






















































































































Hydrogenation

Hydrogenation is a chemical reaction between molecular hydrogen (H2) and 

another compound or element, usually in the presence of a catalyst such 

as nickel, palladium or platinum.

The process is commonly employed to reduce or saturate organic compounds. 

Hydrogenation typically constitutes the addition of pairs of hydrogen atoms to a 

molecule, often an alkene.

Catalysts are required for the reaction to be usable; non-catalytic hydrogenation 

takes place only at very high temperatures. Hydrogenation takes place only at very high temperatures. Hydrogenation 

reduces double and triple bonds in hydrocarbons



Substrates for and products of hydrogenation

Substrate Product Comments

R2C=CR'2

(alkene)

R2CHCHR'2
(alkane)

large application is production 

of margarine

RC≡CR'

(alkyne)

RCH2CH2R'

(alkane)

semihydrogenation gives cis-

RHC=CHR'

RCHO RCH OH often employs transfer RCHO

(aldehyde)

RCH2OH

(primary alcohol)

often employs transfer 

hydrogenation

R2CO

(ketone)

R2CHOH

(secondary alcohol)

often employs transfer 

hydrogenation

RCO2R'

(ester)

RCH2OH + R'OH

(two alcohols)

often applies to production 

of fatty alcohols

RCO2H

(carboxylic acid)

RCH2OH

(primary alcohol)
applicable to fatty alcohols

RNO2

(nitro)

RNH2

(amine)
major application is aniline[5][6]



Catalysts

�With rare exceptions, H2 is unreactive toward organic compounds in the absence 

of metal catalysts. The unsaturated substrate is chemisorbed onto the catalyst, 

with most sites covered by the substrate. In heterogeneous catalysts, hydrogen 

forms surface hydrides (M-H) from which hydrogens can be transferred to the 

chemisorbed substrate.

�Platinum, palladium, rhodium, and ruthenium form highly active catalysts, which 

operate at lower temperatures and lower pressures of H2. 

�Non-precious metal catalysts, especially those based on nickel (such as Raney 

nickel and Urushibara nickel) have also been developed as economical alternatives, nickel and Urushibara nickel) have also been developed as economical alternatives, 

but they are often slower or require higher temperatures. 

Catalysts are usually classified into two broad classes: homogeneous 

catalysts and heterogeneous catalysts. Homogeneous catalysts dissolve in the 

solvent that contains the unsaturated substrate. Heterogeneous catalysts are solids 

that are suspended in the same solvent with the substrate or are treated with 

gaseous substrate.
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