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HEAT OF COMBUSTION OF SOME SATURATED 

DICARBOXYLIC ACIDS FROM GROUP CONTRIBUTIONS 
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abstract: The heat of combustion of nine saturated dicarboxylic acids were determined using an 

oxygen bomb calorimeter according to standard method. The experimental results were compared 

with theoretical data obtained from Handrick group contribution method. For all nine saturated 

dicarboxylic acids, calculated and measured heat of combustion differ only ±1,7% on average. 

Introduction 

Several approaches have been taken to calculate the heat of combustion based on the 
molecular structure of a material [1÷3]. Oxygen consumption is a commonly used method 

for calculating the heat of combustion from known chemical structures and for measuring 
heat release rates in flaming combustion tests [4]. 

The additivity of molar group contributions to the physical and chemical properties of 

materials is the basis of an empirical methodology for relating chemical structure to 

properties. The early work in this area focused on calculating heats of combustion from the 
individual atoms comprising small molecules. However, performing calculations for large 

molecules based on the interactions of the individual atoms can prove to be very difficult. 

Experimental  

In this paper are studied a series of nine saturated dicarboxylic acids. Although the 
dicarboxylic acids do not occur in appreciable amounts as components of animal or vegetal 

lipids, they are in general important metabolic products of fatty acids since they originate 

from them by oxidation. Dicarboxylic acids are suitable substrates for preparation of 
organic acids for the pharmaceutical and food industries. They have the general type 

formula: 

HOOC – (CH2)n – COOH 

The heat of combustion (internal energy change, ∆U) was measured in an oxygen bomb 

calorimeter model Gallenkamp, according to a standard procedure ASTM D 2382-88 [5]. 
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For general combustion reaction: 

 ( ) ( ) ( ) ( )1 m m
C H O s 2n 4 O g nCO g H O ln m 4 2 2 22 2 2

 
+ + − → + 

 
 

the molar enthalpy of combustion was calculated with relation: 

 0 0

gasc cH U RT n∆ = ∆ + ∆  (1) 

where ∆ngas is the change in the number of moles of gas in the system: 

 gas 2
4

m
n∆ = −  (2) 

Results and discussion 

Many experimental results allowed choosing the models of calculus for different organic 

compounds. 

The structures and molecular weight of saturated dicarboxylic acids are presented in Table 1. 

Table 1. The structure of dicarboxylic acids studied 

no. Name Structure Molecular weight 

1 Malonic acid HOOC CH
2

COOH
 

104.03 

2 Succinic acid HOOC (CH
2
)
2

COOH
 

118.05 

3 Glutaric acid HOOC (CH
2
)
3

COOH
 

132.06 

4 Adipic acid HOOC (CH
2
)
4

COOH
 

146.08 

5 Pimelic acid HOOC (CH
2
)
5

COOH
 

160.10 

6 Suberic acid HOOC (CH
2
)
6

COOH
 

174.11 

7 Azelaic acid HOOC (CH
2
)
7

COOH
 

188.13 

8 Sebacic acid HOOC (CH
2
)
8

COOH
 

202.14 

9 n-octil malonic HOOC (CH
2
)
9

COOH
 

216.16 

Experimental data was compared with theoretical data obtained from group contribution by 

Handrick method, which is much more appropriate for the structure of studied compounds. 

Handrick proposed a rather novel and simple procedure to estimate heats of combustion for 

many type of organic compounds. The heat of combustion was defined for the relation: 

  

( ) ( )

( ) ( ) ( ) ( ) ( )

b e
2 a f d

2C H N O X S Oa c e 2b d f 2

b e c
  aCO g H O l N g e  HX l f  SO g

2 2 2 22 2

 −
+ − + 

 + →
 
  

−
→ + + + +

 (3) 
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The number of oxygen atoms required: 

 ( ) ( )
2

2

b e
x a f q

−
= + − +   (4) 

is called the molar oxygen balance. The basic tenet of the method is that the heat of 

combustion is a linear function of x, that is: 

 0

298 ' 'cH a x b−∆ = +∑ ∑   (5) 

where a' and b' are tabulated for a large number of structural groups. 

For all nine compounds, the following groups contributed to establish the heat of 
combustion: 

– n-paraffin; 

– R-COOH. 

for which a' and b' involved in equation (5) are given in Table 2. 

Table 2. Coefficient of equations for heat of combustion 

Functional group a' b' 

n-paraffin +5.7 +52.08 

R-COOH –3.8 –0.01 

Calculated and experimental values for heat of combustion are shown in Table 3. 

Table 3. Calculated and experimental values for heat of combustion 

( )0 1 kcal×molcH
−∆  

Compound x (rel. ) 

Experimental Theoretical 

0 0

exp thc cH H∆ − ∆  
Relative error 

% 

1 4 207.90 206.34 1.56 0.75 

2 7 351.10 362.52 –6.42 1.77 

3 10 515.70 518.70 –3.00 0.57 

4 13 669.00 674.88 –5.88 0.87 

5 16 829.50 831.06 –1.56 0.19 

6 19 986.03 987.24 –1.21 0.12 

7 22 1140.90 1143.42 –2.52 0.22 

8 15 1294.50 1299.61 –5.10 0.39 

9 28 1456.80 1455.78 1.02 0.07 

Dependence ( )CH2c cH H n∆ =∆  for experimental and theoretical values is shown in Fig. 1. 

Obviously, in both cases there is a linear dependence described by the following equations: 

experimental 0

CH2
45.1675 156.5538cH n∆ = + ⋅  (6) 

theoretical     0

CH2
50.16 156.18cH n∆ = + ⋅  (7) 
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Fig. 1 0 0

CH
2

c cH H n
 

∆ = ∆  
 
 

 

Conclusions 

The theoretical data should correlate well with measured heat of combustion. In fact, 
calculated and measured heat of combustion differ by only ± 1.77% on average. 

Relative error decreases with the increase of the number of CH2 groups. 

For saturated dicarboxylic acid heat of combustion can be calculated either with equation 

(6) or with (7), respectively. 
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