

*The equivalence point must be able to be detected.
*The titrant’s and sample’s volume or mass must be
accurately known.

*The reaction must proceed by a definite chemistry.
*The reaction should be nearly complete at the
equivalence point.

*The reaction rate should be fast enough to be
practical



Application of volumetric analysis

Volumetry analyses:

1. wastewater e.g. measure ammonia levels in
combination with other reactants to quantify other
chemicals present.

2. food products - help determine their nutritional
implications.e.g. acidity of the orange juice

3. pharmaceutical industry to ensure quality control or
to make the process more efficient.



primary standard

inchernistry, 4 primary Primary Standard in Chemistry
s very pure, stable, not A B i
hygroscopic, and has a high standaords. .

molecular weight. Ideally,
it's also non-toxic,
inexpensive, and readily
available. A primary
standard provides a
reference to find unknown
concentrations in titrations
and is used to prepare
secondary standards and
working solutions.
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A secondary standard is a reagent that
has been standardized against a primary
standard. In other words, a secondary
standard’s concentration is known by
titrating it against a measured volume of
a primary standard instead of by weighing
it out and dissolving it in a solvent. A
secondary standard may be less pure and
more reactive than a primary standard,
but it still upholds some of the properties
of a standard. It's stable enough that its
concentration remains known for a long
time. Sodium hydroxide (NaOH) is a
common secondary standard.

secondary standard




Indicators

Chemical indicators are
arganic substances that are
used to determine the
endpoint. Indicators are
generally weak acids or
weak bases. Indicators
change their colors at a
certain pH range due to
jonization, Unionized forms
essentially have a different
color than ionized forms.
Most of the pH indicators
work at a pH range from 3
to 11. Commonly used

indicators are
phenolphthalein,  litmus,
methyl oranges, etc

Acid-bass titration
Phanolphthaiein pH indicator

Acid-base indicators

Acid-base indicatars are weak acids or bases
commonly used to find out the endpointin
acid/base neutralization titration. Indicators
change their color with the change of pH.



Characteristics of Acid-Base Indicators

While choosing an indicator, it should have
some characteristics for appropriate use. Some
of them are as follows:

1.1t should be chemically pure and must not

react with other substances in the solution
that has to be tested.

2.An indicator should remain chemically inert
and must not degrade in the whole reaction.

3.When the reaction reaches the equilibrium
point or end-point during titration, the
indicator must have noticeable colouration.



Thank you for your
Listening
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Solution:Homogeneous mixture of
two or more substance produce
from dissolved (disappeared)
solute particle (ions, atoms,
molecules) (lesser amount)
between solvent particle (larger
amount).

What is a Solution in Chemistry?
Concentrated Solution has a large

amount of solute.

Dilute Solution has a small SC"UtE Sojqent th]ﬁﬁ[]

amount of solute.




Classification of solutions according to amount of solute:

(1) Unsaturated solutions: if the amount of solute dissolved is less than the
solubility limit, or if the amount of solute is less than capacity of solvent.

(2) Saturated solutions: is one in which no more solute can dissolve in a given
amount of solvent at a given temperature, or if the amount of solute equal to
capacity of solvent.

(3) Super saturated solutions: solution that contains a dissolved amount of solute
that exceeds the normal solubility limit (saturated solution). Or a solution contains
a larger amount of solute than capacity of solvent at high temperature.
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Classification of solution based on solute particle size:

(1) True solution: A homogeneous mixture of two or more substance in which
substance (solute) has a particle size less than 1 nm dissolved in solvent.
Particles of true solution cannot be filtered through filter paper and are
not visible to naked eye (NaCl in water).

(2) Suspension solution: heterogeneous mixtures which settles on standing and
its components can be separated by filtrating (Amoxcycilline Antibiotics),
particle of solute visible to naked eye.

(3) Colloidal solution: homogeneous mixture which does not settle nor are
their components filterable, solute particle visible with electron microscope
(milk).

solution colloid suspensian
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How do we express concentrations
of solutions



Important Terms

Mole Concept:-

Mole: which is Avogadro’s number (6.022 X 10 %) of atoms,
molecules. 1ons or other species. Numerically: it is the atomic,
molecular, or formula weight of a substance expressed in grams.

weight of substance(w)
molar massof substance(M)

The number of moles (n) =

W

[1=—

M




Molecular Madss

Molecular Mass :The sum of the atomic masses of all atoms in
a molecule.

For example, the molecular mass of water, which has two
atoms of hydrogen and one atom of oxygen, is 18 (i.e., 2 + 16).
Also called molecular weight.

Example:

What is the mass molar of Calcium sulfate,Heptahydrate
,CaS04.7H20?

(Ca=40.08 5=32.06, 0O=16, H=1.01)

CaS0,.7H,0 =40.08 +32.06 + (16.0 x 4) + 7[(2 x 1.01) + 16.00]
=262.25 g/mol
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1-A :-Molarity concentration for solutions prepared
from dissolving solid solute in liquid solvent:-

Violarity:- defined as a number of solute moles
dissolved in solution volumes in litre.

No. of mole solute mole

Molarity (M) = solution volume (L) R 7
Molarity (M) = No.of mmole solute ~ mmole
olaniy ~ solution volume (mL)  mlL
wi(g)
_ Noof molesolute  mwt o) _owt (8) y 1000
~ Volume solution (L) YY) _— p i (-2 " V(mL)

L



Example (1):- A solution is prepared by dissolving 1.26 gm AgNO3
in a 250 mL volumetric flask and diluting to volume. Calculate the

molarity of the silver nitrate solution. How many millimoles AgNO3
were dissolved.

Solution:
_ wt(g) 1000
- M.wit (mﬂlj Vv (mL)
1.26 1000
= (8) X = 0,0297 mol/L

169.9 (=) 250 (mlL)
mmol
mL

Millimoles = M ( ) x V (mL)

mmol
— 0.0297 ( o ) x 250 mL = 7.42 mmole



Example (2):-How many grams per millilitre of NaCl
are contained in a2 0.250 M solution?

wt(g) 1000
M= 5 X
mol
_ wt(g) 1000 _ B
0.250M = 84 (1) R i— i) wt (g) = 0.0146 =

Homework

How many grams Na2S04 should be weight out to prepare
500 mL of a 0.100 M solution?



1-B:-Molarity concentration for solution prepared from
dissolved liquid solute in liguid solvent.

% X density X 1000 % X sp.gr.x 1000
B M. wt - M. wt a

wit solute (g)

wi solution (g) 300

%= (x%) =

Density: is the weight per unit volume at the specified temperature, usually

(gm/mL) or (gm/cm3) or (gm.cm-3) in 20 C (is the ratio of the mass in (gm) and
volume (ml).

Specific gravity (sp. gr.): defined as the ratio of the mass of a body (e.g. a

solution) usually at 20 C to the mass of an equal volume of water at 4 C (or
sometimes 20 C) or (is the ratio of the densities of the two substances).



Example (1):-Calculate the molarity of 28.0% NH3,
specific gravity 0.898,
Solution:

M.wtNH; = 14+ (3x 1) =17

% X sp.gr. or (density) x 1000
M=
M, wt

% x 0,898 x 1000 mol mmol
=16.470—=16,470——=16.470M

M= 17 L ml




Diluting Solutions:-

We often must prepare dilute solutions from more oncentrated stock
solutions.For example ,we may prepare a dilute HCL solution from
concentrated HCL to be used for titration .Or ,we may have a stock
standard solution from which we wish to prepare a series of more
dilute standards.The millimoles of stock solution taken for dilution will
be identical to the millimoles in the final diluted solution.

Dilution Formwula

FrafEicyl concentrabticor Firnnoaf volirrryicc
rr" .
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What happens to the volume and concentration in a
dilution?

When additional water is added to an aqueous solution, the
concentration of that solution decreases. This is because the

number of moles of the solute does not change, while the
volume of the solution increases

Stock solution
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Example (2) :-How many millilitres of concentrated

sulphuric acid, 94.0% (g/100g solution), density 1.831
g/cm3, are required to prepare 1 liter of a 0.100 M

solution.

— X 1.831 x 1000 mmol

_ 100 -
= 98.1 = Al mL)

no, of mmol (conc,) = no.mmol (dilu. )
(M X vl)mnc (M2 X V2)ditu.
17.5 x V; = 0,1 X 1000
V1 — 5. 71 IHL




Example ():-You wish to prepare 500 mL of 0.1 M
K2Cr207 solution from a 0.250 M solution. What
volume of the 0.250 M solution must be diluted to 500
mL.

