
Organic acids and bases 

An organic acid is an organic compound with acidic properties. The most common organic 

acids are the carboxylic acids, whose acidity is associated with their carboxyl group –

COOH. Sulfonic acids, containing the group –SO2OH, are relatively stronger acids. Alcohols, 

with –OH, can act as acids but they are usually very weak. 

Acording to Bronsted acids are proton donors and according to Lewis acids are electron pair 

acceptors. As well as: Bronsted base = proton acceptor, Lewis base = electron pair donor. 

An acid HB is ionizes by following 

A conjugate base is obtain when remove a proton (H+) from a compound. For instance, 

HO– is the conjugate base of water. O2- is the conjugate base of HO–. Conversely, 

conjugate acids are what you obtain when you add a proton to a compound. The conjugate 

acid of water is H3O
+. 

According to this, anything which stabilizes the conjugate base will increase the 

acidity. Therefore pKa is also a measure of how stable the conjugate base is. Put another 

way, strong acids have weak conjugate bases, and vice versa. 

Factors Affecting the Acidity of Organic Compounds 

(1) Charge 

Removal of a proton, H+ , decreases the formal charge on an atom or molecule by one unit. This 

is, of course, easiest to do when an atom bears a charge of +1 in the first place, and becomes 

progressively more difficult as the overall charge becomes negative. The acidity trends reflect 

this: 
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 (2)The Role of the Atom 

This point causes a lot of confusion due to the presence of two seemingly conflicting trends. 

Here’s the first point: acidity increases as we go across a row in the periodic table. This makes 

sense, right? It makes sense that HF is more electronegative than H2O, NH3, and CH4 due to the 

greater electronegativity of fluorine versus oxygen, nitrogen, and carbon. A  fluorine bearing a 

negative charge is a happy fluorine. 

But here’s the seemingly strange thing. HF itself is not a “strong” acid, at least not in the sense 

that it ionizes completely in water. HF is a weaker acid than HCl, HBr, and HI. What’s going on 

here? 

 

The first reason has to do with the shorter (and stronger) H-F bond as compared to the larger 

hydrogen halides. The second has to do with the stability of the conjugate base. The fluoride 

anion, F(–) is a tiny and vicious little beast, with the smallest ionic radius of any other ion 

bearing a single negative charge. Its charge is therefore spread over a smaller volume than those 

of the larger halides, which is energetically unfavorable: for one thing, F(–) begs for solvation, 

which will lead to a lower entropy term in the ΔG. 



 (3) Resonance 

A huge stabilizing factor for a conjugate base is if the negative charge can be delocalized through 

resonance. The classic examples are with phenol (C6H5OH) which is about a million times more 

acidic than water, and with acetic acid (pKa of ~5). 

 

 Acidity Assisted by Resonance to Neighbouring Unsaturated Groups 

 

Hydrogens bonded to a carbon adjacent to one or more unsaturated groups are acidic. This 

carbon is known as the α-carbon, whilst its hydrogen is known as the α-hydrogen. Deprotonation 

of α-hydrogens results in the formation of carbanion, called the α-carbanion. Overall, this type of 

acid is known as carbon acid. 
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The reason α-hydrogens are acidic is because their conjugate bases are stabilised through 

conjugation with the unsaturated groups. For example, in butanone: 

it isn’t enough for a π system to simply be adjacent to a proton – the electrons of the conjugate 

base have to be in an orbital which allows for effective overlap. 

 

(4) Inductive effects 

Electronegative atoms can draw negative charge toward themselves, which can lead to 

considerable stabilization of conjugate bases. Check out these examples: 

 



 

Predictably, this effect is going to be related to two major factors: 1) the electronegativity of the 

element (the more electronegative, the more acidic) and the distance between the electronegative 

element and the negative charge. 

