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Abstract 

The earlier study of the author (Mallick13) shows that chloroform reacts with nitric acid to 

form chloroformaldehyde. The objective of the present study is to investigate the nature of 

chemical reaction between chloroformaldehyde and n-butanol.  

  

Detailed investigation clearly indicates that chloride ion is formed during the chemical 

reaction between chloroformaldehyde and n-butanol. 1HNMR spectrum of the product does 

not show the characteristic peak of alcoholic −𝑂𝐻 group. 

 

On the basis of experimental studies and 1HNMR spectroscopy analysis, a probable 

mechanism is proposed to explain the reaction between chloroformaldehyde and n-butanol. 

The mechanism shows that n-butyl formate is formed during the reaction between 

chloroformaldehyde and n-butanol 
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Introduction 

Properties and applications of chloroform are well documented in the literature1-4. Thermo-
chemical properties of chloroform have been developed and documented by Chase M.W5. 

Barta, Kooner, et al.6 studied details of thermodynamics of complex formation in chloroform 

and other organic compounds. Similar studies on complex formation in chloroform-benzene 

mixture are also documented7. Al'per, Peshekhodov, et al8. studied details of intermolecular 

interactions on chloroform-acetone system. Heat capacity, thermal and volumetric properties 

of chloroform have been studied by several researchers9-12. The study of Mallick13 shows that 

nitric acid treatment on chloroform gives rise to chloroformaldehyde. Mallick14 also showed 

that chloroformaldehyde on reaction with benzoyl peroxide produces chlorobenzyl formate. 
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The present paper deals with a detailed study of the reaction between chloroformaldehyde 

and 𝑛 −butanol at high temperature under reflux. It is believed that 𝑛 −butanol acts as 

nucleophile and supports the 𝐶 −atom of chloroformaldehyde to form a transition state, 

which is eventually converted to 𝑛 −butyl formate with the liberation of chloride ion. 

 

Material and Methods 

(a) Chloroform: Laboratory Grade chloroform is used. 

 

(b) Preparation of 1: 1 nitric acid:  50 𝑚𝑙 double distilled water is taken in a 

250 𝑚𝑙 beaker. 50 𝑚𝑙 Laboratory Grade concentrated nitric acid is added slowly to it. So 

100 𝑚𝑙 1:1 nitric acid is prepared.  

 

(c) 𝑛 − 𝑏𝑢𝑡𝑎𝑛𝑜𝑙:  Laboratory Grade 𝑛 − 𝑏𝑢𝑡𝑎𝑛𝑜𝑙 is used.  

 

(d)  (𝑁 50⁄ ) 𝐴𝑔𝑁𝑂3 solution:  Laboratory Grade silver nitrate powder is used to 

prepare 100 𝑚𝑙 (𝑁 50⁄ ) 𝐴𝑔𝑁𝑂3 solution using double distilled water.  

 

(e) 1(𝑁) 𝑁𝐻4𝑂𝐻 Solution:  ACS grade concentrated 𝑁𝐻4𝑂𝐻 solution is used to prepare 50 

mL 1(𝑁) 𝑁𝐻4𝑂𝐻 solution using double distilled water. 

 

(f) 1HNMR study was conducted by JEOL 400 MHz NMR spectrometer. 

Procedure  

  

(a) 100 𝑚𝑙 laboratory grade chloroform is taken in a reflux apparatus. 100 𝑚𝑙 1: 1 nitric acid 

is added to it. The mixture is heated to about 90℃ for 45 𝑚𝑖𝑛 under reflux. The heater is put 

off and the mixture is then cooled to room temperature under reflux. The mixture is collected 

and kept in a refrigerator for 1 ℎ𝑟. Two layers, organic and aqueous, are quite distinct. The 

heavier organic layer forms the bottom layer and lighter aqueous layer forms the top layer. 

These two layers are separated by using a separating funnel. The bottom layer is 

chloroformaldehyde13. 

(b) 60 𝑚𝑙 of the collected chloroformaldehyde is taken in a reflux apparatus. 60 𝑚𝑙 of 𝑛 −
𝑏𝑢𝑡𝑎𝑛𝑜𝑙 is added to it. The mixture remains homogeneous. Then 2 𝑚𝑙 1: 1 nitric acid is 

added to it. The two-layer heterogeneous mixture is formed. Heavier organic layer forms the 

bottom layer. The mixture is heated to about 90℃ for 45 𝑚𝑖𝑛 under reflux. The heater is put 

off and the mixture is then cooled to room temperature under reflux. The two layers are 

separated using a separating funnel and the organic layer is collected in a stoppered reagent 

bottle.  

(c) 10 𝑚𝑙 of the sample (organic layer) is taken in another 100 𝑚𝑙 beaker. Freshly prepared 

2 𝑚𝑙 (𝑁 50⁄ ) silver nitrate solution is added to it. Shake the mixture for a while. A white 

precipitate is obtained in the organic layer and the precipitate is readily dissolved by adding 

freshly prepared 1(𝑁) 𝑁𝐻4𝑂𝐻 solution.  

(d) The other part of the sample is used to study 1HNMR spectroscopy using JEOL 400 MHz 

NMR spectrometer. 
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Results and Discussion 

Chloroform is colourless and possesses a characteristic sweet smell. After treatment with 1: 1 

nitric acid chloroform is converted to chloroformaldehyde13 without any characteristic smell. 

The organic layer, collected after reaction between chloroformaldehyde and 𝑛 −butanol, 

gives white precipitate on addition of freshly prepared 𝐴𝑔𝑁𝑂3 solution and the precipitate is 

readily dissolved in ammonium hydroxide solution. The observation suggests that chloride 

ion (𝐶𝑙−) is formed during the reaction between chloroformaldehyde and 𝑛 −butanol. 

It is documented15-17 that 1HNMR spectrum of 𝑛 −butanol has a characteristic peak of −𝑂𝐻 

group at around 2.25 𝑝𝑝𝑚. However, this characteristic peak of alcoholic −𝑂𝐻 group is 

absent in the 1HNMR spectrum of the present sample as shown in the Fig.1. The spectrum 

also shows that there is a singlet peak at 7.247 𝑝𝑝𝑚. This is believed to be due to 𝐻 −atom 

of 𝐻𝐶 −group of the product molecule. As the 𝐶 −atom is sufficiently electron deficient, 

strong downfield shifting is observed. 

Considering the above facts a mechanism of the reaction between chloroformaldehyde and 

𝑛 −butanol is proposed, showing the formation of 𝑛 −butyl formate. The proposed 

mechanism is illustrated in the Fig.2 

 

 

Fig.1 Proton HNMR spectrum of the reaction product sample. 
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Fig.2 Probable mechanism of the reaction between chloroformaldehyde and 𝑛 −butanol. 
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