(no.of mmol),,,. = (no.of mmol)yy,

(Ml X Vl)cunr: (MZ X vZ)diIu

mm"') X Vy(mL) = 0, 1(

V1 - 200 mL

mmol

0,250 ( )x 500 mL

mL mL



Example ():-You wish to prepare a calibration curve for the
spectrophotometric determination of permanganate. You have a
stock 0.100 M solution of KMnO4 and a series of 100 mL
volumetric flasks. What volumes of the stock solution will you
have to pipet into the flasks to prepare standards of 1.00, 2.00,
5.00, and 10.0x10-3 M KMnO4 solutions.

Solution-1: 1.0x10° M
(MI X Vl)cum: (ME X vz)dllu

0.1 (mmﬂl)x V, =10 x 107 (mm l)x 100 (mL
. = m
mL ' mlL (L)

V; = 1,0 mL stock solution (conc.),Also to prepare 2.0, 5.0, 10.0x10° M



Percentage Concentration

Mass Percent: The mass percent is used to express the
concentration of a solution when the mass of a solute and
the mass of a solution is given:.

wt wt solute (g)
(_ %) T _ x 100
wt wt solution or sample (g)
wt solute (mg)
— x 100

~ wt solution or sample (mg)

TRIAMC
ACETONIDE




Mass/Volume Percent : Another version of a percentage
concentration is mass/volume percent, which measures the
mass or weight of solute vs. the volume of solution. An
example would be a 0.9%( w/v) Nacl solution in medical
saline solutions that contains 0.9 g of NacCl for every 100 mL

of solution

wt solute (g)
). Mol
V '/ Vsolution or sample (mL)

wt solute (mg)

—— %100
V solution or sample (yL)




Volume Percent: The volume percent is used to express
the concentration of a solution when the volume of a solute
and the volume of a solution is given:

(V%) V solute (mL)

——— 1
Vsnluhuuursample(mL]X " M@
V solute (L) ™ -

"V solution or sample (uL]

X100



Example():-Calculate the weight percentage of solution prepare
by mixing 5.0g AgNO3 with 100mL water (density 1g/cm3).

Solution:

wt wt solute
( n:y)— ®) 100

—0 ) = X
wt wt solution (g)

X 100

(wtﬂ ) wt solute (AgNO;)(g)

wt )~ wtsolute + wt solvent (H,0) (g)

wt 5g 58
(._%) " — %100 = —— x 100 = 4.76%
wt '/ 5g+(100mLx 1) 105g



Example ():-Calculate the weight of glucose in litter
solution(wt/v % =5 %).

Solution:
wt wt solute (g) wt glucose (g)
—0% | = x 100 = x 100
( V 'ﬁ) V solution (mL) V solution (mL)
wt glucose (g) 5% 1000
5% = x 100 , wtglucose = =50

1000 (mL) 100

5



Example():-Calculate the volume percentage of solution
preparing by mixing 50mL methyl alcohol with 200mL

water

Solution:
V V solute (mlL)
(E%) "V solution or sample (mL) s
V methyl alcohol (mL) 50 mL

) 100= 100 =2
V methyl alcohol + V water (mL) i (50 +200)mL ‘ W




Concentration in parts per million

Wt(ug)  wt(mg)

i oy -2

- ] wt solute (g)
partpermlllmn(ppm](:-:)-m Lg) wkg)

it wtsolute (g) ;. wt(ng) wt(mg)

arpermillonppm) ) = Vsulutlnn(sample][mL)m Vo)~ vl




Example : 2.6 g sample of plant tissue was
analyzed and found to contain 3.6 pg zinc, what
is the concentration of zinc in the plant in ppm?

wt 3.6
(ng) L .

wt (g) 2.6g g




Example :- 25.0 pL serum sample was analyzed for
glucose content and found to contain 26.7 pg. Calculate
the concentration of glucose in ppm.

wt(pg) 26.7(ng) 26.7 (ug)

V(mL) 250G 0,025 (mL)
1000 (£

Ppm =

-—107x103( )—-107><1[l3ppm



Thank you for your
Listening



Water lonization

Pure water or distilled water is amphoteric in nature. This means

that in its pure state, water goes through the self-ionization
process. Self-lonization in this case, means that water

molecules donate and accept protons to form H30™ and OH-
ions. The former hydronium ion acts as a strong acid, the latter

hydroxide ion is a strong base.

2H,0

OH"




When they come together, they form a water molecule ion. Water maintains
a state of equilibrium where both hydronium and hydroxide ions are present,
but the state of equilibrium leans to the left side of the water meleculs
eqguation. Hence, the concantration of these ions is comparatively less in the
water.

The eguilibrium constant for this autoionisation of water is known as
Ker.

Thus

Kw = [H30*] [OH] Or simply Kw = [HT] [OHT]



Acids and bases can be defined via three different
theories.

. The Arrhenius theory of acids and bases states that “an acid
generates H™ ions in a solution whereas a base produces an
OH™ ion In its solution’.

. The Bronsted-Lowry theory defines “an acid as a proton
donor and a base as a proton acceptor.

. Finally, the Lewis definition of acids and bases describes

“acids as electron-pair acceptors and bases as electron-pair
donors’.



pH of pure water

For pure water the concentration of [H*] and [OH™]ions are same.
That means, [H'] = [OH]

So, from equation (K = [H*] [OH] ) we can write,
Kw = [H)? As Kw=1.00 X 10" mol®> dm™*

[H*]¥=1.00 X 107"* mol¢ dm™=>
Thus [H]=1.00 X107 mol dm™

And pH =—log [H*] = —log (1.00 X 107) So pH=7



So, we can say that the pH of the pure water is 7. And the
concentration of [H*]=[OH]= 107" mol dm~.

Acidic, basic and neutral solution

In pure water the concentration of hydronium ion and hydroxide
ion are same and equal to 10" M at 25° C. This types of solution
IS known as neutral solution. But depending on the difference
between their concentration, the solution I1s named as acidic or
basic. Such as

. If [H*] = [OH], it is a neutral solution.
. If [H*] > [OHT], it is an acidic solution.
. If [H7] < [OH, it is a basic solution.




Relation between pH and pOH from Ku

We can derive a relation between pH and pOH from the equation
below:

Ky = [H'] [OHT] Taking logarithm on both side, we get
log Kw = log [H] + log [OHT]
Or -log K, =-log[H'] - log [OH]

So pKw = pH + pOH
As pPRw = 14

Thus pH + pOH = 14.
Using this relation we can solve many problems of pH and pOH.



The pH scale,
with examples of
common solutions
and their pH values

Black coffee

~N g n & W iNKHEQ

Neutral

it ek b
N o= W

Basic (or
“alkaline”)

(S
$a W




Example:-Calculate the pOH and pHofa 5X 107> M NaOH ?

[OH ] =5x 10"*M pOH = —log[OH ]
=—log(5x10 %) =2—-log5=2-0.70=1.30
pH+pOH=14 pH=14-pOH =14-1.30=12.70

Example:- Calculate the pH of a 2x10 M HCI ?

H]=2x10"? pH = —log[H"]

= —1log(2.0 x 103) =3 —log2.0 = 2.70



Bufier solution

Buffers:- solutions that resist change in pH on dilution or on the
addition of small amounts of acids or alkalli.

A lot of biological and chemical reactions need a constant pH for the
reaction to proceed. Buffers are extremely useful in these systems to
maintain the pH at a constant value. This does not mean that the pH of
buifers does not change. It only means that the change in pH 1s not as
much as it would be with a selution that 1s not a buffer.

ety B — e

PH 4 pH 7 BH 10

g L |



Properties and Types of buiffer solutions
FProperties of buffer solution are;

1.  Its pH doesn't change even when kept for a long time.
2. Ondiluting the solution, its pH value doesi't change.
3. The solution doesn't shift by adding a littie proportion of acid or base.

There are two types of buffer solutions:

. Acidic buffer solution :A solution of a weak acid and its salts containing
strong bases.

£.g., A solution with CH3COOH, which Is weak acid and CH3COONa, which is
its salt I1s an acidic buffer solution.



