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Definitions:
1) Polar bond: a bond in which clectrons are shared unequally between bonding
atoms. So, electrons are shified more towards one atom.

2) Electronegativity: The tendency of an atom to atiract electrons to itself in a
covalent bond. So, the bonding electrons are closer to the atom with higher

electronegativity.

Note: each atom has its own electronegativity score, with flourine being the most
electronegative element, carrying a value of 4.0.
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3) Non pelar bond:

Is the bond in which the difference in electronegativity between atoms is very-small or
equal. An example of that is the C—H bond.

4) Bipole: is a bond with a—ve and +ve ends.

> Accordingiy we have:

Non pelar molecuie: -Polar molecules:
{May contain polar-tonds but the overall
geometry makes it non polar)

4+ —> 1
Ex: CO; 0=C=0 Bx: B0 D T
H H

CO; contains polar bonds but in a linear | H,O contains polar bonds but a bent
configuration (all bonds are on the same | configuration with the angle between the
straight line), so the- attraction of | two bonds is 104.3". So, the attraction of
electrons by the oxygen of one bond is | electzons by one bond is not cancelled
cancelled by the aftraction of the 2™ one, | by the other, and the electrons are
because they are in opposite directions. | deviated toward the oxygen atom.

» The Structure of water molecule:

1. Two hvdrogen atoms each carries a partial +ve charge 6] &
2. One oxygen atom that carries a partial —ve charge (5 ) and ﬁ botde,
2 pairs of unshared electrons.

= Note they are partial not complete charges as in ionjc compounds
v Water is hence a polar molecule due to the following:
1. It contains polar bonds with higher electronegativity of O atom which carries a

partial —ve charge.

2. The configuration is bent and the polar bonds are not cancelled out.

> Solvent properties of water:

s Because water is pelar molecule, it is considered a good solvent for:

1- Tonic compounds with full —ve and +ve charges (KCl, N aCl).

2- Polar compounds with partial charges (dipoles) such as: alcohols, amines and
carboxylic acid.
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s  This solubility is due to the electrostatic attraction between unlike charges of the
solveni and soluie.

> Types of interactions fonnd in solutions:

fon-dipole interactions
Dipole-dipole interactions
Dipole-induced dipole interactions
Van Der Waals interactions

N

1- ION-DIPOLE: like between ionic compounds (NaCl, KCly and water.

7- DIPOLE-DIPOLE: like between water molecules each other or-with other polar
compounds that contain one or MGIe electronegative atoms. (E.g. Alcohol, amines,
carboxylic acids).

s  These types of interactions (1 &2) hold the unlike charges in proximity to each

other. Therefore, it lowers the emergy of the sysiem and makes-it movre stable and
more likely to exist.

© Meolecules that dissolve in water in this way are called hydrophilic (Water —
loving).

3- ‘DIPOLE-INDUCED DIPOLK:

= This kind of interactions is unique for nen-pelar molecules with water.

= Ta_this type of interactions the permanent dipole (water) induces a temporary
dipole in the non polar molecule by disterting the spatial arrangement of electrons
in its bonds, so that temporary partial charges are formed -and interact with the
partial charges on water.

a  BUT these interactions are mot as streng as the previous ones, less likely to occur
and less stable.

So, non polar molecules are said fo be mot dissolved in water and are called
hydrophobic (water-hating). An example of them is Hydrocarbons.

© Non polar compounds may be solid (which sequester and leave undisselved
material in water) or liquid (forms a layer system when put in water such as oil).

Hydrophilic Hydrophobic

ol covalent o ,3-11},).;“1“1}; [enge, alooliols N’unpnhn' covalant ::urn;,x.‘)‘t.!ncl.s
such us CLFLOP (ethane >1y umndd ketones [e.o.. hydrocarions suclh as
sweh as (R ,O=0) (neetone) | CI L, (hexanea) ]

Sueravs Fatty acids, chaolesteraol

ITonic compontnieds (g 1)

Amino acids, phosplnue esters
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> Why do oil and water mixed together separate into layers?

