
 
Dicarboxylic Acids. 
 

The acids containing two carboxylic groups are called dicarboxylic acids. 
The saturated dicarboxylic acid are represented by the general formula 22 )(COOHHC nn  where n = 0, 
1, 2, 3 etc. 
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According to IUPAC system, the suffix-dioic acid is added to the name of parent alkane, i.e. Alkane 
dioxic acid. 
Formula Common name IUPAC name 
HOOCCOOH Oxalic acid Ethanedioic acid 
HOOCCH2COOH Malonic acid 1-3 Propanedioic 

acid 
HOOCCH2CH2 COOH Succinic acid 1,4-Butanedioic acid 
HOOC(CH2)3COOH Glutaric acid 1,5-Pentanedioic 

acid 
HOOC(CH2)4 COOH Adipic acid 1,6-Hexanedioic acid 
 
 
Oxalic Acid or Ethanedioic Acid 

)(or)(or| 4222 OHCCOOHCOOH
COOH  
Oxalic acid is first member of dicarboxylic series. 
It occurs as potassium hydrogen oxalate in the wood sorel, rhubarb and other plants of oxalis 
group and as calcium oxalate in plants of rumex family. 
It is found in the form of calcium oxalate in stony deposits in kidneys and bladdar in human 
body. 
Oxalic acid present in tomatoes. 
 



 
 
 
 
(1) Methods of Preparation 
 
(i) By oxidation of ethylene glycol with acidified potassium dichromate 

OHCOOH
COOHO

OHCH
OHCH SOH

OCrK 2
Glycol

2

2
2|][4|

42
722    

 
(ii) By hydrolysis of cyanogen with conc. hydrochloric acid:
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(iii) By heating sodium or potassium in a current of carbon dioxide at 360°C 
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(iv) Laboratory preparation: OHCOOH
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(v) Industrial method: 2
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Sodium formate is obtained by passing carbon monoxide over fine powdered of sodium 
hydroxide. 
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The sodium oxalate thus formed is dissolved in water and calcium hydroxide is added. The precipitate of calcium oxalate is formed which is separated by filtration. It is decomposed with calculated quantity of dilute sulphuric acid. 
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(2) Physical Properties 
(i) It is a colourless crystalline solid. It consists of two molecules of water as water of 
crystallisation. 
(ii) The hydrated form has the melting point 101.5°C while the anhydrous form melts at 190°C. 
(iii) It is soluble in water and alcohol but insoluble in ether. 
(iv) It is poisonous in nature. It affects the central nervous system. 
 
(3) Chemical Properties 
(i) Action of heat:It becomes anhydrous. 
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(a) At 200°C, 2acidFormic 2)( COHCOOHCOOH   
On further heating, formic acid also decomposes. 
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(b) Heating with conc. H2SO4 
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(ii) Acidic nature 
Salt formation 
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(iii) Esterification 
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(iv) Reaction with PCl5: HClPOClCOCl
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(v) Reaction with ammonia 
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(vi) Oxidation: When oxalic acid is warmed with acidified 4KMnO . 

][53232 2442424 OOHMnSOSOKSOHKMnO   

OHCOMnSOSOKCOOH
COOHSOHKMnO

OHCOOCOOH
COOH

22442
acidOxalic 

|42
(Purple) ate permanganPot. 4

22|

8102532

52][





 

 

– H2O heat – 2H2O heat 
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Note: Oxalic acid decolourises the acidic 4KMnO solution. 
 
(vii) Reaction with ethylene glycol 
 
 
 
 
 
 
(viii) Reduction: 
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It can also be reduced electrolytically using lead cathode into glycolic acid and glyoxalic acid. 
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(ix) Reaction with Glycerol: At 100° – 110°C, formic acid is formed. At 260°, allyl alcohol is 
formed. 
 
 
(4) Uses: Oxalic acid (Polyprotic acid) is used, 
(i) In the manufacture of carbon monoxide, formic acid and allyl alcohol. 
(ii) As a laboratory reagent and as a standard substance in volumetric analysis. 
(iii) In the form of antimony salt as a mordant in dyeing and calico printing. 
(iv) In the manufacture of inks. 
(v) For removing ink stains and rust stains and for bleaching straw, wood and leather. 
(vi) In the form of ferrous potassium oxalate as developer in photography. 
 
 
(5) Analytical test 
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(i) The aqueous solution turns blue litmus red. 
(ii) The aqueous solution evolves effervescences with 3NaHCO . 
(iii) The neutral solution gives a white precipitate with calcium chloride solution. It is insoluble in 
acetic acid. 

oxalate Calcium 42eAmm.oxalat 4224aicdOxalic 422 24 )( OCaCOCNHOCH CaClOHNH     
(iv) Oxalic acid decolourises hot potassium permanganate solution having dilute sulphuric acid. 
(v) With hot conc. 42SOH , it evolves carbon monoxide which burns with blue flame. 
 
Malonic Acid or Propane-1,3-Dioic Acid :  COOH

COOHCH 2  or 22 )(COOHCH or )( 443 OHC  
The acid occurs as calcium salt in sugar beet. It was so named because it was first obtained from 
malic acid (hydroxy succinic acid) by oxidation. 
 