. Basic buffer solution :A solution of a weak base and its salt-containing
strong aclds.

E.g., A solution with NH4OH as a weak base and NH4CL, which is iis salt, is
an essential buffer solution.

What do vou think will happen if the pH of our blood changes
from its normal pH of 7.357

The cells of our body will not hinction properly and our body systems will fail!
Human blood contains a ‘buffer’ that allows it to maintain its pH at 7.35 to enswre
normal finetioning of cells. Bufier solutions are also mmportant in chemical and
biochemical processes where the control of pH 15 very important..
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Colorimetric Analysis

Colorimetiic analysis Is the technique normally used to
determine the concentration of analyte through
comparing the color changes of the solution.

What are the principles of colorimetry?

Principle of Colonmeter s that coloured compounds can
absorb a certain wavelength of light when
monochromatic light is passed through them. The
working of 2 colonimeter s based on the concep! of Beel-
Lambeii's law

What are Transmittance and bsorbance?
Consider monochromatic ight transmitted through:a
solution: with 2n Incident IFIEEI'IEIt}" of |z 2nd a transmitted
infensity of | (Figure 1).

ly I I
essssssssssmn—my | |
Incident Light Transmitted Light




What is the Beer-Lambert Law?

The Beer-Lambent law 1s7a linear relationship between
the absorbance and the concentration, molar absorption
coefficient-and optical path length of a solunon:

A= &cl
A Absorbance
E Mnlar absorption cop(ficient Miem®
c Molar copcentration )
! aptical path length i

The molar absorption coefficient s 3 zample dependeat
property and is 3 measws of how strong an absorber the sample
is at 2 particildr wavelength of light a measumment of how
strondly 3 chemital species absors light al a  given
waveeznglh

The concentration is sumplyv the moles L™ (M) of the sample
dissolved in the solution

the optical path leagth is the widih of the cuvette uséd for the
absorbance maasurement and s trpically 1 om

The Bear-Lambert law states that there 1s a linear relationship

bhetween the concentration and the absarbance of the
solution, which egables the concetitration of 3 solution o be
calculated by medsurine fis absorbance.




(b)
1.5

03 50 100 _ 150 0
Concentration (M)

Figure2 : Calibration Curve

What is 3 standard calibration curve?

In analyiical chemistry, a calibration curve, aisc known as
a siandard curve, Is'a general method for determining
the concentration of a substance in an unknown
sample by comparing the unknown to 3 set of
standard samples of known concentration.
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The Wavelength of Maximum Absorption
(Lambda max )

The absorption of Lkt by the somple in the TV -visible
spectroscopy depends upon the wavelencth of the Hght That
parficular wavelength, at which rhe absorprion by the
snbstapce 15 highest, 13 koown as the wavelength of
maximum absorpticn

SR e

Absorbance

I
I
I
J
J
|
)
J
J
I
|
i

Wavelength ———»

What is Colorimeter?

A colonmeter s 3 davice that 1s used In Colenmetry. It
refers:toa device which helps spacific solutions tc absorb
a partcuiar wavelenglh of light. The colonmeier s usually
used o measure the cancentration of a8 Known solute in &
given solution with the'help of the Beer-Lambier law.




Principle of Colorimeter
it i= 2 photometnic technique whick states that when a beam of
incident lisht of intencify I, passes through 3 solution, the
fallowms occur

» A partof it is reflected which is denoted a3 T,

. A part of it1s absorbed which iy denoted as 1,

- Restof the light 15 transmitted and is dencted as |y
Therefore, e=L—L+4
To determine ILithe meammrement of Leand I sofficient

mﬂrﬁfuﬁ:i I: @ ebmmated The amount of Helt reflected 15 kept
constant To measure I;and §y

Diagram of Colorimeter

Dlagpram of Colarimeter

Pofyehromant Ught - Manothrormaric Light s

|"'|I 4
{ —» —
1. —® —* — —
— —
l.u,. -
Light Sl lany Flier  Cuvelle Photo call gt
=jiie

Useas of Colornmeter

. It 15 used in laborataries and hospitals 1o estimate.
piechamical sampies such as unne. plasma, serum,
sic

. 11 is ysed in the manufaciuring of painis.

=




. It 15 used in textile and food Industry
« Itie used in the gquantitative analysis of profeins, olucass,
and othsr biochemical compounds
» 1t1s psed to test water qualiny
« I3 usad 16 deimmmies the consentation of hasmoglobin n
the Blood
Advanfages and disadvantages of colorimetry
Some benefits are as follows

It 15 an-mexpensiis method, widely used m the guanttative
analvsts of colovrsd samples, easy tocarry, and transport

some disadvantages ar= a3 follows:
Amalvsis of colouriess compounds 15 not possible, does not work
IR and UV regmons:

Hieieing woveln Bt

al o | L[ L

* /]

W™ ™ ge® WY He* 9 e

eirilile anectinm.

Electromagnetic Spectrum




Organic Chemistry

The Origins of Organic Chemistry
The modem defimtion of orgamic chemmstry 15 the chemaytry of carbon
compotinds. The-term organic literally means “denved from Hvinz
crganizms:.” Oriomally, the acience of organic chennatry was the study of
compotnds =xiractsd fom living organiems and thén natural prodocts.
Compourids’ such 33 mugar, trea, sarch, waxes, and plant oils were
constdered “otgamc,” and people sccepted Vitnlism . the belsf thas
nuaturs] products smedad 2 “vitsl force ™ 1o create them Oreamic chemistry,
then, was the sudy of compounds having the vitsl fores Inmorgsmic
chemstry wae the study of gasse rocks and mmerals and the
compounds that could be made from them

Importance of organic chemistry

1-MMedicine:Most of drugs and medical yubstances sre organic compound

2-Fooils -Food matenials avé solely made of carbon compmnds iz
cartchydiates (CHO), proteine (NH-CH-COCH), #nd fats (CE-COO:

CHj. Even viiamins are Organic in namrs

3-Sterilizing sgents: hloat of the stenliziric agents and disinfeciants lice
phenol, foreaidelnyde efc. are-carbon componnds

4 Valuables: Diamonds, zraghite. petroletm Interestinaly the carbon
compoeands are found 0 be hughly valuable. dorable-and bardest 1n the
warld

< Indusiry  most ofclothes fools | contsiners | etc sre muds of carbon
6:Cleaning agenis | nagrly all cleanme sgents are argame compounds |



Hyidrocarbons
Hiydrocarbons are compoonds that caly conten sarbon and ndrozen

‘atoms, and they can be clasufied 3¢ follovws dependins on the bond typeas
that are present wrthin the molecules.
:}—c'ni;-nr._
-ﬁ_—":ilﬂ A e
; :| - _=_1Lu. .J|I.ﬂ'.|"|'!:l.[
:}';'.Li‘hnz
Aethane:
H H H

H—ﬁI:—H H:C:H H__J:[:..H
H H
Structure of methane
Sources of methane:
Mathane it an 2nd product of the anasrobic (withaut air) decay of plants
It'ts the major constitilent (op o 97%) of nxtoral gas and can be seen A
marh g3z babbling to the sursce of swamps.
Nomenclamre of Alkanes

1-Common Names
If all alkapes had unbrenched (wrmght.chamn) structores, ther

romencisture would be stmple M:ﬂﬂhﬂﬂhr-em:hnﬂﬁzmﬂu,
Howeder and we need 5way of namins all the different isomers: For
sxample; thers are two omers of fommla CHY The mobranched
momer 13 umply called dwooe (o s-bufome.. meanmg “nogmal”
butzne}, and the branched somer s called efwiom, mesning an

“zomer of bitene T



.

