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ABSTRACT 

The chemical difference between acids and bases is that acid produce hydrogen ions and bases 

accept hydrogen ions. A base is a substance that neutralises acids. When bases are added to 

water, they split to form hydroxide ions. Different concepts have been put forth by different 

scientists to characterize acids and bases. NOCl doesn’t contain any H+ ions, but still it is 

considered as an acid. In this paper ,we will discuss its chemical properties and behavior in 

solution, the different concepts of acids and bases before delving into the reason why NOCl is 

an acid without H+ ions. 

NOCl and its chemical properties 

NOCl is a covalent compound composed of nitrogen, oxygen and chlorine atoms. 

 

Its chemical properties includes oxidizing properties, reactivity with other substances, and its 

stability under different conditions. 

NOCl exhibit oxidizing properties particularly in the presence of reducing agents. It can accept 

electron from other substance, leading to oxidation reactions. This property makes NOCl useful 

in certain chemical processes and reactions where oxidation is desired. 

NOCl is known to be thermally unstable. At elevated temperature NOCl can decompose into 

nitrogen dioxide NO2 and chlorine gas Cl2.  

2NOCl → 2NO + Cl2. 

NOCl can react with various organic compounds, leading to the introduction of nitroso 

functional group (-NO) into organic molecule. These reactions can be utilized in organic 

synthesis and the modification of organic compounds.  

NOCl is a yellowish brown gas with a pungent odor. These physical properties contribute to 

its identification and handling in laboratory settings. 

Some important concepts of acids and bases are,  

Arrhenius concept 

According to Arrhenius concept, an acid is a substance that dissociate to give hydrogen ions 

when dissolved in water. Thus, hydrogen chloride gas is an acid because when dissolved in 

water, it gives hydrogen ions. 𝐻𝐶𝑙(𝑔) + 𝑤𝑎𝑡𝑒𝑟 ⇄ 𝐻+(𝑎𝑞) + 𝐶𝑙−(aq) 

According to Arrhenius concept, a base is a substance which dissociates into hydroxyl ions 

when dissolved in water. Thus NaOH is a base because it gives hydroxyl ions in aqueous 

solution. 



𝑁𝑎𝑂𝐻 +𝑤𝑎𝑡𝑒𝑟(𝑎𝑞) ⇄ 𝑁𝑎+(𝑎𝑞) + 𝑂𝐻−(aq) 

The high dielectric constant of water lowers the force of attraction between the oppositely 

charged ions and thus causes the dissociation of the electrolyte.  

Bronsted Lowry concept 

According to Bronsted Lowry concept, an acid is defined as a substance which has a tendency 

to donate a proton to any other substance and a base as a substance which has a tendency to 

accept a proton from any other substance.  

CH3COOH (acid) + H2O(base/solvent)    ⇄      H3O
+(acid)  + CH3COO-(base) 

It is evident that acetic acid donates a proton to water and thus acts as an acid. Water accepts a 

proton and therefore, acts as a base. 

Lewis concept 

 Lewis Acid: a species that accepts an electron pair (i.e., an electrophile) and will have 

vacant orbitals 

 Lewis Base: a species that donates an electron pair (i.e., a nucleophile) and will have 

lone-pair electrons 

Lewis acids accept an electron pair. Lewis Acids are Electrophilic, meaning that they are 

electron attracting. Various species can act as Lewis acids. All cations are Lewis acids since 

they are able to accept electrons. (e.g., Cu2+, Fe2+, Fe3+) 

 An atom, ion, or molecule with an incomplete octet of electrons can act as an Lewis 

acid (e.g., BF3, AlF3). 

 Molecules where the central atom can have more than 8 valence shell electrons can be 

electron acceptors, and thus are classified as Lewis acids (e.g., SiBr4, SiF4). 

