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Acid hydrolysis 

In  organic chemistry,  acid hydrolysis  is a  hydrolysis  process in which a  protic acid  is used 
to catalyze the cleavage of a chemical bond via a nucleophilic substitution reaction, with the addition of 
the elements of water (H2O). For example, in the conversion of cellulose or starch to glucose. For the 
case of  esters  and  amides, it can be defined as an acid catalyzed  nucleophilic acyl 
substitution reaction.

The term is also applied to certain  nucleophilic addition  reactions, such as in the acid catalyzed 
hydrolysis of nitriles to amides. Acid hydrolysis does not usually refer to the acid catalyzed addition of 
the elements of water to double or triple bonds by  electrophilic addition  as may originate from 
a hydration reaction.

Acid hydrolysis is used to prepare other chemicals, such as:

• Monosaccharide
• Hydrochloric acid
• Sulfuric acid
• Trifluoroacetic acid
• Formic acid
• Nitric acid

Acid hydrolysis can be utilized in the pretreatment of cellulosic material, so as to cut the interchain 
linkages in hemicelluose and cellulose.

Alkaline hydrolysis 

Alkaline hydrolysis, in organic chemistry, usually refers to types of nucleophilic substitution reactions 
in which the attacking nucleophile is a hydroxide ion.
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Example 

In the alkaline  hydrolysis  of  esters  and  amides  the hydroxide ion nucleophile attacks 
the carbonyl carbon in a nucleophilic acyl substitution reaction. This mechanism is supported by isotope 
labeling experiments. For example, when ethyl propionate with an oxygen-18  labeled ethoxy group is 
treated with  sodium hydroxide  (NaOH), the oxygen-18 is completely absent from the  sodium 
propionate product and is found exclusively in the ethanol formed.

Uses 

The reaction is often used to turn solid organic matter into a liquid form for easier disposal. Drain 
cleaners  take advantage of this method to dissolve hair and fat in pipes. The reaction is also used 
to dispose of human and other animal remains as an alternative to traditional burial or cremation.

Enzymatic hydrolysis 

Enzymatic  hydrolysis  is a process in which  enzymes  facilitate the cleavage of bonds 
in molecules with the addition of the elements of water. It plays an important role in the digestion of 
food.

It may be used to help provide renewable energy, as with cellulosic ethanol.

Acid catalysis 
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In acid-catalyzed Fischer esterification, the proton binds to oxygens and functions as 
a Lewis acid  to activate the ester carbonyl  (top row) as an electrophile, and converts 
the  hydroxyl  into the good  leaving group  water (bottom left). Both lower the kinetic 
barrier and speed up the attainment of chemical equilibrium.
In  acid catalysis  and  base catalysis, a  chemical reaction  is  catalyzed  by an  acid  or a  base. 
By Brønsted–Lowry acid–base theory, the acid is the proton (hydrogen ion, H+) donor and the base is 
the proton acceptor. Typical reactions catalyzed by proton transfer are  esterfications  and  aldol 
reactions. In these reactions, the conjugate acid of the carbonyl group is a better electrophile than the 
neutral carbonyl group itself. Depending on the chemical species that act as the acid or base, catalytic 
mechanisms can be classified as either  specific catalysis  and  general catalysis. 
Many enzymes operate by general catalysis.

Applications and examples 

Brønsted acids

Acid catalysis is mainly used for organic chemical reactions. Many acids can function as sources for the 
protons. Acid used for acid catalysis include hydrofluoric acid  (in the alkylation process), phosphoric 
acid, toluenesulfonic acid, polystyrene sulfonate, heteropoly acids, zeolites.

Strong acids catalyze the hydrolysis and  transesterification  of  esters, e.g. for processing fats 
into  biodiesel. In terms of mechanism, the carbonyl oxygen is susceptible to protonation, which 
enhances the electrophilicity at the carbonyl carbon.

Solid acid catalysts

Zeolite, ZSM-5 is widely used as a solid acid catalyst.
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In industrial scale chemistry, many processes are catalysed by "solid acids". Solid acids do not dissolve 
in the reaction medium. Well known examples include these oxides, which function as Lewis acids: 
silico-aluminates (zeolites,  alumina, silico-alumino-phosphate), sulfated zirconia, and many transition 
metal oxides (titania, zirconia, niobia, and more). Such acids are used in cracking. Many solid Brønsted 
acids are also employed industr ial ly, including  sulfonated polystyrene, sulfonated 
carbon, solid phosphoric acid, niobic acid, and heteropolyoxometallates.

A particularly large scale application is  alkylation, e.g., the combination of benzene and ethylene to 
give  ethylbenzene. Another major application is the rearrangement of  cyclohexanone 
oxime  to  caprolactam. Many alkylamines  are prepared by amination of alcohols, catalyzed by solid 
acids. In this role, the acid converts, OH−, a poor leaving group, into a good one. Thus acids are used to 
convert alcohols into other classes of compounds, such as thiols and amines.

Mechanism 

Two kinds of acid catalysis are recognized, specific acid catalysis and general acid catalysis.

Specific catalysis

In specific acid catalysis, protonated solvent is the catalyst. The  reaction rate  is proportional to 
the concentration of the protonated solvent molecules SH+. The acid catalyst itself (AH) only contributes 
to the rate acceleration by shifting the chemical equilibrium between solvent S and AH in favour of the 
SH+ species. This kind of catalysis is common for strong acids in polar solvents, such as water.

For example, in an aqueous buffer solution the reaction rate for reactants R depends on the pH of the 
system but not on the concentrations of different acids.

This type of chemical kinetics  is observed when reactant R1  is in a fast equilibrium with its conjugate 
acid R1H+ which proceeds to react slowly with R2  to the reaction product; for example, in the acid 
catalysed aldol reaction.

General catalysis

In general acid catalysis all species capable of donating protons contribute to reaction rate acceleration.
[7] The strongest acids are most effective. Reactions in which proton transfer is rate-determining exhibit 
general acid catalysis, for example diazonium coupling reactions.

When keeping the pH at a constant level but changing the buffer concentration a change in rate signals 
a general acid catalysis. A constant rate is evidence for a specific acid catalyst. When reactions are 
conducted in nonpolar media, this kind of catalysis is important because the acid is often not ionized.

Enzymes catalyze reactions using general-acid and general-base catalysis.
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