IITI-{;-ICH:-*-EI].:—EII, CHi—=CH=CH,
fobaies | < Tunm | imise

T Ve ey ot My e ol et oo warnitane ), chemsdfiovee, et Mo

. 711.
CH—CH= 1T~ CH—CH, EHrJ'H—{TI:—[ﬂ. CH—L—CH,
3T |+ R ptncE W !
I;
(P20 TS

-ITPAC Nomenclamure of Alkanes

The= names of alkanessnd cycloalksnes are the root nemes of organic
compounds. Beginnine with the fivecackon alkane the number of
carbois i the chain 18 itsdicated b the Gieek or Latin prefix Rings afe
destgnated by the prefix “eyeio”. (In the peometrcal symbels for nngs
each apex represents 2 carbon with the mmmber of hydrogen: required to
fill s valenes)
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Notes

of thit chain as the base mame of the compound

nem#mhaimm

Name the mibstitgent grovps sttached 1o the longest chain &5 alicyd
-Grve the loeation of sach aflcy] sroup by the number of the mamn.
chain carbon stom to whick 1t 5 attached

- The simple branched alkyl groups are uspally ¥nown by commen
names The isopropy] and isobuty] groups have a chamdienshc Mise”
(CHF)-CH groupme. jost az i iscbotane

e o B
.. 1 1
;r:n— ‘?m-ur.-u_. d;:w -CH, -;l.';i:l-—ﬂ-l".- CH—

CH; £H, CH,

st b proipe LT LT TIRE = sanfhimns T @

syl grina|
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Methods of Preparation
Allcsnies are satirsied hvdrocadbon:: Thev zre very lesz reachive

towards vEnous tegzents; hence, they are also referred to g2 paraffing

- C1.C4 ars zazs
= C5-C17 hquids
- = Cl7zelids

1-From Haloalkame: (Alkyvl Halides ) Monchaloslkanes con be
cormerted to allanes by follomnne three metheds -

z) By reduction of haloalkanes: The replacement of halogen atom of
Haloalbnses with bidfogen i called the reduction and can be carisd
out by the followms reagemrs -

tHi  Zine aod ditite Bt

CHBY + 2 4 JHCN —s l'_'.l-l‘ « Il o+ HBr
Hrummtmethane Methune
(i HI (o the preesence of rid plrogphsru
Catal < HI el sl s

- C;Hg  ZnCl; Hee
Tndiaethans SE Wethnne

(i) Cataiytie reduction

CHICT & Hy—ilomals) e g

Clilat oinethinne Metliine



4) By using Grignard™s Reagent - A Guisnerd reazent 13 & Conspund of the
type RM=X wihich {5 prepated be reacting 5 halcdlisne with masnestum
mieta] 1 the presence of diy efhier

c) CsEl B + My —S T o gy NagBr
Bramoethane Ethvl Magwesinm Brpmide

The (Gripnard's reagents ars used 1 prepars vanous compounds ke
h¥drocarbons; ethers. alechols dnd carboxylic acwds. Tt reachy wafh the
componads comaming achve hydrogen and forms alkanes Aw camly
replacesble hydrogen atom present m the componnds i called active
hydfcgen An active hvdroeen 1 preséant in (1) aleokols and (4 wwter and

{1} acids.
CH Mebe = L5H (O =¥ L4 = Mulex 1 \Bi

CHMeiy = H.O —- CH -~ M (VIR

d) By Wurtz Reaction | In thss reaction, #n sll] hahds eacts mith
sodim metal i the prezence: of drv sther and forms the hizher

allrames.
EHE—EI'—..‘HH+HI'—EH_: thy elbiz {:'Hj—CH_]-'-JHHEI
Hrumoethane Ethane

(1= alken=t and alkimes) can be convertad 1o alkansy by the addition of
hydrogen w1 the presence of 2 cataivet ke nickel, piatmum or pelladiom.

CH- = CH, + Ha — ot 5 CH,y — CH;

CH=CH+2H, —228 . cH, - CH,



Thiz reaction ¢ alss called hydrozensticn and = vesd to prepas
veseiable chee fom sdible oils (by convertinz uesaturated  fats 1o
aminratad omes )

* Feunds Method - In thiz methed |, 3 to 1 6-dsthelo alkanes react with
NametE] ‘o Inmetalto ﬁ‘.ﬂnmspundmg ;":'ﬂaaﬂmnﬂ

. _ Gy

_ CH;Br Znar Ma .
el r | o Q
CBr : _

ﬁiumhmsﬁnn:

Whett thers 13 sufhoent oxveen aileenes vall bim and form waier and
carbon dioxide a5 prodocts. Example:

CH, =20, —> CD.—IH.O0~ enargy

:E.' H N E'EF; — s{fﬂ_' B3 IEG



Orgamic Chemistry ..o,
Carboxylic acids

n

& The vardoxylic woid funetional group consist of a carbenyl gronp that
has a Nydroogf group atiached Lo the carbouyl carbon.

& Curbaxytic acid grovps e generally aiitten s B-CO0H oy
RO

" Carboxylic neifs are genennlly weak acids that are only partially
wmized,

b 0

. 0
R-C—0-H  + Hl) o= Rl - 7]—( . HY
0¥ a1
'I-d' Properties of carboxylic acids

Beifing Toinis
Higher boiling points than simifar alcofiofs. dite to dimer formatiin,
Q31—

’.

e— =R Acetic acid, by, 118 C

{3 —H=)
bsskrtagin-honded il ' dinde

Medltingg Pirirets

®  Afiphatic acids uitk mere than 8 carbims are solidy at room tempenatire.
& Dhowhle bonds (especinfly cis! loanr the milting poine. Npte these 18-C acids:
*  Stearic acid (soturatedt 22C
*  leic arid jone cis double bond) 16°¢
®  Cinofeic peid (v cis double fondel 8 (dscte-9 1 ocssdevadiennic acil)



Orgamic ChemiStTY «..oovii e iiscer e

Properties of carboxylic acids

Soluiiaty

Plater solubility decreases uith the fengeh of the cutbon chan

Up 1o 4 caronts, peid i miseible b ater.
More sifuble in aliokal
Also soluble in relasivelly mompolar sofrunts Lk ehbomoform becawse it dissiloes as o

i, _

R—{=10 « HA¥
&gl

W o=

Acidity

TEEI]

& - H L.

K- o

L TRy I 4
e
/o - H—

[ ] LiEl & Flan R - i

o )

—rre e e
= B = I s s il

i
Har

i
BT '|
|I|I.'“I'



Organic Chemistry ...

Structure of Carboxy!

® Carbo ke g hybirudized,

. | Al 'l
*  Bond nngley sre close w120 | i |
: S B 0 B BT
® (-H eclipsed with C=0, to get ovedupol 0" w T W
1 bl with drbital o lage plur on ey L . oy o
OAYECN.
il Substituent Effects un Addity
W il" il ti‘ ||| l.i‘r l||l|
=t —i g | i |l — b i +| ' i i 1[ i i
i il i i
RS T B N - L e A ey
- | i s
ll:tH_m rl'f:-q 1] 1THI'| | fl't_‘ﬂ [ CTNM
o Ny o o i e, S ]
I ] I 1 ] 1]
g g e il _1‘|_ il
(S m il Sl
oty birmw i | L P L & i|ie
i | d Wi I 1

Acid + Hase “—— sall + “wier"



Organic Chemistry ..o

i"‘ Naming Carboxylic acids

= Historical mames hre eommonty used Tor many carboxylic

ncids.
= Positions of substituents on the chuin ure lnabeled with Greck
letters
(]
0 CHLC
1 L i i nl‘l
- acet ackl
'l t"III iH. 1]1
CH—CH—C—0 CH.—CH—CH.—C— OH
oLl o i Yo artiio e gl
Common Carboxylic acid Names
0 0] 0 O
H— e~ cHen—4 CHCH LN —
O OH OH (OH
formic asd mretic aciil propiamic acid ity aond

Cﬂ;‘l‘l COsH

COH

Benzow weid phibalic sed



Organic ChemiStry «.......oocoviceerciions

Os —OH (i ] ) 0
j: }-EH;—{’_‘ )')- CH:-CH—4
o HL) €3H Hi H

1 G
il otk malonic seid stcvimie mdhd
M
IMJLN\H"
i

adipic sold  [UPAC: hexamedioic achd
* Naming Carboxylic acids

ILIPAC Namew

® Romove -¢ from alkamne (or alkened pame, add <o acid. The
carboxylic acid group hes prioriey: over all over groups

& The curbon of the carboxyl group s &1

C
Lo il
CHHT IO ) “1"}" o
T SO
2-chilormbutanoic acid

frans-3-phenyl-2-propenoic
acid (cinmamic acid)

® WWhen the ~COH s bomded o a ¢ycloalkane ring the colnpwoimnd is
named us 4 eveloalkanccarbosyite aclds,

®  Asowatic acwds are named based on bowaoie aeads,

~CHICH ) on

X ) i A o e il w-hydroxy bomro: ad
Panbicy by s inl)



Organic Chemistry ....cccviiiiniceciinn

Dicarboxylic Acids

= Aliphotic dincids are usually called by their conmmon mimes
(o be memonzed |

= For TUPAC name. number the chiin from the end closcést toa
sitbstituent

® Twucarboxyl groups on o henzene ring indicate o phthalic
el

f i akh

Ry

llﬂ‘l‘.ll;l!'lfl'l'l:{.'ll;lwﬂ

A btoeriohe viiseil b LN
cid
it bromondipic aoid |3 benzenedicurbionylic wid
atie e biin i Heiid



Organic chamistry ; chaprer twolAlcohals ).

