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Abstract
The thermodynamic properties of carbamide and its alkyl substituted are studied insufficiently. In this article, the enthalpies of combustion of сН of some amides and anilides have been determined experimentally; their standard enthalpies of formation have been calculated. Based on the application of the correlation analysis, a relationship between the average atomic enthalpy of combustion of ΔcH amides and their basicity constants in acidic aqueous solutions of pKBH + was found. Also, the сН of substances which are different in structure and composition, such as amides and their nitrates, were compared. Moreover, a relationship that relates the enthalpies of combustion of these classes of substances which can be used to predict the enthalpies of combustion of amidic acid by the thermochemical properties of amides and vice versa was established.
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1. Introduction
Amides, anilides and their derivatives play an important role in various biochemical processes and are therefore widely used in plant growing, animal husbandry, and in pharmacology as analytical and organic reagents, which are raw materials in the chemical industry.
[bookmark: _GoBack]Meanwhile, the degree of the study of thermodynamic properties of amides, anilides, and amidic acid has lagged behind the level achieved in the synthesis and practical use of these substances.1-3 Recently, along with experimental methods, computational methods for determining the thermochemical properties of substances are rapidly developing. These calculations are based on the principle of additivity of the contributions of various functional groups of atoms to the thermochemical properties of the substances under study. Often, regression and correlation analysis are used for carrying out such calculations. In this work, the obtained experimental thermochemical properties of amides and anilides were analyzed from the position of additivity principle and the search for significant correlations. 

2. Experimental
An industrial calorimeter B-08-MA with an isothermal shell and a stationary self-packing calorimetric bomb (Vint. = 325 cm3), equipped with two valves (for input and output of gases), was used to determine the enthalpies of combustion of the studied compounds. The error in the measuring of calorimeter B-08-MA is 0.1%, which is clearly insufficient for precision measurements. Therefore, in order to improve the accuracy of the determination of the energy of combustion of substances, some parts of the calorimeter were refined: a system for thermostating the shell, an oxygen purification system, a system for igniting samples, a calorimetric vessel, and a calorimetric bomb. As a result, the improvement of the calorimeter carried out by us made it possible to increase the accuracy of obtaining thermochemical values to 0.01%.
The test samples of amides, anilides and amidic acid were burned as tablets without or with an auxiliary substance in the form of a special polyethylene film. Masses of combustible samples and polyethylene were determined on microbalances with an accuracy of 2.10-5g. Moreover, the amount of material was chosen so that the temperature rise in the experiment corresponded to the temperature rise when the reference substance was burned.4
After the completion of the experiment, the combustion gases were analyzed for CO2 content by the Rossini method 5 (accuracy 0.05%). The analysis for CO content was carried out with the help of indicator tubes (sensitivity 6.10-6 kg.l -1).

3. Results and Discussion
         3.1. Standard enthalpies of combustion and formation
The enthalpies of combustion (ΔcH0) and the calculated values of the formation enthalpies (ΔfH0) for all the amides, anilides and amide acids studied by us are presented in Table 1.
Table 1. Standard enthalpies of combustion and formation of amides and their derivatives 
	Compound
	-∆сН0, kJ.mol-1
	-∆fН0, KJ.mol-1

