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Acidity, basicity, pKa



Approximate pKa Values



pH

The pH indicates the concentration 
of protons in a solution.

The pKa the tendency of a compound
To lose its proton.

They are not the same!!



The Henderson–Hasselbalch Equation

The Henderson–Hasselbalch equation tells us 
whether (at a given pH) a compound will be 

in its acidic form (with its proton) or 
in its basic form (without its proton).



Is a Compound Neutral or Charged?

When we talk about pKa of amines, we refer to 
the protonated form, the conjugated acid.



Is a Compound Neutral or Charged?

Will be the same structure at pH = 0 and pH = 7?



A Compound with a pKa = 5.2



Is a Compound Neutral or Charged?

A carboxylic acid is 
neutral in its acidic form and charged in its basic form.

An alcohol is 
neutral in its acidic form and charged in its basic form.

An amine is 
charged in its acidic form and neutral in its basic form.



Amines and Protonated Amines



Nitrogen compounds as Acids and Bases



Nitrogen compounds as Acids and Bases



Nitrogen compounds as Acids and Bases



Carbon Acids 



Hybridization Affects Electronegativity

The strongest acid has the 
most stable (weakest) conjugate base.



Carbon Acids 



Why is a Carboxylic Acid a Stronger Acid than an 
Alcohol?

1. Inductive electron withdrawal



Why is a Carboxylic Acid a Stronger Acid than an 
Alcohol?

2. Delocalized electrons 



Substituents Affect the Strength of an Acid

inductive electron withdrawal



A Substituent’s Effect on pKa
Depends on Distance



Acidity, basicity, pKa

aqueous 
medium



Work up and isolation of a sample
B) Separation operationA) Thin layer chromatography (TLC)

C) Column chromatography D) Structure determination

- Melting point
- IR
- MS
- NMR
- X-ray



Water and Diethyl Ether Form Two Layers

Diethyl ether is less dense than 
water, so diethyl ether is on top.

Neutral compounds 
dissolve in diethyl ether.

Charged compounds 
dissolve in water.



organic organicaqueous aqueous

base

Extraction method



Lewis Acids and Bases

Lewis acid: a species that accepts a share in an electron pair
Lewis base: a species that donates a share in an electron pair 

All Brønsted acids are Lewis acids.
All Brønsted bases are Lewis bases.



Lewis Acids and Bases



Lewis Acids and Bases



How Chemists Use the Terms
“acid” = a proton-donating acid
“Lewis acid” = a non-proton-donating acid

All bases are Lewis bases 
because they have a pair of electrons they can share.



Hard Lewis acids are characterized by small ionic radii, high positive charge,
strongly solvated, empty orbitals in the valence shell and with high energy LUMOs.
Soft Lewis acids are characterized by large ionic radii, low positive charge,
completely filled atomic orbitals and with low energy LUMOs.
Hard Lewis bases are characterized by small ionic radii, strongly solvated, highly
electronegative, weakly polarizable and with high energy HOMOs.
Soft Lewis bases are characterized by large ionic radii, intermediate
electronegativity, highly polarizable and with low energy HOMOs.

In short, Hard acids and bases are small and non-polarizable,
whereas Soft acids and bases are larger and more polarizable.
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Enantiomers can have very different 
physiological properties.

Isomers



A Receptor is a Protein
Proteins are Chiral Molecules

Because a receptor is chiral, it binds one enantiomer.
A right-handed glove fits only a right hand.



The enantiomers of Thalidomide

Thalidomide was developed in west Germany and was first
marketed (as Contergan) in 1957 for insomnia, tension and morning
sickness during pregnancy.

The (+) isomer has stronger sedative properties, but the commercial
drug was racemic (contained 1:1 mixture of (+) and (-) isomers). At
that time no one knew that the (-) isomer was a teratogen – a
compound that causes congenital deformations -.



Isomers
Isomers are compounds that have the same molecular formula  

but different structures.



Different Conformations

Different conformations (conformers) of a compound 
cannot be separated.



Different Configurations

Compounds with different configurations can be separated.

Cis–trans isomers have different configurations.



Chiral Molecules

A chiral molecule has an asymmetric center.
An asymmetric center is an atom

that is attached to four different groups.



Enantiomers

The two stereoisomers are called enantiomers.
Enantiomers are different compounds: they can be separated.

Definition: Molecules that are nonsuperimposable mirror     
images of each other are called enantiomers.



Chiral and Achiral Molecules

A chiral compound has a nonsuperimposable mirror image.

An achiral compound has a superimposable mirror image.
(it and its mirror image are identical molecules).



How to Draw Enantiomers
Perspective formulas

1.- Two of the bonds center in the plane (adjacent to each other)

2.- One bond as a solid wedge protruding forward out of the paper

3.- The fourth bond as a hatched wedge extending behind the paper

!! The solid and hatched wedges must be adjacent to each other
!! The solid wedge must be below the hatched wedge



Fischer projections

How to Draw Enantiomers

1.- Horizontal lines represent the bonds that project out of the plane
toward the viewer

2.- Vertical lines represent the bonds that extend back from the plane
away from the viewer

3.- The carbon chain is usually drawn vertically, with C-1 at the top

CH3CCH2CH3
Br

H
BrH

CH3

CH2CH3



Robert Sidney Cahn (1899–1981), born in London, England, received an M.A. from Cambridge
University and a doctorate in natural philosophy in France. He edited the Journal of the Chemical
Society (London) from 1949 to 1963.