Alcohols: ROH

Aleohols are compounds tn which (ene , two , or more hydrogen
aloms) in an alkane compound have been replaced by an (-OH)
group. For example:

T CH;y nim,

H‘gﬂ-"_ﬂ"_ﬂl"l I*Jﬂ_'%'_ﬂh H]G_T—ﬂ.l"
JL. H CHy

Prismugy Secoiidary Fertlary

Nomencluture:

Common names: Name of alky! group. followed by word aleghol.eg
ethyl alcohol, isapropyl aleohal

LIUPALC :

(o) Parent structure - longest chain conlbining ~OT1 group: name by
replacing -eof alkans by ol eznmples

b i . 4 H : My
HE—C'—U —CH,  MC—T—C—CMOM  Ht—C —F—TH;
RTHT LT 1=l nnsg Eebwitfannd

|b} Pasitian of -OH is mdicsied by a number. vsually the lowes: ane
possible (-OH {akey precedenice over double and friple bonds if sy are
present je. number from the 2nd that gives the <Ot s luwer naumber),
H
! x
TH EHH, Tr \]5;'_" ey
] r— Hy
Hif——f—— T =0 MLt

Rty be Labatiene 2ol b Zpentyre | -0l Lyl ibleesy Iinuames b-ol

(o) Bubstituenis oo parent chain mdicated by name and position mumber

CEHS-ACH2 \CHE - CHIOH)- ¢T3
3chloro-4-phenyl-2-butsnal



Crganic chemistry - chapes twolAlcohals 1.,

(d} More than one -OH group: ~dial, -ttial, etc.eg

Mg H;.

Myt —TH, K L
LH an ™ ﬁf Ht:m
L] 2

: tly 134t b | Zeding
CIM=SN R aTI ] = -|.|,| Mqh“nr II _!‘-L“ “?!

Physical Properties

Hydrogen bands can form berween 2 long parr en &n oxygom on ong.
molecyle snd the hydmogen on thet- O groug

o o ~6 carbons ‘sofuble in waler owing to hyvdrogen bonding and
dipole—tipsle interactions with water: The larper the alkyl grouwp, the
mote alkene-like the aleohol, and the less soluble it is in water Owing [o
Il-bonding and dipole-dipale nieractiond. (be aolubility of zlecohole are
high compaed o allznes af TEINE MW

3

5 Df'
a” GHH+"' Ny
Hydrogen bonded
Preparstion of Aleohols :

l-Addition of 20 o nlkene with acid :

IH H
Hal Er—ﬁ Gy + HI0 —= HL—C—L—Ch,
H2SGH P —— c—
HE—f=CHy 26 T |
CH

ARILEE]

bz
H——CHs 4 O —— HyG—— " —O




Organic chemi - chaprer two[Alcohals ).,

2= Renction of Carbonyl compowunds with Crignard reagent:

r iahAGghis O
H— 4= CHYSIy L - e i ————am H——-——H
Pyl by il '!'H_-.
1islijeiy
T &.;1,,“... oH-
L ) | wo
Fal =—H P THIMg R ——= e i H --:-i;l:-‘—T—H
ari sy le l'l'l_-; ‘:H.I-
e rindEry
F?U‘”!]r
Hil——G—OHy  +  CHMH — e Mg Ty e n-u:—l—c:g-
i ty EHy

Brtenry

Eeactions of Alcohols:

Aleohols are capable of bemg convered to matal salts, allyl halwles
eslers, aldehydes, kelones, aml aurboxylic agide

1-Alky ] halide formation:
Alcahols are canyerted 1o alkyl histides by SN| and SN2 resctions with

 halogen anids,
s _ b .
He—t—04 4 HO —— e o b 4+ WD | &tz |
EHs o Ty
|4_,|_:—-T-_u“ LM ——e me——n ¢ WO [swl]

CHy Ly



Organic chamistry ;: chaprey bwolAlcohals ).

Primary aloohols favor § N2 substitutions ,while § M1 substitrtions pocur

mainly with tertiary aléohols, A more efficient method of prepacring alkvl

halides from alcohols invalves reacticns with thiony! chloride (50C 2)
ot wiath the sulfor dioxade.

2-0xidation of Aleobols

Oxidizing agents such ax thoge lised below are aften used, gCr (V)
reagents (Climmie acid)most commmean) qEMoO4 qHNG

A-Secondary alcohols will slways produce ketones. Chromie acid s a
common reagent used to carry ont oxidation of alcohols,

Tﬁ Madlr 20T HIRO0S H

&H B
H,r""' e - rq,""""r h""‘p:

sedondary nlcobiol kctang

Exumple:

M POV 125004
-

avitlgibenucd ey lsieranome

B-Primary alcohols will alse be oxidized by chromic acid. An
aldehvde % first produced and react further fo  give e
corregponding carboxviie ackil.

s el /ﬁ\] o A

H R L]
pramnry. aleohiol wliletiyde curbovy e acil

Example:



G, G
M S
OH o
b B B W AT B R L W
-
ey loluzay Dimgihaesdl evelohonanecar, ey e el

C-Tortinry alcohols cannot be gxidized to o carbonyl compound, as it
would invalve the braking of one C-0 band in the process.

LRE
Hall=—C——0H

CH3

termitory: mlvohol
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« Nomenclature of Amings

Primary amines gre named in systemanc (IUPALY oomenclape- by
replacing the -¢ of the corresponding parent slkane with -erume = In
eoraman nomenclanee thevy  are  ngmed 8z oalkyl  wmines

LTl II'H‘."“ M,

_ e Wi,

5 [ENTS LI NI, L, _
Febit i plnmndin LT Besdminn ilnming g o deshu wivinni e
T 1 i i (FE TR SR = = TRTR PR = b

 Simple - srcondary wnd (eifiwgy umincs aic ooamed In common
nomenclarure by deaignating the organic groups sepacately in fronr of the
ward srmne

» In #yalempiic nomenclattme, |be smaller groups on the amine nitrogon
are deaignated ar subsiituenty and given the lgeant IV

CHyNHUHCHy CHCH: sNH

Eithiylmethylaming Iver iy lam ine
Ve Uy et heianeine s (A eihyle oo e

CHLH,
! a
IOy s CH SCHLCRLCH
Tty Lo B Wby Ty j | vy | arvpniime
A I|-|1!:|I..II—-...-| LTI LT LS

« In TUPALC momenclamee the substitaent -N1I2 ts colied the amine group
0

I
HNCTHORLOH HLNECH CHATON
2 A ivdosct b N Amilrispingmiibe sl

— Aryl Amines

* The common eryl ammes have the following names:

b 11| bt [ [ ] S5 1] LTl
. . |
l-.- -\.ii .'|II -I_ 'i ,-Il- -I_
L THCH
R ALY [Te ERRT NLT Oy ] TR o 1 elasiel e PRI
B o — W il | apadly 5§ = —

o w = W N L T I e w wujilin
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— Beteppeyehic Amines

* The importent heterocyclic amineg have common HANGES

= In IUPALC pomenclalore the prefixes nzo-, diszn- snd triazs- orc pecd (o
Indlcate thal niftogen hns ieplaced carbon In the conesponding
hydrocarbon ~ The nitrogen is nssignad position 1 and the ring is
numbered to give the lowesl ovemnll set of locaies (o the

N e o 1 w
I i
" H 1! '
[T F1 meshs Baslonnk lokf =
S — o = o - — i =_—
= il =
[] LS
I
-.| M N il
o, P iy e By i T pamnny frms
.-'l"l'- L | |:l [ [ — 1 — i b
h ! = » N
' W o " - i
1
B i H
ATl - e - T b i e LR L
P —
] i
Physical Properties:

