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Abstract: The enthalpy change of combustion is one of the basic thermochem-
ical characteristics of an organic compound, indicating the amount of heat
produced in the complete combustion of the substance. The enthalpy changes
of combustion of many organic compounds have been experimentally deter-
mined. Hitherto, the existing empirical approaches have aimed at calculating
the combustion enthalpy change of individual classes only, which do not
always satisfactorily agree with the experimental results. Therefore, the method
of correlation—regression analysis is proposed herein to establish the
combustion enthalpy changes of previously unexplored compounds. As is
known, a linear relationship between two characteristics is possible only if both
of them obey the principle of additivity, i.e., in a homologous series of organic
compounds with increasing number of CH,-groups, the value of additive
characteristic (for example, the enthalpy change of vaporization) should inc-
rease by a certain constant amount.
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INTRODUCTION

Correlation—regression analysis of experimental data is widely applied in all
sections of chemistry to quantitatively describe chemical phenomena, systematize
facts and perform calculations. In particular, correlation—regression analysis of
thermochemical data enables convenient and reliable formulas for practical cal-
culations to be obtained.!:2 Herein, a correlation analysis of the results of exp-
erimental thermochemical studies on the combustion of amides was conducted,
which would allow regularity in the values of the obtained combustion enthalpy
changes to be revealed.
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EXPERIMENTAL

An industrial calorimeter B-08-MA with an isothermal shell and a stationary self-pack-
ing calorimetric bomb (Vi = 325 ¢cm?®) equipped with two valves (for input and output of
gases) was used to determine the enthalpy changes of combustion of the studied compounds.
The error in the measuring of the 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 the substances, some parts of the calorimeter were refined. In
particular, a system for thermostating the shell, an oxygen purification system, a system for
sample ignition, a calorimetric vessel, and a calorimetric bomb were modified. The changes to
the calorimeter enabled the accuracy of the obtained thermochemical values to be improved to
10.01 %.

The test samples of amides, anilides and amidic acid were burned as tablets with or
without an auxiliary substance in the form of a special polyethylene film. The masses of the
combustible samples and polyethylene were determined on a microbalance with an accuracy
of £2x107 g. Moreover, the amount of substance was chosen as recommended in the refer-
ence literature.’

After the completion of the experiment, the combustion gases were analyzed for their
CO, content by the Rossini method (accuracy +0.05 %).# The analysis for the CO content was
realized with the help of indicator tubes (sensitivity 6x107 kg L-1). The experimental values
of the enthalpies of combustion of the studied amides are presented in Table I.

TABLE I. The experimental and calculated values of the combustion enthalpy changes of the
studied amides

Compound ~AcHeyp./ KJ mol! n —AH e/ KImoll /%
N,N-Methylacetylcarbamide 2154.32 10 2180 1.2
Oxamide 851.70 4 872 2.3
o-Cyanacetamide 1565.43 7 1526 2.5
o-Phenylacetamide 4210.40 19.5 4251 0.9
Valeramid 3140.62 14.5 3161 0.6
Salicylamide 3352.32 15.5 3379 0.8
Nicotinamide 3083.78 14 3052 1.0
N,N-Dimethylbenzamide 4959.91 22.5 4905 1.1
RESULTS AND DISCUSSION

Inside the calorimeter, the process of complete combustion of amides occurs
according to the general equation:

CyHpO Ny + (n/2)On = aCO7 + (b/2)H70 + (d/2)N; (1)
The enthalpy changes of combustion of the studied amides and the number
of oxygen atoms, n = 2a+b/2—c, required for the complete combustion of one

mole of the studied amide are presented in Table I and a simple regularity that
relates these quantities to each other was found:

~AH=218n ©)
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The linear nature of this relationship was confirmed by the value of the
correlation coefficient, which was 0.992. The observed dependence enables the
clarification of the physicochemical meaning of the found correlation (2) and an
examination of the accuracy of the predictive calculations based on it (Table I).

It is possible to assess qualitatively the degree of reliability of the proposed
calculation for enthalpy change of combustion of amides from the relation (2)
from Table I, which presents the values established experimentally and the cal-
culated values.

The greater the number of CH groups in the amides, the greater will be the
quantity of carbon dioxide and water formed because of combustion, and the
greater will be the number of oxygen atoms #n necessary for their formation. If the
process of complete combustion of amides would be accompanied by the form-
ation of nitrogen oxides, it could similarly be assumed that the greater the num-
ber of nitro groups in the amide formula, the greater would be the amount of oxy-
gen required for the combustion of the amide. As can be seen from the general
Eq. (1) for the combustion of amides, this was not the case. Therefore, according
to Table I, it is easy to determine that with increasing number of nitro groups in
the amide formula, the relative deviation of the predicted values from the expe-
rimental values of the enthalpy change of combustion increases. However, on the
other hand, it can be seen from Table I that the relative deviations of the cal-
culated values of the enthalpy changes of combustion of amides from the expe-
rimental values do not exceed 2.5 %, which indicates a sufficient reliability of the
prediction method.