Lewis Bases donate an electron pair. Lewis Bases are Nucleophilic, meaning that they “attack” 
a positive charge with their lone pair.  An atom, ion, or molecule with a lone-pair of electrons 

can thus be a Lewis base. Each of the following anions can "give up" their electrons to an acid, 

e.g., OH−, CN−, CH3COO−, :NH3:, H2O::, CO: 

Acidic behaviour of NOCl 

Despite the absence of hydrogen ions in its structure, NOCl exhibits acidic properties when 

dissolved in water. Upon interaction with water molecule, NOCl undergoes hydrolysis to form 

nitric acid (HNO3) and hydrochloric acid (HCl) without directly releasing H+ ions.  

3NOCl + 2H2O  → HNO3 + 3HCl + 2NO 

This hydrolysis reaction indicates the ability of NOCl to donate a proton to water molecule 

resulting in the formation of acidic species. 

NOCl does not typically donate protons in the same way as acids do. However it can react with 

water in an acid- base reaction to produce ions. 

     When NOCl reacts with water, it can undergo hydrolysis, leading to the formation of nitric 

acid and hydrochloric acid . In this reaction, the nitrogen- oxygen bond in NOCl is polar, with 

https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Supplemental_Modules_(Organic_Chemistry)/Reactions/Addition_Reactions/Electrophilic_Addition_Reactions/The_Generalized_Electrophilic_Addition
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Supplemental_Modules_(Organic_Chemistry)/Reactions/Substitution_Reactions/SN2/Nucleophile
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Supplemental_Modules_(Organic_Chemistry)/Reactions/Addition_Reactions/Electrophilic_Addition_Reactions/The_Generalized_Electrophilic_Addition
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the nitrogen atom being partially positive and the oxygen atom being partially negative. Water, 

being a polar molecule, can interact as a base, accepting a proton ( H+ ) from the nitrogen atom 

of NOCl . This results in the formation of HNO3 and hydrochloric acid 𝐻𝐶𝑙. 
It’s important to note that in this reaction, NOCl doesn’t directly donate a proton to the water 

molecule but instead undergoes a hydrolysis reaction in which water acts as a base to accept a 

proton from NOCl, leading to the formation of HCl and HNO3. 

In the hydrolysis reaction mentioned earlier, water donates a pair of electrons to the partially 

positive nitrogen atom in NOCl, resulting in the formation of HCl and nitric acid. In this 

context, NOCl is behaving as a Lewis acid. 

Equilibrium constant and acid strength 

The hydrolysis reaction of NOCl establishes the equilibrium between the reactants and the 

products. The equilibrium constant for the reaction provides insights into the strength of NOCl 

as an acid. The dissociation of NOCl into nitric acid and hydrochloric acid demonstrates its 

ability to contribute to the acidity of the solution. 

Factors influencing acidic behaviour 

Various factors influence the acidic behaviour of NOCl, including concentration, temperature 

and solvent properties. The concentration of NOCl in the solution directly affects the extent of 

hydrolysis and the concentration of resulting acidic products. Temperature variations can also 

impact the rate of hydrolysis and equilibrium position of the reaction. 

Applications and significance 

NOCl finds applications in organic synthesis, chemical manufacturing and laboratory 

procedures, its acidic properties play a crucial role in chemical reactions involving diazonium 

salts and other intermediates, understanding the acidic behaviour of NOCl enhances its 

utilization in diverse chemical process and industries. 

Conclusion 

Nitrosyl chloride serves as a compelling example of an acidic compound without the direct 

involvement of hydrogen ions. Through hydrolysis, NOCl demonstrates its ability to donate 

proton to water molecules resulting in the formation of nitric acid and hydrochloric acid. The 

recognition of NOCl’s  acidic properties expands the understanding of acid – base chemistry 

and its application in various fields. 
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This paper elucidates the acidic nature of NOCl , highlighting its unique chemical behaviour 

and implications in realm of chemistry and chemical engineering. 

 



 

 

 

 

 

 

 

 

 

 

 