The association of water with oil (hydrophobic molecules)

is less thermodyniamically stable and hence less favorable

+than the association of water moelecules together, and thus

oil arranges itself in water in the form of micelles.

Ii'.zﬂfi:l.rer'l

> Micelles: structures formed in water by amphipathic :
molecules in which the polar head groups are in-contact
with the water and the nonpolar tails are away from the
water {sequestering in the middle)

Amphipathic compounds: These are compounds that contain both hydrophobic and
hydrophilic portions; (e.g.: fatty acids and phospholipids that form cell membranes).

v

o The2 portions are:

1. Head; hydrophilic carboxyiic end. this part is very polar and can form
carboxylate anion (COO") at neutral pil.

2. Tail; contains long chain of C—H bonds; it is non polar and do not disselve in
water (hydrophobic).

o That’s why oil and water will separate when mixed.

4. YAN DER WAALS: interactions that occur between non polar compounds
themselves.

> Here a temperary dipele forms by mementary clumping of bonding electrons at
one end of the molecule. This temporary dipole can induce another dipele in an
adjacent molecule in the same way that a permanent dipole does.

©® These interactions are very weak and short lived.
Water can form all types of bonding with solutes except for van der waal type which is

only found between nonplar molecules themselves. In addition to that water forms a
unique type of bonding called the Hydrogen bond.

» HYDROGEN BONDS:

= It is a non covalent bond and a special type of dipole-dipole interaction.
How do such bonds form?

= In this kind of bonds, the partial +ve charge on H in the polar bonds like O—H ,
N—H , F—H , interacts with the unshared pairs of electrons on another

electronegative atom ( O, N, F ).
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= (Components of the H-bond:

1) H-Bond denor: the elecn'onegative:atom which-is covalently bonded
to H.

2) H-Bond acceptor: the electronegative atom which gave the unshared
pairs of electrons, and NOT eovalently bonded to H.
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» The 3 atoms that participate in the H-bond may have LINEAR or NON LINEAR
arrangement. '

—  Which arrangement will give the strongest interaction?

. -
O g o
H - g Na-Nd

LINEAR . NONLINEAR

> The linear one gave the H the greatest +ve charge and thus the strongest possible
interaction with the unshared pairs of electrons on the electronegative atom.

EXAMPLES of molecules that form H-bonds:

_ "H,O: water constitute an optimum situation in terms of the number of H-bonds that
each molecule can form.
It has 2 H atoms and 2 pairs of eiectrons on the oxygen. Each water molecule is
irvolved in 4 H-bonds with other water melecules; as a donor in two and as an
acceptor in two.

—  H-F: has only one H atom to enter into a hydrogen bond as a donor and 3 pairs of
elecirons that could bond to other hydrogen.

—  NHs: Have 3 H atoms to donate to a hydrogen bond, but only one pair of electrons
on the nitrogen.

o H—bonds are weaker than covalent bonds, so less energy is needed to break them; 20
iJ/mol is needed in comparison with 460 ki/mol for covalent bonds.
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» Aeccording to strength bonds can be arranged in the following order:
H-bond > ion-dipole > dipole-dipole > dipole induced dipole > Van der Waal
NOTE: The geometric arrangement of these H-bonds around the water molecule affects

the properties of water as a solvent. The bond angle between tie O—H bonds is 164.3’
and the angle between the unshared pairs of electrons is the same.

% Also each water molecule can associate with 4 other molecules through 4 hydrogen
bonds forming a tetrabedral structure.

© This arrangement of H-bond in water including the number, the strength and the
seometry gives water the following characteristics:

1- High melting point 2- Hiigh boiling point
3- Low density of ice 4- Larger volumne of ice
EXPLANATION:

= n 1 & 2: the melting point and the boiling point of water are significantly higher

=0

fhan that for compounds with the same molecular weight as water like methane
(CH,) and ammonia (NHa), why? : :

The forces of attraction between the molecules of these compounds are weaker
fhan that between water molecules; this is because of the number and the strength of

water H-bonds.

