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* GENERAL CHEMISTRY



*Arrhenius, Bronsted-Lowry and Lewis 

concepts of acids and bases, strong and weak 

acids

*Most drugs are small organic molecules that behave 

in solution as either weak acids or weak bases. 

*In order to understand and appreciate these 

compounds a study must be made of simple acid–

base theory.

*



*Acids and bases were first recognized by simple properties, 
such as taste.

*Acids have a sour taste; bases are bitter. 

*Acids and bases change the color of certain dyes called 
indicators, such as litmus and phenolphthalein. 

*Acids change litmus from blue to red and basic phenolphthalein 
from red to colorless. 

*Bases change litmus from red to blue and phenolphthalein from 
colorless to pink. 

*From these color changes, acids and bases neutralize, or 
reverse, the action of one another.

*During neutralization, acids and bases react with each other to 
produce ionic substances called salts. 

*Acids react with active metals, such as Mg & Zn, to release H2

*



*The Swedish chemist Svante Arrhenius (1887) framed 

the first successful concept of acids and bases.

*He defined acids and bases in terms of the effect 

these substances have on water. 

*According to Arrhenius, acids are substances that 

increase the concentration of H+ ion in aqueous 

solution, and bases increase the concentration of 

OH- ion in aqueous solution

*



*Arrhenius concept of an acid is as ff: An acid is a 

substance that, when dissolved in water, increases the 

concentration of hydronium ion, H3O
+(aq).

*A base, in the Arrhenius concept, is a substance that, 

when dissolved in water, increases the concentration of 

hydroxide ion, OH-(aq).

*The rxns of HCl and NH3, in benzene and in the gas 

phase, are similar to the rxn in aq solution but cannot 

be explained by the Arrhenius concept. 

*



*But many rxns that have characteristics of acid–base rxns

in aq solution occur in other solvents or without a 

solvent. 

*

A 3rd rxn occurs in the gaseous state to produce solid NH4Cl

*The product is a solution of NH4Cl—i.e., a solution of NH4
+ and 

Cl- ions. 

*A very similar rxn occurs between hydrogen chloride and 
ammonia dissolved in benzene, C6H6. The product is again 
NH4Cl, which in this case precipitates from the solution 



*The special role of the hydronium ion (or hydrogen ion) 

and the hydroxide ion in aq solutions arises from the 

following rxn (self-ionisation)

*

*The addition of acids & bases alters the conc’s of these ions in water

* In Arrhenius’s theory, a strong acid is a substance that completely 
ionizes in aq solution to give H3O+(aq) and an anion. An example is 
perchloric acid, HClO4

*Other e.g. of strong acids are H2SO4, HI, HBr, HCl & HNO3. 

*A strong base completely ionizes in aqueous solution to give OH-

and a cation e.g. NaOH

The principal strong bases are the hydroxides of Group IA elements and 

Group IIA elements (except Be).



*Despite its successes, the Arrhenius concept is 

limited. 

*In addition to looking at acid–base rxns only in aq

solutions, it singles out the OH- ion as the source of 

base character, when other species can play a 

similar role. 

*Broader definitions of acids and bases were needed

*



*In 1923 the Danish chemist JN. Brønsted (1879–1947) and, 

independently, the British chemist Thomas M. Lowry 

(1874–1936) pointed out that acid–base reactions can be 

seen as proton-transfer reactions 

*An acid is the species donating a proton in a proton-

transfer reaction. 

*A base is the species accepting the proton in a proton-

transfer reaction.

*



*One can apply the Brønsted–Lowry concept to the 

reaction of HCl and NH3 dissolved in benzene, C6H6. 

*In benzene, HCl and NH3 are not ionized. 

*The eqn:

*

Here the HCl molecule is the proton donor, or acid, and the NH3

molecule is the proton acceptor, or base.

In any reversible acid–base reaction, both forward and reverse 

reactions involve proton transfers. Consider the rxn of NH3 with H2O.

In the forward reaction, NH3 accepts a proton from H2O. Thus, NH3 is a 

base and H2O is an acid. 

In the reverse reaction, NH4
+ donates a proton to OH-. 

NH4
+ ion is the acid and OH- is the base.



*Note that NH3 and NH4
+ differ by a proton; i.e. NH3

becomes the NH4
+ ion by gaining a proton, 

*whereas the NH4
+ ion becomes the NH3 molecule by losing 

a proton. 

*The species NH4
+ and NH3 are a conjugate acid–base pair.

*A conjugate acid–base pair consists of two species in an 

acid–base reaction, one acid and one base, that differ by 

the loss or gain of a proton.

*The acid in such a pair is called the conjugate acid of the 

base, whereas the base is the conjugate base of the acid

*Here NH4
+ is the conjugate acid of NH3, and NH3 is the 

conjugate base of NH4
+.