Sir Christopher Ingold (1893–1970), born in Ilford, England, was a professor of chemistry at Leeds
University (1924–1930) and at University College, London (1930–1970). In 1958 he was knighted
by Queen Elizabeth II.

Vladimir Prelog (1906–1998) was born in Sarajevo, Bosnia. In 1929 he received a
Dr. Ing. degree from the Institute of Technology in Prague, Czechoslovakia. He taught at the
University of Zagreb from 1935 until 1941, when he fled to Switzerland just ahead of the invading
German army. He was a professor at the Swiss Federal Institute of Technology (ETH). For work
that contributed to an understanding of how living organisms carry out chemical reactions, he
shared the 1975 Nobel Prize in Chemistry with John Cornforth

Cahn-Ingold-Prelog

Vladimir Prelog with R.S. Cahn and Sir Christopher
Ingold, who proposed the CIP system for the
unambiguous specification of
stereoisomers. Shown at the 1966 Burgenstock
Conference (l to r: Cahn, Ingold, Prelog).



Naming Enantiomers
Assign relative priorities to the four groups

CIP (Cahn-Ingold-Prelog) system.

1.- Rank the group (or atoms) bonded to the asymmetric center in order of priority (the higher
the atomic number, the higher the priority).

2.- The group (or atom) with the lower priority (4) has to be bonded by a hatched wedge
(pointing behind).
!! If the group (or atom) with priority (4) is not bonded by a hatched wedge:
- Interchange group (4) with the group that is bonded by a hatched wedge

3.- Draw an arrow in order of decreasing priority, 1→2→3
!! Arrow pointing clockwise = (R), rectus (right)
Arrow pointing counterclockwise = (S), sinister (left)



Naming Enantiomers

If the lowest priority group is on a hatched wedge, then

clockwise = R
and

counterclockwise = S

Draw an arrow from 1 to 2 to 3.



Naming Enantiomers

If the lowest priority group is not on a hatched wedge, 
switch a pair so it is on a hatched wedge.

Then, name the new compound.



Naming Enantiomers

If the lowest priority group is on a vertical bond, then

clockwise = R
and

counterclockwise = S



Naming Enantiomers

If the lowest priority group is on a horizontal bond, then

counterclockwise = R
and

clockwise = S



Stereochemistry

Axial chirality: an axis about which a set of substituents is held in a spatial
arrangement that is not superposable on its mirror image.





Organometallic 
Compounds



Carbon Can Be 
an Electrophile or a Nucleophile

Carbon is a nucleophile when it is attached to a metal.

Carbon is an electrophile when it is attached to 
an electron-withdrawing group.



Carbon Can Be 
an Electrophile or a Nucleophile



Carbon Can Be 
an Electrophile or a Nucleophile



Electronegativities



Many Metals Can Be Used to 
Make Organometallic Compounds

An organometallic compound contains a carbon–metal bond.

Organomagnesium and organolithium compounds 
are two of the most common organometallic compounds.



Nomenclature

Name the alkyl group, then the metal.



Organomagnesium Compounds



The Synthesis of a Grignard Reagent is Carried Out in 
an Ether Solvent

The solvent provides electrons so that magnesium can 
complete its octet.



Organolithium Compounds



Deprotonation



Halogen-metal exchange



Organomagnesium and Organolithium Compounds 
React as if They Were Carbanions



Organomagnesium and Organolithium Compounds 
Will React with a Proton of an Acidic Group

   CH3MgBr  +   H2O  m   CH4  +   HOMgBr

CH3MgBr  +   CH3OH  m   CH4  +   CH3OMgBr

CH3MgBr  +   NH3  m   CH4  +   H2NMgBr

CH3MgBr  +   CH3NH2  m   CH4  +   CH3NHMgBr

CH3MgBr  +   HC‚CH  m   CH4  +   HC‚CMgBr       

When the Grignard reagent reacts with a 
proton, it forms an alkane. 



Transmetallation

An organometallic compound will undergo transmetallation
(metal exchange) 

if a less polar carbon–metal bond will be formed.

The more polar the carbon–metal bond, 
the more reactive the organometallic compound.

2.5    1.2  =   1.3 2.5      1.5  =   1.0



Organometallics in action



Organocuprates

Organocuprates are also called Gilman reagents.



The Alkyl Group of an Organocuprate
Replaces a Halogen

A coupling reaction joins two CH-containing groups.

C-C bond forming reactions (coupling reactions)



The Alkyl Group of an Organocuprate
Replaces a Halogen

A coupling reaction joins two CH-containing groups.

C-C bond forming reactions (coupling reactions)



The Reaction of an Organocuprate
with Ethylene Oxide

The alcohol has two more carbons than 
the alkyl group of the organocuprate.

An Organocuprate is a Nucleophile