(5) Orbitals 

Again, the acidity relates nicely to the stability of the conjugate base. And the stability of the 

conjugate base depends on how well it can accomodate its newfound pair of electrons. In an 

effect akin to electronegativity, the more s character in the orbital, the closer the electrons will be 

to the nucleus, and the lower in energy (= stable! ) they will be. 
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Solution 
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(6) Aromaticity 

We know that there are aromatic and anti aromatic compounds. Aromaticity stabilises 

compounds and therefore making acids stronger. If a compound releases an aromatic conjugate 

base, the aromaticity stabilises the conjugate base, which make the compound a stronger acid. If 

the released conjugate base is anti aromatic, the anti aromaticity destabilises the conjugate base, 

making the compound a weaker acid. 

 

 

The conjugate base of cyclopropene is anti aromatic and therefore very unstable. On the other 

hand, the conjugate base of cycloheptatriene is not planar, making it neither aromatic nor anti 

aromatic, and therefore unstable. This makes the pKa value of both compounds very large. 



Having an anti aromatic conjugate base, cyclopropene is therefore the most unstable of the two. 

Therefore, cycloheptatriene has smaller pKa than cyclopropene. 

On the other hand, the conjugate base of cyclopentadiene is aromatic, making it very stable and 

dramatically more acidic than the other two. It is about 23 orders of magnitude more acidic than 

cycloheptatriene and 45 orders of magnitude more acidic than cyclopropene! 

 

(7) Solvation 

A species is considered an acid if it is able to separate its proton from its conjugate base. In order 

to do that, solvent plays a great role. In the absence of solvent, it is hard to separate a positive 

charge (proton) from a negative charge (conjugate base). This separation is greatly assisted by 

solvent; the solvent molecules orient themselves around the solute, separating the oppositely 

charged species. This process is known as solvation. 

 

Solvent that can better stabilise the conjugate base of a neutral acid makes it a stronger acid. The 

ability of the solvent to stabilise the conjugate base depends on many things. One of which is the 

molecular structure of the acid/conjugate base itself. 

 

 



 

The bulkiness of the methyl groups hampers the solvation of the conjugate bases by solvent 

molecules. This destabilises the conjugate bases, making the compounds increasingly less acidic 

as bulkiness increases. Therefore, aside from the effect of EDG in those examples, solvent also 

affects their acidity. 

 

The solvent itself is also an important factor. The pKa values I have shown you in the pKa table 

are mostly measured relative to water as a solvent. The pKa of some compounds are also 

measured in (dimethylsulfoxide) DMSO, and as you may have guessed, their values are different 

to those measured in water. Here are a few examples: 

 

 

 

Organic Bases 

An organic base is an organic compound which acts as a base. Organic 

bases are usually Lewis bases that can donate lone pair of electron.  

Factors affecting strength of organic bases 

(1) Charge: A postive formal charge on the electron donating atom will DECREASE its 

electron density, making it less likely to form a bond with a hydrogen proton. A 

NEGATIVE formal charge on the electron donating atom will INCREASE its electron 

density, making it more likely to form a bond with a hydrogen proton 



(2)  Electronegativity: When an atom has greater electronegativity, this means that the 

atom is greedier for electrons.If the atom donating electrons to the proton has a high 

electronegativity, then the molecule containing that atom has a lower basicity.    

Ex: NH3 vs F- The electron donating atoms are N and F-. Because F has a higher 

electronegativity than N, it is less willing to donate electrons to the proton. This reduces 

the likelihood that F will form bonds with H, meaning that F is the less basic out of the 

two. 

(3) Hybridisation: The order of basicity is SP3>SP2>SP. Higher the S character higher 

the electronegativity and lower will be basicity. 

(4)    Atomic size: Atoms with smaller atomic radius’s will have greater electron 

density, increasing basicity. Atoms with larger atomic radius’s will have less electron 

density, reducing basicity. F- has a greater electron density than BrTherefore, Br- is less 

basic than F-. 

(5)   Inductive effect: Inductive effect is when other atoms within the molecule can 

take or give electrons from the atom donating electrons to a proton. …Atoms that do not 

donate electrons to protons can influence basicity as well. 