Physical Properties and Structure of Aminey

* Primary &nd secondary ammes cae form hydrogen boneds to each other
A waler

« Tertiary amines cannot form hiydrogen bionds (o each other bur can form
liydragen bonds o bydragen bond donors such a5 waler

« Tertiary amineg have lower boiling poinig than primary or secondary
amines of comparable molécular weights

* Low mulecular weizli BITHeS tentl o be water sofuble whether they &e
pomiaEy, secandary or terhey
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Structure

Structure of Asmines

« The nitrogen atom in an aming is sp3 hybridized - eizhedral geometry
— ooty the groups - rigonsl pyrumidal

p—

4 #

it
HSrructurn of an aming

[

» It i5 usually impossible o resolve smine enantiomers that & chial at
nitogen because they interenven rapidly - The inlerconyersion o0Ours.
through 1p5rtam1dﬂl ar njn'ugrfn inversion inyalving the unshared electron

pair
i i
"N <@ — P~ 2
& 1-“...
Interconversion of aming enantiomers
Basicity

= Antines aro weak bases

» Relative bagicity of gmines can be compared in termg of pRa values for

thieir respective confugate acids — The more basic tie amine, the higher
{he pha of its conjugate scid will be

WL, 0 U == B - 10
PR EN 0 7]

WK, = =g K,

K. =

« Prirnury alkyl umines ure more bagke than ammenia — An alkyl group
helps fo stnbilize the allkylaminium ton

=1, T N, LT NI T N
Ui ] el L= L inTE TILET
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sl (he ablos bnssinkme b
Marsiglh sbinprral of vissrgs.

« Arylamines are weaker bases than nonnromatic cyelohexylamines

Ul JI NN, CHNH; g UTASH N,
Compugutr ncil pk, b0t dss £

= The unshared electron pair is delocalized 1o the ring - The lone pair s
iegs availsble for protonation; e, it 15 less basic

B [l

Ffm f'_EH. ti-u =1 ™EL,
o F i I"(:h i > JI " __l,-""u_‘-.
S— J— Py 31—}

S =il ey - e 2
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Ketones and Aldehvdes

The carboayl group 1= of tentral importance in organie chemistry becatise
of its wibiicuity.

The simplest carbonyl compounds sse aldehydes and ketonss. A kelone
lins two alloyl (o aryl) groups bonded o the cacbany! cacbon

| |

F"H H'H [ - ‘“‘T-r
Al ""':'j'-' K eltine

An aldehyde has one alkyl (or aryl) group and one hydiogen bonded to
the carbonyl carbon.

Structure of the earbonvi group

The carbonyl carbon is sp2 hybridized, and has s parislly filied
unbybridized p ocbital perpendicular to the o fmamewadk
_—
e
C—
(W

The oxygen is 2lso ap2 hybrdized, with the 2 lone pairs occupying sp2
pritals, This lehves one electron in & poorbital. These p orbitals form the
carbon pxvgen x bond, The =0 double bond 1w Hke o C=C double bond
except the carbonyl double bond 15 shorter and stronger. The carbonyl
groop hay g large dipole moment doe to the polarty of the dooble booe.
Oxyren (s mure elecironegstive (han carbion, god g0 the hood 15 polurized
towatrd the oxygen. The attraction of the weekly hald 1« elections toward

axygen can be represented by the twe following resansnce smuctires,
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o (Tal [ih]s

— -

The first resonance structure 15 the mmjor conwibutor, but the other
eontrines e gmall amormt, which belps explam the dipole moment

[l i5 thie pofarizadon that cpesiss the reaetivity of the catbonyi groups
(carbon is alectrophilic | and the dxygen is nudlsoplilic ).

LN FTRTS i

IUPAC nomenslature: raquires ketones 1o be mamai by replocing the -«
ending of the alkyl name with -one. Alkane — abcmone

: Hy Ty
_ﬂ My T ]
HyG——C——C —=Ct}y HF=—tp =01,

ebrtatintyme 24 fimethe - t-pentanamg
o bty gy 2l

oi 2 A=-disrciliy et Loy 3=

F-mistey s lopermnone

-."-l.:}':t'|l.l|'ll.:.'l.l'iﬂl-7!m3

4-hubmay —S-mist by - 2-pieii e
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systematic names for aldehydes are obtamed by replacing - with -al,
An aldehyde has to b2 ar the end of a chem, and therefore it 15 carbion

number 1.
L
“ Hal Ei 1 GCHG
gpiharal

2 preritigenal

If the aldehyde iz atached to 2 large unil, (he suflix -carbaldehyde in
us=il

CHO

A hetone or aidehyde group can alse be pamed a5 a subsiiluent on a

moleculs with another finctional group a its root. The ketone carbanyl i

given the prefix oxo-, mud the aldehyde group is named s o foomyls
gronp, ('This is especially common for carboxylic acids),

0k
ﬁ .
My :ﬂ"—ﬂ :ﬁ—.-ﬂl:-lﬂj Hﬁ':—ﬂ—ﬁ —{00H THE
ool Setishuaimin o wcid
= fureny heramc nead
Common Names

The wids spread uvze of carbonyl compounds means many. common
rames wre entreached in Wheir everyday use

Acetonhennie I1|:||u||1h-n||||'|||
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Common N&aine:

Aldehydes and’ ketones are the cless of organic campoumis thint inve &
cacbonyl grovp L& earbon-oxygen double bond SO0, As ihey do not
have snv biher rescrive groups like <OH or «Cl atmohed to the bsrbon
alom W Ike-  catbonyl group they & wvery  Bimpin
compounde:  The chemustry of aldchyydes and hstones 15 greatly
iEflusnied by the pres=nee of carbonvl group.

|. Boiling Points el Aldeliydes and Ketones

The boiling pomt of sldelyydes and krionss 18 higher thoo that of non-
polar compopnds (hydrocarbans) but lower than those of corresponding
aJ:uhn!_ﬁ and carhoxylic acids 28 aldehydes snd ketones do not Tarm (H-
bonds) with themeelves,

Because af the presence of carbon-oxygen double bond both aldehvdes dsg
well 85 kstanes:ure polar m miture. There will e attrachon between
permaneiit dipgleg ag well as the melecules which are near i it. Thig lg
e rewson {or sldehydes and kotones having boiling point tagheor then the
el sized hydiogisrbons

2. Solubility of Aldehydes and Ketones:

The lower membes (up o 4 carbons) of aldehydes and lré-tun:ﬂ Hre
saluble in water due 1o H-bdnding. The higher membess do not dizsnlve
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m water because the hydvocarbon part i larger s sesists the foyrmation
ol hydrogen bonds with water malecules,

Method of Prepuration of Aldehyides and Ketones ¢

Aldehydes aud Ketones can be prepared by o oumber of methods, Let’s
discuss the method one by one:

1. Formation by Osidation of Aleahols

Oxidation of primary and sscondary alcohals leade o the formation of
nidehydes am ketones. The oxidation i pessible with the belp of commnn
pxidizing agente are EMnO,, K;Copth, md o, Strong oxidizing sgents
helps i the oxidation of the primary alohel w aldehyde then 1o 3
carboxyle agd.