& In3 & 4: H—bonds are found in both the liquid and ice forms of water.

= BUT in the liquid form only, these bonds are broken constantly and others are
formed in & dynamic process that occurs in parts of seconds. S0, liquid water is less
cxtensively hydrogen-bonded than ice which has a fully hydrogen-bonded array in

its crystals (lattice).

o Thus, there are no empty spaces between water molecules in the liguid form (rnore
ackine). while a lot of these spaces are seci in the ice crystals (less packing).
3 ~ g/

That’s why liquid water is denser and lesser in size than ice.

> H-BONDS AND WATER AS A SOLVENT:

H-bonds can also form between water and other polar molecules which can act as bond
donor or acceptor, so non-specific dipole-dipole interactions are formed and these
molecules are said to be dissolved in water. Examples of these molecules are Alcohols,
amines, esters, carboxylic acids, aldehydes and ketones.
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BIOLOGICAL IMPORTANCE OF H- BONDS:

These bonds play a key role in stabilizing the 3-D structure of several important
biological molecules:

3=
3=

-
3=

>

Interstrand H-bonds are found between the complement bases of DNA double helix.
Tt gives the 3D structure of t-RNA

in proteins, it gives the 3-D shape of a-helix and B-pleated sheets (Intra-strand and
Inter-strand H-bonds).

ACIDS AND BASKS:

Definitions:

Acid: any melecule that can act as proton (hydrogen ion) doner.
Base: any molecule that can act as proton acceptor.

¢4

Acids are classified into:

1. Strong acids with complete dissociation in water like HCL
9 Weak acids with intermediate dissociation

3. Very weak with almost no dissociation

The strength of each acid can be measured numerically by calculating the acid
dissaciation constant (Ka value).

i . - 5 =
Ka value express the amount of H released when a given amount of acid is
dissolved in water.

RUILE: The larger the ka value, the stronger the acid.

To calculate the Ka we should know the acid dissociation equation:

HA=——====H"+A
Ka=[H'] [A]
[HA]
A more correct way to write the equation is:
HA + H,Q0=—=——" EL A
Acid base conjugate conjugate
Acid base

In this equation water is the solvent and it acts as a base.

What is pH?

pH is a numerical measure of the acidity of the solution, and it range from 0 to 14.

s

1
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= pH is a number to expiess the hydrogen ion concentration in various solutions
instead of using the exponential notation.

= pH can be calculated as follow:
pH =-log [H]

~

= A one point difference in pH means 2 10 fold difference-in [H'] concentration.

¥ g rl i 3 + =
® How to calculate the [H'] IN WATER?
Water in aqueous solutions self dissociate into:

H,0=—=—H"+OH

= This dissociation is very smail and the 4ve and —ve ions interact with water
molecules.

Quantitative estimation of the dissociation of water:

Ka = [H'] [OH]
[H,O]

= The molar concentration of Pure water is large and constant and equals 55.5 [by
dividing the number of grams of water in 1 L (1000g) by the MW of water
(18g/mol)] — (1000/ 18 =55.5M)
So, Ka * 555 = [H'] [OF] = Kw

o [w is a new constant and is considered the fon product constant of water.

= Because water is considered a monoprotic acid (if releases single proton/molecule)
. AL
then - [OH]=[H].

In pure water at 25°C the Kw = 107", so the concentration of H* =107, So,

3

pH=-log 107 —pH=7
So, pure water is considered 2 neutral solution
Facts & Rules:
— Pure water — pH =7 Acids —pH <7 Bases — pH > 7
— pKa=-logKa.

_ There is an inverse relation between pKa and the strength of the acid.