(6)  Resonance: Resonance usually DELOCALIZES electrons from the atom, thus 

REDUCING electron density. This causes the molecule to have lower basicity. If a basic 

atom is not involved in resonance, then resonance has no impact on the molecule’s 

basicity! This is because the atom’s electron density is not delocalized.



 

 

Proton Sponge: 

Compound shows unusual basicity called proton sponge. Such as 1,8-Bis(dimethylamino)naphthalene . 



Nucleophilicity Vs Basicity 

First of all, remember that basicity is a subset of nucleophilicity. All nucleophiles are Lewis 

bases; they donate a lone pair of electrons. A “base” (or, “Brønsted base”) is just the name we 

give to a nucleophile when it’s forming a bond to a proton (H+). To summarize, when we’re 

talking about basicity and nucleophilicity, we’re talking about these two types of events. 

Basicity: nucleophile attacks hydrogen 

Nucleophilicity: nucleophile attacks any atom other than hydrogen. Because we’re talking about 

organic chemistry here, for our purposes, this is going to mean “carbon” most of the time. 

Understanding Basicity 

So how do reactions of nucleophiles at hydrogen differ from reactions of nucleophiles at carbon? 

Well, they’re more easily reversible, for one thing. We can measure acidity (and, by extension, 

basicity) through the measure known as pKa, which is a reflection of the position of the 

equilibrium between an acid and its conjugate base. 

 

Because we can measure the equilibrium constants for reversible acid-base reactions, we can get 

a fairly good idea of the relative strengths of acids and bases. There’s some complications; 

solvent effects can play a role in stabilities, for instance*  but overall, the pKa table is our friend. 

https://www.masterorganicchemistry.com/2010/06/18/know-your-pkas/


It’s a great “reactivity ladder” to hang our hats on. 

We talked about what made species strong bases a few posts ago – it’s here. The bottom line is 

that the more unstable a lone pair of electrons is, the more basic it will be (and vice versa). 

Understanding Nucleophilicity 

And then there’s nucleophilicity. How is nucleophilicity different from basicity? Well, since it’s 

not limited to simply forming a bond to hydrogen anymore, this leads to some extra 

complications. Let’s just talk about the measurement problem first. 

Many reactions of nucleophiles are not reversible. A bond forms, a bond breaks, and that’s the 

end of the reaction. The problem with this from a measurement standpoint is that we often can’t 

determine an equilibrium constant for a reaction. And if we can’t do that, then we can’t develop 

a reactivity scale based on equilibria. 

If we can’t measure equilibria, then what do we do? Well, we use the next best measurement 

available: to measure reaction rates. 

There’s one important thing to remember with reaction rates. They don’t always reflect overall 

stability. There are a few more variables at play here. 

https://www.masterorganicchemistry.com/2012/04/25/walkthrough-of-acid-base-reactions-3-acidity-trends/


Factor #1: Steric hindrance. Reactions where nucleophiles attack carbon-based electrophiles 

are significantly more sensitive to steric effects, because empty orbitals on carbon are not as 

accessible. Steric hindrance is like a fat goalie. 

Factor #2: Solvents. The medium (solvent) in which a reaction takes place can greatly affect the 

rate of a reaction. Specifically, the solvent can greatly attenuate (reduce) the nucleophilicity of 

some Lewis bases through hydrogen bonding. 
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SHAB principle 

The HSAB (Hard Soft Acid Base) theory categorizes chemical species as acids or bases and as 

“hard”, “soft”, or “borderline”. It explains that soft acids or bases tend to be large and very 

polarizable, while hard acids or bases are small and non-polarizable. Since these categories are 

not absolute, there are species that are considered borderline, which lie in between hard and soft. 

Generally, we could characterize hard acids and bases as having: 

1. Small atomic radii 

2. Low polarizability 

3. High positive charge  

4. High electronegativity (base) 

5. High charge density 

6. High oxidation state 

A hard acid or base may have some or all of these characteristics, but the hard-soft distinction is 

most directly linked to polarizability. Polarizability is the relative tendency of the electron cloud 

to be distorted from its normal shape. 

For a stable adduct hard acid prefer hard base and a soft acid prefer soft base. 