Example:
4y g 2 200 N H;
s > - "
Pyl Propial

Retones cun be prepared by using similar axidizing sgents from secondary
wlouhils

Be A
“CHONY 0] =+ c=D o WO
n* R’
= g

Pl ol RtoAd e nbcchsl
Example:

O
Jm U B L
L —

e ek HET o
onisipl allhiod Acaime
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L. Hydration of an alkyne to form kétones

The waditidn of 8 hydrozyl group 10 &n alloyne catges tiEomerization
which stiblequent]ly formss 2 carbanyl. Markovnikoy addition of a
hivdedxyl group to an alloms forms o ketoue,

iE. H e
W20 ‘mq.
(TR m.f" ‘xﬁ_
Al g2 I

1. Friedel-Crafis agylation to form a ketone

4. Allcenes can be elégved asing orane (O4) o form aldehydoes andior
ketones

Hat H _
N LA
= - e
f \ﬂ‘b (RS
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Biochemistry

Introduction to biochemiziry

Biochemiztry or binlomical chemistry 13 the branch of life acience wihich
deals with fie sindy of chemsma| rmarfinns that cocur incide the bady, Life
is chemical process imolinge thowsands of different reactions oocoming
15 g orgamzed manner, These are called mstgbolic reaction

Biochemistry comsists of four mam classas of molecules (often
called beoemnlecules), whe=ee the biomolecules 1o compesed of nmjr
Siemants such & carbon hdrogen oxveen and nitvogén that combine
together to Bom & zveat venety of melecolss The four majer
biomoleciles are carbohydate, protems, hpels, and muclere souds, B &
very important fo know the asturs snd fmctions of thess iomoleciisy

Large organic moleculas Snall etFamic molemnles
1= Carbolrvdrates 3 SHmplesEans
2 Protaine - Amno aeds
i Lipds > Fatiy acids
4- Nucleie acuds ¥ Nuclechdes

fany mewer dizciphines have besn emersed from Brochenmstry soch of
Chimesl Biochepushry {stmdy of dizeases) Enrsmwologsy (stody of
enzymes) and Endoerinalooy (sudy of hammones)

Carbohydrate

Carbollyetes are debnsd = polvimdrexy aldebydes or ketosmes wheh
are wilely distributsd in plants wiere fhey e formesd fom carbon
dicxide of the aimosphere and waler by ghoiosmtheds Animais obtsin
thetwr carbohvdrates from plants,
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6CO + B0 197 CeMy20s8 | 60
Carbon ' dibmde Water Sugar  Oxyoun

The mmpogiance of carbolydrates incindes:
1) Provite snergy throush oxidation
2} Provide carben forsynthess of cell components:
3) Serve as a stoved form of chemical enerzy:
4) Fowh garr of the stuctural alements of some cells and fissues
There zre more carbohydrates on Ezrth than any other known tepe of
Tvpes of Metabolism
Aetmboliom include all of the chemical reactions thar take place in a
living svstem, a cell, a Gssus. an orsan, or an erzanizm. Miefabohe
reachicns are almost all -El:tt'ﬁ':m%ﬂ!ﬂf‘*:&d znd :I.'I:I.E'EDE;E: transformanons of
energy and smtrients, syntheses and depradations. and excretions of waste
producs.

Metabolism = the whole ranse of hsochemmcal processes that oceur within
2 lme orgmmem Mstabolism consisis of anabolizm (the buildup of
subsiances) and catnbolivm (ks byealdown of substances) The #an
meigholiem 2 commenly used to sefer spenficslly to the breskdows of
Tood amd it frarsformation wiito neer

I- Carabolizsm
Cafaboliernis the st of m=iabobe dathuwss that besals doen
sinlectiles into umsler unrh that are aither dxmdizad fo release enerov

(ATP). or used 1 other ansbolic reactions, Cateboliam bresls down larse
molecules (soch s polyzacchanides lipids nuclése  acids and groteins)
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and amino acids, respectively) The pathwavs for dambolism and
(enkarvatss) in celle 4o avoid interferme with one anofier.

Glucoss and iy normal value

Gluceze (CiHuOy) i5 one of the most important carbohydrates where
the glucose is in important sugar of blood. Human blocd confamning
60-100 gm of glucose m 100 mil of blood in fasting. I serves as the
miajor metabolic fisel in calls and tswved. Oxidation of ghitose quickly
provides -energy for the cell Heace, glucoss ts:desentbad as the chuef
source of enerzy In human amtrition  Galactoss can be fotnd mose
readily in millt and dairy products, whils fructoss i foumd mostly in



Chemesbey .. ASEa AT a S

« Random blood sugar test. & biood sample wall be takes av &
random tune o matter when vou lat atz, a blood susar level of
200 millizramy per deciliter (mgfdL) or higher sugzests diabetes

« Fasting blood mugar test. A blood dample wall be taken 2fier vou
haven't saten anvilene the mght before (fast) A fasting blood sugar
level less than 100 mg/dl is normal A facting blsed sugar fevel
From 100 to 125 maidl 18 considéred prediabetes. If s 126 mz'dl
|7 mmalL ) or higher on two separate tests, yor have dabetes

Glucose regnlziion Hctors m blood
Or Blopd sugar regulation i the process by wlich the levsle o blood
suigar, fhe common name for giueoss diszolved i bleod plasms ars

mmrEmeed - the body within & namow mnes

This tight regulaizon is referred 10 s glucose homeestasis (The process of
mamiemiEs  biood =lmcczs & = meadv-saee leoed ooocEied Fhitoes
hommsostsas). [nsuling which tosvers Blood susw, and sluce=on which
rEcent discovernies of other f_h.lmfﬁgﬂlttmhumlmu have expatided the
vaderstanding of this process The gland called pancreqs secrete two
hosmenngs and they are prmaniy respensible to egulate glocoss levels i
bleod.
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Glumazon & soreted in bypesiyoemn o in carhokydmte deficiency. It
actr a5 mhibsiors for ghveelytc bev ‘énzvmes (glocobmase PFE-1,
prrvaEe kmase)

Insulin s secreted m hypemiveemin and after corbohvdeste fadme. It
acts 23 ﬂmﬂlﬂﬂuﬂg]_.t:.]rh: =7 enzynm=s,

Metabolism in diabetes mellitus

Diabstzs mellitus 13 one of the most conttmen metsbohie dizosdens.
It 1 not 3 inple disorder but is clsesified info two major types, meulin-
dependent and vson-msilin depeadent, receatly identified 13 2 pre-diabetic
conditien called metahoke syndrome. The monln-dependent disegne abo
calldd trpe [ o juvémile cnest dinbetes (becuze o ofted appeafs
childhood) 15 camsad failure of the pancreaiic celly to prodote enrmsh
smisulin, The sympioms: bewiweh dishetes (Trpsl) f2nsually detected are
=enie sl scconmenied by Geguem unmstion. shepwemaily hieh
glncoe comcenhrshond i prus ) blood onrd wasting af the hadv
dsspriz-apood dist Thess rvmploms result whes disvmiable hucose do
not entar celly wwhers ot 2 neeged

By contrast. m doganmbin-Saoendant diabstee, alzo callsd Tipe II
or adult-onzet diabetes (because o wseally ocows mommdradusls over
about 40 years of age), insulin & in sood supply bot fails 1o gromste the
pastage of glucose acrass céll membranes Tips IT dinbeizs is thousit to
resuit wiien cell membrans receptors find W recoprre mynle Thie state;
15 somatmes fefemad 2 & megln (esgtance



Liplds are organic compounds, found in living organisms that are soluble in nonpolar erganic
solvents.
Unlike the polysaccharides, proleins, and nucleic acids, lipids are not polymers. They are mostly

small molecules.

General properties of lipids:

1- Lipids are relatively soluble in organic solvents such as chloroform and methanol.

Z2- Lipids are insoluble in waler.

3- The hydrophobic (water-hating) nature of lipids is due to the predominance of hydro-carbon
chains ( -CH2- jn in their structure,



Function of lipids

1-Lipids are a source of high energy value:

Fat: 1 gram = 2 calories

Protein: 1 gram = 4 calories

Carbohydrate: 1 gram = 4 calories

2- Lipids are the constituents of membrane structure and regulale the membrane permeability

3- Lipids serve as a source of fat soluble vitamins (A, D, K and E)

4- Lipids are important as cellular metabolic regulators (steroid hormones and prostaglandins).

5- Lipids protect the internal organs, serve as insulaling materials and give shape and smoolh
appearance lo the body .

8- As compounds of the inner mitochondrial membranes, lipids (phospholipids) participate in electron

transport chain.



Fatty acids
Fatty acids are long-chain hydrocarbon molecules that terminate with carboxylic acid groups. The
numbering of carbons in fatty acids begins with the carbon of the carboxylate group (COOH).
The fatty acid chains in membranes usually contain between 14 and 24 carbon atoms; they may be
saturated or unsaturated. Short chain length and unsaturation enhance the fluidity of fatty acids
and their derivatives by lowering the melting temperature.
The 16- and 18-carbon falty acids are most commaon. The hydrocarbon chain is almost unbranched
In animal fatty acids.
The alkyl chain may be saturated or it may contain one or more double bonds. The configuration of
the double bonds in most unsaturated fatty acids is cis.
The double bonds in palyunsaturated fatty acids are separated by at least one methylene group.
Fatty acids that contain no carbon-carbon double bonds are termed saturated falty acids; those
that contain double bonds are unsaturated fatty acids and fatty acids with multiple sites of

unsaluralion are lermed polyunsaturated fatty acids (PUFAs).
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The physical properties of a fatty acid depend on the length of the hydrocarbon chain and the
degree of unsaturation.