*



*Recall that a Brønsted–Lowry acid is a proton donor, and 

the base is a proton acceptor.

*A) On the left, HF is the proton donor; on the right, 

H2CO3 is the proton donor.

*The proton acceptors are HCO3- and F-. 

*

Here HCO3- and CO3
2- are a conjugate acid–base pair, as are H2O 

and OH-



*The Brønsted–Lowry concept defines a species as an 
acid or a base according to its function in the acid–
base, or proton-transfer, reaction. 

*Some species can act as either an acid or a base.

*An amphiprotic (or amphoteric) species is a species 
that can act as either an acid or a base (it can lose or 
gain a proton), depending on the other reactant.

*For eg, HCO3- acts as an acid in the presence of OH- but 
as a base in the presence of HF. 

*Anions with ionizable hydrogens, such as HCO3- and 
certain solvents, such as water, are amphiprotic.

*



*The amphiprotic characteristic of water is important in 

the acid–base properties of aqueous solutions. 

*Consider, for e.g, the rxns of water with the base NH3

and with acetic acid (HC2H3O2 or CH3COOH;).

*

In the first case, water reacts as an acid with the base NH3. In 

the second case, water reacts as a base with the acid CH3COOH



*Obs the ways in which the Brønsted–Lowry concept of 
acids and bases has greater scope than the Arrhenius 
concept. 

*In the Brønsted–Lowry concept:

*1. A base is a species that accepts protons; OH- is only 
one example of a base.

*2. Acids and bases can be ions as well as molecular 
substances

*3. Acid–base reactions are not restricted to aqueous 
solution.

*4. Some species can act as either acids or bases 
(amphoteric/amphiprotic), depending on the other 
reactant.

*



*Certain rxns have the characteristics of acid–base 

reactions but do not fit the Brønsted–Lowry concept. 

*An eg is the rxn of the basic oxide Na2O with the 

acidic oxide SO3 to give the salt Na2SO4.

*

*G. N. Lewis, who proposed the electron-pair theory of covalent 

bonding, realized that the concept of acids and bases could be 

generalized to include rxns of acidic and basic oxides and many 

other rxns, as well as proton-transfer reactions. 

According to this concept, a Lewis acid is a species that can 

form a covalent bond by accepting an electron pair from 

another species; 

a Lewis base is a species that can form a covalent bond by 

donating an electron pair to another species.



*The Lewis and the Brønsted–Lowry concepts are simply diff 

ways of looking at certain chemical rxns. Such different 

views are often helpful in devising new rxns.

*Consider again the neutralization of NH3 by HCl in aq

solution. It consists of the rxn of a proton from H3O+ with 

NH3:

*

Here, the red arrow shows the proton accepting an electron pair 

from NH3 and an H-N bond is formed. The proton is an electron-

pair acceptor, so it is a Lewis acid.

Ammonia, NH3, which has a lone pair of electrons, is an electron-

pair donor and, therefore, a Lewis base

Fractional or partial 

charge



*The rxn bn boron trifluoride and ammonia

*

*Strategy: Write the equations using Lewis electron-dot 

formulas. 

*Then identify the electron-pair acceptor, or Lewis 

acid, and the electron-pair donor, or Lewis base.

*Amines, N-containing organic cpds; considered as 
derivatives of NH3 where 1, 2 or 3 H has been substituted 
by C-containing groups

N δ+ ; B δ-



Bases are bitter

*The N atom in an amine has a lone pair of electrons that 

can be donated to form a covalent bond, so an amine is 

a Lewis base. 

*But like ammonia, an amine accepts a H+ ion from an 

acid to form an amine ion, so it is also a Brønsted–Lowry 

base:



..

..

*The rxn of ephedrine with water & HCl; which is the acid/base?

*What type of acid/base are the cpds?



*Arrhenius: 

*Acids are H+ donors, bases are OH-

*Apply to aq solutions

*Lowry-Bronsted:

*Proton transfer rxn; proton donor, proton acceptor

*Applies to non-aq solutions, gas and solid phases

*Ions and molecular cpds

*Lewis:

*Acid: can form a covalent bond by accepting an 

electron pair from another species

*Base: can form a covalent bond by donating an 

electron pair to another species

*





*The Brønsted–Lowry concept considers an acid–base 
reaction as a proton-transfer reaction. 

*It is useful to consider such acid–base reactions as a 
competition between species for protons. 

*From this perspective, one can order acids by their 
relative strengths as proton donors. 

*The stronger acids are those that lose their protons 
more easily than other acids. Similarly, the stronger 
bases are those that hold on to protons more strongly 
than other bases

*

Relative strength of an acid depends on its ability to 

dissociate to ionise



*Important: Do not confuse the words strong and weak

with the terms concentrated and dilute.