The logic of the reasoning and the good agreement between the predicted
and experimental values of combustion enthalpy changes (Table I) allows the
assumption that the mole fraction of nitrogen atoms in the amide formula might
serve as a certain quantitative limiting factor, which would indicate the upper
margins of the relative deviation of the predicted and experimental values of the
enthalpy change of combustion.

In this regard, the correlation coefficient between the relative deviation and
XN, the mole fraction of nitrogen atoms in the amide, was found to be rather high
and equal to 0.929. Thus, based on the regression analysis, the following relation-
ship was obtained:

& = 12X\ 3)

Based on this relationship, it is possible to estimate the expected maximum

errors of the predicted values of the enthalpy change of combustion of amides
calculated according to formula (2).

In accordance with the calculated formulas (2) and (3), the enthalpy changes

of combustion and their maximum expected errors of amides were calculated and
compared with the thermochemical properties experimentally studied by other
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authors. A comparison of the calculated and experimental values is given in
Table II.

Table II. Comparison of the literature and calculated values of A.H and || of some amides

Compound ~AcHeyp,./ kI mol! n —AH e/ kI mol! Eexp/ Erheor
1-Methylcarbamide 1311.74 6 1308 -0.3/2.1
Ethylcarbamide 1966.10 9 1962 -0.2/2.0
Isopropylcarbamide 2613.70 12 2616 0.09/1.4
tert-Butylcarbamide 3267.80 15 3270 0.07/1.2
Acetamide 1186.03 5.5 1199 1.1/1.3

As can be seen from Table II, the values given in the literature and the cal-
culated values are in a good agreement with each other. The table also shows that
the relative deviations of the predicted values from the experimental values do
not exceed the upper margin of the relative deviations calculated by formula (3).

CONCLUSIONS

The thermochemical properties of amides should be known when studying the
mechanism of chemical reactions and thermodynamic equilibrium for the pur-
poseful synthesis of amides with given properties and when developing optimal
technological processes for the industrial production of these compounds.

The good agreement between the predicted values of the enthalpy change of
combustion of amides calculated by correlation (2) and the experimental values
suggests that researchers can use the methods proposed above to predict the
enthalpy changes of combustion of amides for which there is no reliable experi-
mental data, and to predict the expected marginal error in calculating these quan-
tities. Technologists can also use these methods for performing engineering cal-
culations.

The effectiveness of correlations (2) and (3), despite their simplicity, sug-
gests that the next stage of study can find out a more general relationship that
would reflect a correlational dependency of the enthalpy changes of combustion
on two variables — the number of oxygen atoms and the mole fraction of nitrogen
atoms in an amide. Thus, the potential relation would combine formulas (2) and (3).

H3BOI

EMITMPUICKH MOJEJI 3A ITPENBUBHAILE IPOMEHA EHTAJITINJA CATOPEBAIDA
AMHUIA

ALMA K. RYSKALIYEVA, MURAT E. BALTABAYEV 1 KURMANKUL T. ABAEVA

Department of Plant Protection and Quarantine, Kazakh National Agrarian University, 8 Abay av., Almaty
050010, Kazakhstan

[TpoMeHa eHTanmuje caropesama je jeqHa of OCHOBHUX TEPMOJUHAMHUYKUX KapaKTepHC-
THKa OPraHCKUX jeJumena Koja MpencTas/ba KOJUUHUHY TOIUIOTE NPOM3BENEHE NPH KOMIUIET-
HOM caropeBamy CyncraHnuje. [I[poMeHa eHTannuje caropeBama BEIHUKOT Opoja OpraHCKHX
jenvmema cy ogpeheHe ekcriepuMeHTanHo. Iloctojehu eMnpujcku TpUCTymy Cy UMainu 3a Wb
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M3pavyyHaBame MPOMEHe EHTAIIHje caropeBarma CaMo 3a MHAWBHUAYalIHEe Kiace, LITO ce He
CIaKe YBEK Ha 3a/j0Bo/baBajyhyl HAuMH ca eKCllepUMEeHTaTHUM TofjanruMa. 360r Tora je y oBoM
pany IpeIoXKeH MeToJ, KOpenallMOHO—PErpecuoHe aHaause 3a ofpehuBame IPOMEHE eHTasl-
NUje caropeBama jequmerna 3a koja Ta BpefHOCT HUje ogpehena. Kao wmTo je mosHaTo, MUHe-
apHa Be3a u3Mehy nBe BenuuuHe je moryha camo oHza kazja obe BeIHYMHE 3a/J0BOJbABAjy
YCIJIOB afUTHUBHOCTH, Tj. ¥ XOMOJIOTUM C€pHjaMa OPraHCKUX jemumera Kol KOjux pacrte Opoj
CH, rpyna BpegHOCT afUTHBHUX KapaKTEPUCTHUKA (Ha MpUMep, MPOMeHa eHTaJIHje ucrapa-
Bama) Tpeda nma ce mosehasa 3a KOHCTaTaH U3HOC.

(ITpumspeno 9. aBrycra, peunupaHo 17 oxrodpa, npuxsaheHo 6. HoBembpa 2018)
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