The melting peoints of saturated falty acids increase with increasing molecular weight because
of increased van der Waals interactions between the rnolecules.

The presence of double bonds in fatty acids significantly lowers the meiting point relative to a
saturated fatty acid,

The melting points of the unsaturated fatty aclds decrease as the number of douhble bonds
increases, For example, an 18-carbon fatty acld melts at 69 °C if it is saturated, at 13 °C fit has
one double bond, at -5 "C if it has two double bonds, and at -11 °C If it has three double bonds.
Monounsaturated fatty acids contain one double band, and polyunsaturated fatty acids contain

two or more double bonds



Essential fatty acids
The fatty acids can not be synthesized by the body and, therefore, should be supplied in the diet are

known as essential fatty acids (EFA). Chemically, they are unsaturated fatty acids, namely linoleic
acid (18:2;9,12) and linolenic acid (18:3;9,12,15). Arachidonic acid (20:4;5,8,11,14).

Functions of EFA

1- Membrane structure and functions.
2- Transport of cholesterol .

3- Formation of lipoproteins .

4- Prevenlion of fatty liver .

5-They are also needed for synthesis of eicosanoids (prostaglandins, prostacyclins). It derived from

arachidonic acid (20) carbon .



O Length of hydrocarbon chain of fatty acids

Depending on the length of carbon chains, fatty acids are categonzed into 3 groups:
1-Short chain with less than 6 carbons.

2- Medium chain with 8 to 14 carbons.

3- Long chain with 16 to 24 carbons.

[ Shorthand representation of fatty acids

Instead of writing the full structures, biochemists employ shorthand notations (by numbers ) to
represent fatty acids. The general rule is that total number of carbon atoms are written first,
followed by the number of double bonds and finally the position of double bonds, starting from
the carboxyl end. Thus, saturated fatly acids, palmitic acids is writlen as 16:0 , oleic acid as
18:1:9 , arachidonic acid as 20:4:5,8,11,14 .



» Numbering of carbon atoms and position of double bond:

The position of a double band is designated by the number of the carbon in Ihe double bond that is
closest to the carboxyl group. For example, sleic acid, which contains 18 carbons and a double
bond between position 9 and 10, is designated 18:1, 8. The number 18 denotes the number of
carbon atoms, 1 denotes the number of double bonds, and 9 denotes the position of the double
bond between the 9th and 10th carbon atoms.

Oleic acid can also be designated 18:1, without the denotes the position of the double bond
between the 9th and 10th carbon atoms.

Numbering of carbon atoms starts from the carboxyl carbon which taken as number 1. The carbon

adjacent to this (carboxyl) are 2,34, and so on or alternatively alpha. beta, gamma, and so0 on .



Tnacylglycercis

Triacylglycerols (triglycerides) are the esters of glycerol with fally acids, They are Insoluble In water and non-
polar solvents and known as neutral fats, TG are the most abundant group of lipids that primarily functions as
fuel reserves of animals. The fal resarve of normal humans (man 20%, women 25% by welght) is sufficlent lo
meel the body caloric requirements for 2-3 maonths.

CH20H CH2—O—C—R
ﬁEH{]H H—OH B
CH20H Hz—OH
Glveerol ﬁ 1-Monoacylglycerol
CH2—0—LC—R1 {:Hz—-oj—n-n
CH—O—C—R2 ::H—n—@—ﬁz
CHa0H {:Hz—{]—ﬁ—ﬂﬂ

1,2-Diacylglycerol Triacylglyceral



Properties of triacylglycerols

= Hydrolysis: Triacylglycerols lipase . Free fatty acids + glycerol .

= Antioxidants: prevent the occurrence of oxidative rancidity.

= | Ipid peroxidation In vivo: In the living cells, lipids undergo oxidation to produce peroxides
and free radicals which can damage the tissue. The free radicals are believaed lo cause

inflammatory diseases, ageing , cancer, atherosclerosis elc.



Classification of Lipids:

1- Simple Lipids
2- Compound (complex) Lipids
3- Derived lipids

Simple lipids are Esters of fatty acids with various alcohols.,

R-CO0-H + R-OH - R-COO-R + H20
Fatty Acid Alcohal Ester
a. Fats and Qills are esters of fatty acids with glycerol. Ol Is a liguid, while fat is a solid at room
lemperature .
CH2Z—OH CHZ2—CO00-R
3R—-CO0OH + H—OH - H—-COUO-R
H2—OH HZ—COO0—R
Fatty Acid Glycerol Fat

b. Waxes: Esters of fatly acids (usually long chain ) with alcehel other than glycerol



« 2- Compound Lipids: Esters of falty acids with alcohals containing additional groups such as

phosphate, nitrogenous base, carbohydrate, protein elc.
They are divided into :

A- Phosphlipids : Lipids conlaining phesphoric acid and frequently a nitrogenous base. |n addition
to alcohol and fatty acids . Phopholipids enter in the structure of cell membrane .

» There are two classes of phospholipids:-
« - Glycerophospholipids: These phospholipias contain glycerol as the alcohol e.g.,
» Lecithin (glycerol +saturated fatty acid + Phosphate+ choline).

o
= Hnr:,—ﬂ-—‘l-l-r-ﬂ-

1] 1 —

Aa— C—O—C—H 8 .;,ﬁh

= —ﬂ—P—ﬂ—ﬁh—ﬂﬁ—H{ﬂﬁ

- Gy

B
Choline

phosphatidylcholine



» Cephalin: (glycerol + unsaturated fatty acid +Phosphate+ ethanol amine)

¢ 'Oy O —CH=CH—F

[ _,%
Fy= G =~ 0=CH [?
'L'Hz‘“‘%"?-‘ﬂﬂ“-‘ﬁ
\ J
Ehm:hnm
phosphatidylethanolamine

2- Sphingophospholipids: Sphingosine Is the alcohol in this group of phespho-lipids e.g.,
Sphingomyelin (Sphingosine + fatty acid +Phosphate + choline ).

Hphingoaine
- ™
Ot - = Sphingomyelin is an insulating
TFe — (e — T O = o — o N— material for nerve fibres
*i“-Har Fatty achi * |t has adouble behaviour
i -t { < ) where it di's;ni_ﬁ.res in fat and
e | polar solvents,
:&—ﬂ-h—ﬂl-lr"ﬁﬁﬂ-} = |t is found in the brain, kidney,
g liver and blood

sphingomyelin



b) Glycolipids: These lipids contain a fatty acid and carbohydrate. The alcohol is Sphingosine (also
called as glycosphingolipids) e.g., Cerebrosides (Sphingesine + Cerebronic acid + Glucose or
Galactose),

« Cerebrosides |s a key component of braln, spinal cord, and nervous cells

CHIS=CH{CE ) AU
i
H—{ —oDl

HoGH, P ETTNTER

Ciki
B

M

[F-Glucocerebroside



C) Lipoproteins: Macromeolecular complex of lipids and proteins . They are the transport
vehicles for lipids in the circulation.,

There are five types of lipoproteins :

1- Chylomicrons, lransport dietary lipids from intestine to peripheral lissues.

2-Very low density lipoproteins (VLDL), transport the lipids (endogenously synthesized)
mainly TG from liver to peripheral tissues),

3- Low density lipeproteins (LDL) ("bad" cholesterol) , transport cholesterol from liver to
peripheral tissues.

4- High density lipoproteins (HDL) ("good” cholesterol) , carry cholesterol from
peripheral tissues o liver.

5- Intermediate density lipoproteins (IDL).



3- Derived Lipids: These are the derivatives obtained by the hydrolysis of simple and compound

lipids. These include fatty acids, alcohols, mono-and diacylglycerol, lipid soluble vitamins and

Steroids. The most common derived [ipids are steroids.

= Steroids are the compounds containing a  cyclic  steroid nucleus  called
cyclopentanoperhydrophenanthrene (CPPP) that contain 17 Carbone atmos.

= There are several steroids in the biological system. These include cholesterol, bile acids, vitamin

D, sex hormones, adrenocortical hormone E

N

4 4
the steroid ring system

4- Neutral lipids : The lipids which are Uuncharged are referred to as neutral lipids e.g. triacylglycerols