*the strength of an acid is related to the proportion of 

it which has dissociate or reacted with water to 

produce ions. 

*The concentration refs to how much of the original 

acid is dissolved in the solution

*



*When an acid dissolves in water, a proton (H+) is 

transferred to a water molecule to produce a 

hydronium ion and an anion

*These rxns are all reversible, but in some cases, the 

acid is completely dissociated that the rxn is seen as 

being one-way. The acid is virtually 100% ionised.

*



*Oxoacids

*

*The acidic H atom is always attached to an O atom, 

which, in turn, is attached to an atom Y. 

Other groups, such as O atoms or O—H groups, may also be attached to Y. 

Bond polarity is the dominant factor determining relative strengths of 

the oxoacids. 

This, in turn, depends on the electronegativity of atom Y. If the 

electronegativity of atom Y is large (e.g. F), the H—O bond is relatively 

polar and the acid strength large. 

For a series of oxoacids of the same structure, differing only in the 

atom Y, the acid strength increases with the electronegativity of Y.



*Strong acids and pH

*pH is a measure of the conc of H+ ions in a solution. 

Strong acids like HCl acid at the sort of concs in the lab 

have a pH around 0 to 1. 

*The lower the pH, the higher the conc of H+ ions in the 

solution. 

*



*Strong acids and pH

*For a strong acid e.g. HCl if the conc is 0.1 
mol/L, then the conc of H+ is the same. 

*For pH



*Weak acids

*A weak acid is one which is poorly ionized in water.

*Ethanoic acid (acetic acid) is a typical weak acid. It 

reacts with water to produce hydronium ions and 

ethanoate ions, but the reverse rxn is more successful 

than the forward one. 

*The ions react very easily to reform the acid and the 

water

*At any time, only approx 1% of the ethanoic acid 
molecules have converted into ions. The rest remain as 
simple ethanoic acid molecules.

*Most organic acids are weak. Hydrogen fluoride 
(dissolving in water to produce hydrofluoric acid) is a 
weak inorganic acid 



*The position of equilibrium of the rxn bn the acid and 

water varies from one weak acid to another. The further 

to the left it lies, the weaker the acid i.e. rxn favs the 

original reactants

*

*The acid dissociation constant, Ka

*You can get a measure of the position of an equilibrium by 
writing an equilibrium constant, Kc for the reaction. The lower 
the value for the constant, the more the equilibrium lies to 
the left.

In 1 L of solution there are 55 

moles of water



*These are all weak acids bcos the values for Ka are very 

small. They are listed in order of decreasing acid strength 

- the Ka values are  decreasing as you go down the table.

*



*
* pKa bears exactly the same relation to Ka as pH has 

with H+ conc

*

Note: The lower the value for pKa the stronger the acid
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*

HClO: hypochlorous acid, 

Hydrogen hypochrorite, 

Chloric (I) acid

HClO2: chlorous acid 

HClO3: chloric acid,

Chloric (V) acid 

HClO4: perchloric acid,

Hyperchroric acid 



*Two factors are important in determining relative acid strengths. 

*1) The polarity of the bond to which the H atom is attached. The 
H atom should have a positive partial charge (δ+): The more 
polarized the bond is in this direction, the more easily the proton 
is removed and the greater the acid strength

*Across a row of elements of the periodic table, the atomic radius 
decreases slowly. 

*For this reason, the relative strengths of the binary acids of these 
elements are less dependent on the size of atom X. Now the 
polarity of the H-X bond becomes the dominant factor in 
determining acid strength. 

*Going across a row of elements of the periodic table, the 
electronegativity increases, the H-X bond polarity increases, and 
the acid strength increases. For example, the binary acids of the 
last two elements of the second period are H2O and HF.

*

i.e. the HF molecule is more polar than H2O



*Electronegativity

*Fluorine, the most electronegative element, was assigned a 

value of 4.0 on Pauling’s scale (Linus Pauling). 

*Li, at the left end of the same period, has a value of 1.0. 

*Cs, in the same column but below Li, has a value of 0.7. 

* In general, electronegativity increases from left to right and

decreases from top to bottom in the periodic table.

*Metals are the least electronegative elements (they are 

electropositive) and nonmetals the most electronegative.



*2) The strength of the bond— i.e. how tightly the proton is 

held. This, in turn, depends on the size of atom X. The 

larger atom X, the weaker the bond and the greater the acid 

strength.

*Consider a series of binary acids, HX, compounds of Group 

VIIA elements with hydrogen : HF, HCl, HBr, and HI. 

*As one goes down the column of elements, each time adding 

a shell of electrons to the atom, the radius increases 

markedly. For this reason, the size of atom X is the dominant 

factor in determining the acid strength. 