 
 
 
(1) Methods of Preparation: From acetic acid 
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(2) Physical Properties 
 
(i) It is a white crystalline solid. 
(ii) It's melting point is 135°C. 
(iii) It is soluble in water and alcohol but sparingly soluble in ether. 
 
 
(3) Chemical Properties 
(i) Action of heat 
(a) Heating at 150°C: 2322 )( COCOOHCHCOOHCH   
(b) Heating with P2O5 :   OHOCCCOO
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(ii) Reaction with aldehyde: With aldehydes, - unsaturated acids are formed. 
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(4) Uses: Its diethyl ester (malonic ester) is a valuable synthetic reagent for preparation of a 
variety of carboxylic acids. 
Succinic Acid or Butane-1, 4-Dioic Acid: COOHCH

COOHCH
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It was first obtained by the distillation of yellow fossil, resin, amber and hence its name (Latin, 
Succinum = amber). 
It is also formed in small amount during the fermentation of sugar. 
 
 
 
 
 
 
 
 
(1) Methods of Preparation 
(i) From ethylene:
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(ii) From maleic acid [catalytic reduction]: COOHCH
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Note: This is an industrial method. 
 
(iii) Reduction of tartaric acid or malic acid:
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(2) Physical properties 
 
(i) It is a white crystalline solid. It melts at Co188  
 
(ii) It is less soluble in water. It is comparatively more soluble in alcohol. 
 



 
 
(3) Chemical Properties:Succinic acid gives the usual reactions of dicarboxylic acid, some 
important reactions are : 
 
(i) Action of heat: At 300°C 
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(ii) With ammonia:

NH
COCH
COCH

CONHCH
CONHCH

COONHCH
COONHCH

COOHCH
COOHCH NHOH

NH

eSuccinimid

2

2

heat

eSuccinamid

22

22

heat

succinate Ammonium

42

42

2

2
||||

32
3

      

 
 
(iii) Reaction with Br2: 
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(iv) Reaction with ethylene glycol 
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OHOHCOCHOCOCHOCHCOCHHOOC n 2Polyester222222 ])([)(   
When sodium or potassium salt in aqueous solution is electrolysed, ethylene is obtained at anode. 
 
 
(4) Uses: It finds use in volumetric analysis, medicine and in the manufacture of dyes, perfumes and 
polyester resins. 

– H2O 



Adipic Acid or Hexane-1,6 –Dioic Acid : COOHCHCH
COOHCHCH
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It was first obtained by the oxidation of fats (Latin, adeps = fat.) 
(1) Methods of Preparation 
(i) From benzene 
 
 
 
 
 
Note: It is an industrial method. 
 
(ii) From tetrahydrofuran (THF) 
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(2) Physical Properties 
(i) It is a white crystalline solid. Its melting point is 150°C. 
(ii) It is fairly soluble in alcohol and ether but less soluble in water. 
 
 
(3) Chemical Properties 
It shows all the general reaction of dicarboxylic acids. 
 
(i) Action of heat 
 
 
 
 

H2 
Catalyst 

Benzene Cyclohexane 

O2 
H3BO3, heat 

Cyclohexanol 

OH 
HNO3 
SeO3 

Cyclohexanone 

O 
HNO3 HOOC – (CH2)4 – COOH 

Adipic acid 

HOOC(CH2)4COOH 
   Adipic acid 

heat  

300°C 

H2C 
       | 

C 

C 

H2 

H2 
Cyclopentanone  

C = O + CO2+ H2O 



 
 
(ii) Formation of Nylon-66 [Reaction with hexa methylene diamine] 
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(4) Uses: It is used in the manufacture of several polymers. 
 
Unsaturated Acids:When the double bond presents in the carbon chain of an acid is called 
unsaturated acid. 
Example: 
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Acrylic Acid or Prop-2-Enoic Acid: COOHCHCH 2 or )( 243 OHC  
(1) Methods of Preparation 

(i) From allyl alcohol:
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(ii) By oxidation of acrolein: CHCOOHCHOCHCHOCH OHNH
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(iii) From propionic acid: 
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(iv) By heating -hydroxy propionic acid: COOHCHCHCOOHCH
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(v) From vinyl cyanide 
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(vi) From ethylene cyanohydrins 
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Industrial method:This is a new method of its manufacture. 
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(2) Physical Properties 
It is colorless pungent smelling liquid. Its boiling point is 141°C. 
It is miscible with water, alcohol and ether. 
 It shows properties of an alkene as well as of an acid. 
 
 



(3) Chemical Properties 
(i) With nascent hydrogen (Na and C2H5OH): COOHCHCHHCHCOOHCH Ni

232 ][2   
 
(ii) With halogens and halogen acids: Markownikoff's rule is not followed. 
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(iii) Oxidation: In presence of dilute alkaline KMnO4. 

acidGlyceric 222 ][ OHCHOHCOOHCHOHOCHCOOHCH   
Note: On vigorous oxidation, oxalic acid is formed. 
 
(iv) Salt formation: OHKOCHCOCHKOHCHCOOHCH 222    
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(v) Ester formation:
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(vi) With PCl5: 

chlorideAcryl 252 COClCHCHPClCHCOOHCH   
 
(4)Uses:Its ester are used for making plastics such as Lucite and plexiglass. 
 