	 N, N-methylacetylcarbamide methylacetylcarbamide
	2154.32±2.28
	563.10±2.28

	Oxamide
	851.70±2.27
	507.01±2.27

	α-cyanoacetamide
	1565.43±2.52
	186.80±2.52

	N, N-dimethylacetamide
	2598.04±37.41
	282.30±37.41

	α-phenylacetamide
	4210.40±3.79
	224.02±3.79

	Propionamide
	3550.10±0.82
	291.37±0.82

	Valeramid
	3140.62±0.84
	329.04±0.84

	Isovaleramide
	3149.68±1.73
	390.02±1.73

	Salicylamide
	3352.32±2.21
	402.68±2.21

	Nicotinamide
	3083.78±1.69
	131.85±1.69

	N, N-dimethylbenzamide
	4959.91±1.02
	153.87±1.02

	Formanilide
	3591.40±1.72
	177.23±1.72

	2,4-dimethylacetanilide
	5501.93±0.83
	291.20±0.83

	P-aminoacetanilide
	4341.30±2.28
	267.10±2.28

	Benzanilide
	6576.05±4.68
	111.80±4.68

	Salicylicanilide
	6379.64±3.01
	308.21±3.01

	Carbamide nitrate (2: 1)
	1095.48±1.88
	977.82±1.88

	Biuret Nitrate (1: 1)
	881.73±4.74
	762.83±4.74

	Nitrate oxamide (1: 1)
	1315.24±2.09
	186.39±2.09

	α-cyanoacetamide nitrate (1: 1)
	2304.01±2.86
	408.86±2.86

	Nitrate propionamide (6: 1)
	12309.66±4.83
	908.06±4.83

	Valeramide nitrate (6: 1)
	19586.59±15.07
	1784.51±15.07

	Nitrate isovaleramide (6: 1)
	20287.65±18.96
	1093.45±18.96

	Nicotinamide nitrate (1: 1)
	2949.05±4.78
	412.49±4.78



We calculated increments of substitution (ΔΔfH0) of one or two hydrogen atoms of NH2 group or hydrogen atom of the carbon skeleton in the molecule of the crystalline amide for different groups. Thus, the increment for substitution (ΔΔfH0) of one hydrogen atom in the acetamide molecule (ΔfH0 = -316.73 kJ.mol-1) per CN-group (cyanoacetamide) is 129.73 kJ. mol-1. The increment for substitution of one hydrogen atom of the CH3 group in the acetamide molecule by the C6H5 radical is 92.7 kJ. mol-1. 
In the homologous series of amides: acetamide-propionamide-valeramide, the difference in the ΔfH0 values of the first two amides is -25.36 kJ . mol-1, and the difference in the values of the second and third amides is -37.67 kJ. mol-1. However, it should be taken into account that no amide of butyric acid is present in this series.
Since the anilides differ from the corresponding amides in that the hydrogen atom of the NH2 group in the amide molecule is replaced by a C6H5 radical, it is interesting to trace the nature of the variation of the ΔfH0 values of amides and anilides. According to the obtained data and published data, the standard enthalpies of the formation of kJ. mol-1  acetanilide (ΔfH0  = -222.16 ± 0.84), benzanilide (∆fH0=-111.80±4.68 ) and salicylanilide (ΔfH0 = -308.21 ± 3.01) is greater than the standard enthalpies of formation of the corresponding acetamide (ΔfH0 = -316.73 ± 0.82), benzamide (ΔfH0 = -204.80 ± 0.80) and salicylamide (ΔfH0 = -402.68 ±  2.21), respectively, at 94.57; 93.00 and 94.47 kJ. mol-1.

3.2.  Average atomic enthalpies of combustion of amides
The physical meaning of the thermodynamic characteristic of the substance, for example, the average atomic energy of Gibbs formation, is that in some "average" contribution of each atom present in the molecule to the value of Gibbs energy of one mole of molecules. In other words, the average atomic thermodynamic characteristic of a substance is the thermodynamic property of one mole of atoms. 6
It is known that the basicity constants of amides pKBH + characterize the affinity of amides to a proton. On the other hand, the average atomic enthalpies of combustion of amides ΔсH (kJ/ (g-atom)) can characterize the affinity to oxygen (Table 2).
Table 2. The correlation dependence between the average atomic enthalpy of combustion ΔcH (kJ(g-atom) -1) of amides and their basicity constants in acidic aqueous solutions of pKBH +  (r = 0.992)
	Amide
	-∆сH, KJ (g-atom)-1
	pKBH +
рКВН

	Carbamide
	79.01
	0.05

	Acetamide
	131.78
	-0.62

	α-phenylacetamide
	204.39
	-1.30

	Phenylcarbamide
	203.69
	-1.30

	Benzamide
	221.88
	-1.74



We found that the average atomic values of ΔcH of Oxygen-pro- taminated amides vary regularly depending on their basicity according to equation 1:
∆сH = 83.72 × рКВН+  - 83.72      (1)
The established ratio can become one of the methods of estimating the values of ΔcH of the unexplored amides. Proceeding from this relation, the following sequence of changes in the basicity of amides can be assumed: carbamide> acetamide> α-cyanacetamide> valerate> isovaleramide> nicotinamide> salicylamide> α-phenylacetamide> N, N- dimethylbenzamide.

3.3. A new method for averaging the enthalpy of combustion
Comparing the values of ΔfH of amides: biuret (ΔfH0 = -583.65 ± 0.82 kJ. mol- 1), cyanacetamide (ΔfH0 = -126.80 ± 2.52 kJ. mol-1), nicotinamide (ΔfH0  =  -134.85± 1.69 kJ. mol-1) and the corresponding nitrates of the composition 1:1, it can be seen that the insertion of HNO3 molecule ambiguously changes the enthalpy of amide formation:
(-ΔΔfH0) = 179.18 kJ. mol-1 (biuret nitrate)
(-ΔΔfH0) = 222.06 kJ. mol-1  (cyanacetamide nitrate)
(-ΔΔfH0) = 280.64 kJ. mol-1  (nicotinamide nitrate). 7,8.
Comparison of the values of the standard enthalpies of combustion of the nitrates of amides, divided by (n + m), where n is the number of oxygen atoms, m is the number of moles of water in the combustion equation for amide nuclei or amide, allowed us to establish a linear correlation (R = 0.997): 


АA = 1.1 А.            (2)

The error (ε) of calculating the values can be estimated from the equation:
│ε│АA = 12ХN . 1,1 (n+m)АA/(n+m)А  ≡ 13ХN (n+m)АA/(n+m)А;     (3)
Where XN is the molar fraction of nitrogen in the compound.



The relative deviation of the experimental values of АA from correlation АA = 1.1 А does not exceed 7.4%, which the generally accepted accuracy for Lauthier-Karapetyants correlations (ε ~±10%) [9].

4. Conclusion
By the method of bomb calorimetry, the enthalpies of combustion ∆сH of 11 amides, 5 anilides and 8 amidic acids were experimentally determined and their standard enthalpies of formation were calculated. A relationship between the average atomic enthalpy of combustion of amides ΔcH and their basicity constants in acidic aqueous solutions рКВН+ was found:
∆сH = 83.72 × рКВН+  - 83.72
The ΔcH of amides and their nitrates were compared and the following relation was established:


АA = 1.1 А.
This equation can be used to predict the unknown values of the enthalpy of combustion of amidic acids/amides from the known values of the thermochemical properties of amides/ amidic acids.
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