*Down a column of elements of the periodic table, the size 

of atom X increases, the H-X bond strength decreases, and 

the strength of the binary acid increases

*



*Consider for e.g. the acids HClO, HBrO, and HIO.

* The electronegativity of Group VIIA elements decreases down the 

column, from Cl to Br to I. Bond polarity is the main factor. 

* If the electronegativity of atom Y is large, the H—O bond is relatively 

polar and the acid strength large. 

* For a series of oxoacids of the same structure, differing only in the 

atom Y, the acid strength increases with the electronegativity of Y. 

The order of acid strengths is

*For a series of oxoacids, (HO)mYOn, the acid strength increases 
with n, the number of O atoms bonded to Y (excluding O atoms in 
OH groups). 

*The oxoacids of chlorine provide an example

*



*With each additional O atom, the Cl atom becomes 

effectively more electronegative. As a result, the H

atom becomes more acidic. 

*The acid strengths increase in the following order:

*

Rem: Bond polarity is the dominant factor determining relative 

strengths of the oxoacids. 



*Consider the relative acid strengths of a polyprotic acid 

and its corresponding acid anions. 

*E.g. H2SO4 ionizes by losing a proton to give HSO4
-, 

which, in turn, ionizes to give SO4
2-. 

*HSO4
- can lose a proton, so it is acidic. 

*However, because of the negative charge of the ion, 

which tends to attract protons, its acid strength is 

reduced from that of the uncharged species. 

*That is, the acid strengths are in the order;

*HSO4
- < H2SO4

*

We conclude that the acid strength of a 

polyprotic acid and its anions decreases with 

increasing negative charge



*The mole is a unit of measurement, defined as the 

amount of any substance that contains as many 

elementary entities (e.g. atoms, molecules, ions, 

electrons) as there are atoms in 12 g of pure 12C isotope 

with rel atomic mass of exactly 12 by definition

*A commonly used unit for molar conc is mol/L (or mol

dm-3). A solution of concentration 1 mol/L is also denoted 

as 1 molar (1 M).

*1 molar = 1 M = 1 mol/L = 1 mol dm-3

*Molar concentration, or molarity (M), is defined as 

the number of moles of solute dissolved in one litre

(cubic decimeter) of solution

*



*The mole corresponds to the Avogadro constant, N which 

has a value of 6.02214129×1023 elementary entities of the 

substance

*

*

To calculate the M, you need the moles of solute. 

Therefore, you first convert grams NaNO3 to moles. 

The M equals the moles of solute divided by the L of 

solution (= 0.089 M)



*Periodic table



*e.g. 2. A sample of NaCl, weighing 0.0678 g is placed 

in a 100.0-mL volumetric flask. Enough water is 

added to dissolve the NaCl, and then the flask is 

filled to the mark with water and carefully shaken to 

mix the contents. 

*What is the molarity of the resulting solution?

*e.g. 3. An experiment calls for the addition to a 

reaction vessel of 0.184 g of NaOH, in aqueous 

solution. How many milliliters of 0.150 M NaOH

should be added?

*M relates moles of solute to volume of solution;

*first convert grams of NaOH to moles of NaOH. Then 

convert moles NaOH to litres of solution, using the 

molarity as a conversion factor. 



* In thermodynamics, the use of molar concentration is often 

not convenient, bcos the vol of most solutions slightly 

depends on temp due to thermal expansion. This problem is 

usually resolved by introducing temperature correction 

factors, or by using a temperature-independent measure of 

concentration such as molality

*Molality, sometimes also called molal concentration, is a 

measure of the conc of a solute in a solution in terms of 

amount of substance in a specified amount of mass of the 

solvent. 

*This contrasts with the definition of molarity which is based 

on a specified volume of solution.

*A commonly used unit for molality used is mol/kg. A 

solution of concentration 1 mol/kg is also sometimes 

denoted as 1 molal





*Some definitions

*A mole: The mole is a unit of measurement, defined as the amount 
of any substance that contains as many elementary entities (e.g. 
atoms, molecules, ions, electrons) as there are atoms in 12 g of 
pure 12C isotope with rel atomic mass of exactly 12 by definition. 

*This corresponds to the Avogadro constant, which has a value of 
6.0221{4129}×1023 elementary entities of the substance. 

*The mole has the unit symbol mol and corresponds with the 
dimension symbol N.

*The conc of a solution is commonly expressed by its molarity, 
defined as the number of moles of the dissolved substance per litre
(L) of solution.

*Molarity or Molar concentration is a measure of the conc of a 
solute in a solution, or of any chemical species in terms of amount 
of substance in a given volume. 

*A commonly used unit for molar conc is mol/L (or mol dm-3). A 
solution of concentration 1 mol/L is also denoted as 1 molar (1 M).

*1 molar = 1 M = 1 mol/L = 1 mol dm-3



*