00
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- Kw=[H"7[0oH]=10"

enzyimes:

— Ol -lepil |

Examples on the optimum pH for certain

Pepsin functions properly at pH =2
Lysozyme at pH =5
- Trypsin at pH = 6

EXAMPLE:

In pure water [H'] =1x107 and pH = 7, accordingly calculate the pH of the following

solutions:
1-1x 16> M of HCL

(15 ¢ s ol | . & = g - ~-2
This is a strong acid with full dissociation so the [H']=[HCL]=1x10

pH =-log k10 =5

2- 1x10™ M of NaOH

This is a strong base with full dissociatien
[OH] =1x10"
[H'7=1x10™/1x10* = 1x10
pH=10

-10

How can we calculate the pH for solutions containing weak acids?

By using the Handerson Hasselbalch equation:

pH = pKa+log [A']
THA]

s According to this equation;, there is a special situation in which pA = pKa. This
occurs when the wealk acid is 50% dissociated, so the [HA] = [A] and the ratio

between them is 1, and as you know log 1 = zero.

% Titration and titration curves:

= Titration is an experiment where a measured
amount of base is added to a measured amount of
acid and the pH is monitored during the reaction
with a pH meter.

? What happens during the titration process?

s During the addition of the base, the concentration
of the acid is decreasing (because it reacts with the
added base) and the concentration of the
conjugated base is increasing. The opposite is true
when adding the strong acid.

21T

Relative abundance
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a  Notice that at each point in the reaction the sum of [AT] + [HA] adds up to 100%;
as you can see in the figure to the right.

= In the figure, CH3COOH is the acetic acid (HA), while CH3COO" is the acetate
(A7)

= Points to know in the titration curve:

i- Equivalence point:

It is the pH at which all the-acid has been neutraliz zed by the base; which means that all
the acid is in the deprotenated form {(A7).

2- Inflection point:

It is the pH at which equal amounts of the weak acid and its conjugated base is
present, that is {A’] = [HA].

© At this point 50% of th weak acid is dissociated; So, when applying Henderson

Hasselbach equation;
pH =pKa +log [AT]/[HA]

Sy
=
L)
a; e
i~
D
(-: o
=
"
3
il
B
(S

Then the [A] / [HA] ratio equais I---—-—-—-——-——a

NOTE: For each weak acid the value of pKa determines the pH at the equivelance and
the inflection points.

HEo Ty HPO,?
pH :[
/i
 pi+ i /
s [H,PO7} = [HPO] -
Buffer 25 - =
ik 7.2 = pR, T <
Fepton Inflection
PR~ 1+ point
H.POY H,POT
. T T T =) 1 " e
: 0 50 100
% H,PO7 insolution 100 S0 50 o 0 Eelative abundance (%}
% HPO} in solutdon 210 a0 00 100
H.POFin extess «————————p————— = HPOJF™ in excess

@ Relative abundance of H, PO and

¢ The titradon curve of H,PO7, shomna the
HPOT™.

buffer region for the HaPCY/ HPQ}™ pair.

= From the curve, notice that pH changes around the inflection point is very minimal
and is called the plateau region, and this area represents the area of the buffering
capacity of the weak acid.

e - Also notice in the curve of relative abundance above, that when the pH of the
solution is less than pKa then most of the acid is in the protonated form.

©  BUT when the pH is larger than the pKa, then most of the acid will be in the
deprotonated form (conjugated base).

L
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In general we have 3 groups of acids in terms of their dissociation:

1. Mognopretic acids
One H is released from one molecule of the acid, they have one pKa.

Dipretic acids
Two H' is released from one molecule of the acid, they have two pKa
values.

o]

3. Polyprofic acids
: B 4 .
More than 2 pKa values and more than two H' is released examples are
Citric acid and phosphoric acid.

Note: Amino Acids and Peptides are considered di- and pelyprotic acids.

Example on titration:

Caleulate the amount of acetic acid and acetate ion when 1 mole of acetic acid is
sitrated with 0.3 mole of NaGH and then calculate the pH of the solution?

FIRST, the reaction between acetic acid and NaOH is a 1:1 reaction. That is one mole of
the acid reacts with one mole of the base.

SO, the added 0.3 mole of NaOH will react with 0.3 mole of acetic acid and
consequently 0.7 moles of the acetic acid remains in the solution and 0.3 mole of acetate
ion is formed.

Using the equation:
pH = pKa +log [AJ{HA]
=4.76 +log 0.3/0.7
=4.39

Calculate the pH for the same solution when 0.5 maole of NaOH is added?

0.5 Mole of NaOH will react with 0.5 mole of acid so 0.5 mole of acid remain and 0.5
mole of acetate form.

So, the [AT]=[HA]=0.5
= t this point the pH =pKa =4.76 (the inflection point).

Buffers and their importance:

s Buffer is a solution of a weak acid and its conjugate base which RESISTS pH
changes when small to moderate amount of strong acid or base is added.

*s
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= Forexample we can’t consider pure water as a Buffer because drastic changes in pH
will take place when HCL or NaOH is added to. To convince you, look at this
example:

EXAMPLE:

Calculate the pH of the solution 0£99 ml of pure water when:
1) 1ml of 0.1 M HCEL is added?
2) 1m!of 0.1 M NaOH is added?

Note: the total volume will be 99+1=100ml

1) [HCL]=0.1/100=0.061=1x10"
SO [H+] =1 x 107
pH =3

2) [NaOHI=0.001

So, [0H-]=1 x 107
[H+=10"*7 107 = 10"
pH=11

So as you notice drastic changes took place from the oviginal pH value of pure water
which was 7 upon adding v.small amounts of both acid or base

Always remember to use the following equations for 1. Water 2. Strong acids

and bases: .
Kw=10" = [H'] [0H] i

e  BUT for weak acids use the Henderson Hasselbalch equation:
pH =pKa + log [AV/[HA]

How can the buffer solutions maintain the pH?

s When a strong acid is added (H") it reacts with the conjugate base. So, all the added
H* will be consumed and won't change the pH.

s AND VICE VERSA, when a strong base is added (OH) it react with the weak acid
so it is consumed and the pH doesn’t change that much.

s RECALL THAT ..... The buffering capacity of the system is located around the
inflection point where little changes occur in pH at the time when pH is equal or
around the pKa of the weak acid; Buffering capacity area is located between the
values pKa +1 and pKa -1 and include the point at which the ratio of [A'])/ [HA] =1
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Example on buffers:

= HPOs”/H,POs
The pKa for this acid is 7.2 and accordingly it acts as a buffer when the pH is equal or
around 7.2

If this pH.is increased by one (it became 8.2) then the ratio of
FHPOA{ZUU-I@DL:} ] is increased by 10.
if it increases by 2, the ratio increase by 100 .......... Eic.

if the pH =quals The ratic of base form/acid form egquals

PE, — 5 1./1000
o, — 2 LA100

’ s )
Ll
1O/1
10677
100071

]

The condition that a buffer contains appreciable amount of both a weak acid and its
conjugate base applies both to the ratio of the two forms and to the absolute amount
- of each present in a given solutior.

So, if a buffer solution contained a suitable ratio of acid to base, but ver low
concentration of both, it would take very little added base to use up all of the acid
form, and vice versa. So, buffers are divided inio buffers with:

|
e

Low buffer capacity:
Clontains low concentration of the acid and base forms.

2) High buffer capacity
Contains high concentration of both.

Example showing how buffer solutions resist changes in pH when a strong acid or
base is added:

A 99 ml buffer solution contains 0.063 M of HPO4 and 0.1 M of H;POs . Calculate
the pH of the solution when 1 ml of 0.1 M of HCL is added: (pKa =7.2).

The new volume is 99 +1= 100ml

FIRST, we calculate the new HCI concentration
[HCL] = 0.1/100 = 0.001 M = 1x10° M
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[P0, [H'] BLPOJ]
Before HCI ‘ 0.063 1x 107 0.1
With HCI, no reaction 0.063 1x16° 0.1
After reaction 5.062 222 0.101

pH = pKa + log [HPO4 *¥/[HPO4 ]
=7.2 +10g 0.0662/0.101
=6.99

As vou notice this is 2 very minimal change in pH from 7.2 to 6.99.
g

_Biological importance of the buffers:

The main buffer systems in our bodies:

1. Phosphate HoPOq4/ BPO2, present inside cells

9. Carbonic acid H,COy/HCO5 ™, the main buffer system in the BLCOD.

The pKa of HyCOs3 is 6.37
The pH of the blood is 7.4

© Explanation:

When CO, is produced it will dissolve in water containing fluids {(biood mainly) and
carbonic acid (H,COs) will be produced, which in tum disscciates to produce
bicarbonate ion (HCO;3 ).

COs+ HyO v H,CQ; - H' + HCO;

And because the pH of the blood is slightly higher than the pKa, then mosi of the CO; is
present in the form of bicarbonate (the deprotonated form).

Buffering systems in our bodies are important to maintain pH in a constant
range so that our enzymes and proteins will function optimally.
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Questions:

i) The Van Der Waal interactions are:
a. Strong and permanent
b. Strong and temporary
c. Weak and permanent
d. Weak and temporary
e. Noneofall

2) Al are hydrophilic compounds Except:
a. Alcohol-

b. Ammonia

c. Lipids

d. Carboxylic acid

e. Acetone

3) Which of the following atoms will be the electromegative pole if covalently
bonded with nitrogen atom?

Phosphorous

Sulfur

Oxygen

Nitrogen

Hydrogen

oo o p

4) The infiection peint is characterized by:
a. PH=pKa
b. [A-]=[HA]
c. High buffering capacity
d. All ofthe above

5) When pH = pKa + 1, the (dissociation) / (undissociation) ratie will be:

a. 100/1

b. 1000/1

¢, 10/1

d. 1/1

e. None of the above

6) If the pKa of acetic acid is 5 and the ratio of CH;COO /| CH3COOH is 100, the
pH will be:
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7) 99% disseciation of amino acid occur when:

a. pKa < pH with one unit
b. pKa < pH with two unit
c¢. pH <pKa with one unit
d. pH <»Ka with two unit

8) Which substance would be a suitable buffer at pH.7.47

. One with apKaof3.8
. One with a pKa 0£4.8
. One with apKaocf63
. One with a pKa of 7.7

- O o

9) The pKa values given below represent different weak electrolytes, which one
has the strongest tendency te-give up its protons?
A 2.6
b. 5.4
e, 3F
d 18

e. 74

10) The protonated form of an acid in a titration curve predominates when:
pH <pKa :

pH > pKa

pH =pKa

at the equivalence point

at the inflection peint

O pp TP

11) How many water molecules could hydrogen bond directly to meolecules of:

= 1o

Glucose e CH,OH CHL,O
: iy
—  Sorbito!l . /(I;——o\ o H—C—OI1 H—C—OH
o okl H—C—OH H—C—OH
o A R
—  Ribitol sas S 1T LD o H—G—OH
1
i H—~C—OH CH,OH
: Glncose CH,OH

Sorbital Ribitol

12) Identify the conjugate acid and bases in the following pairs of substances:

1) (CH3);NH"/ (CHa);N

2) *H;N —CH,COOH / "Hi:N—CH,COO~

3) "H;N—CH,COO™ / H,N—CH,COO"~

4) “00C—CH,—COOH / ‘00C—CH,—COO"~
5) "O0OC—CH,—COOH / HOOC—CH,—COOH

16/17
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Solutions
Question no. Answers
1 D. Weak and temporary
2 C. Lipids
3 C. Oxygen
4 D. All of the above
5 C.10/1
6 B 7
7 B, pKa < pH with two unit.
3 D. One with a pKa of 7.7
9 L. 1.8
10 A.pH<pKa

Answer for question # 11: Glucose — 17 water molecule
Sorbito} — 18 water molecule
Ribitol — 15 watermolecule
Answer for guestion # 32:
1) Conjugate acid / conjugate base
2) Conjugate acid / conjugate base
3) Conjugate acid / conjugate base
4) Conjugate acid / conjugate base
5) Conjugate base / conjugate acid
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