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NAS RK is pleased to announce that News of NAS RK. Series of chemistry and technologies 
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new 
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics to be 
accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and the Arts 
& Humanities Citation Index. The quality and depth of content Web of Science offers to researchers, 
authors, publishers, and institutions sets it apart from other research databases. The inclusion of 
News of NAS RK. Series of chemistry and technologies in the Emerging Sources Citation Index 
demonstrates our dedication to providing the most relevant and influential content of chemical 
sciences to our community.

Қазақстан Республикасы Үлттық гылым академиясы «ҚР ¥ҒА Хабарлары. Химия 
және технология сериясы» ғылыми журналының Web of Science-тің жаңаланған нұсқасы 
Emerging Sources Citation Index-me индекстелуге қабылданғанын хабарлайды. Бүл 
индекстелу барысында Clarivate Analytics компаниясы журналды одан әрі the Science Citation 
Index Expanded, the Social Sciences Citation Index және the Arts & Humanities Citation lndex-ке 
қабылдау мәселесін қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар 
мен мекемелерге контент тереңдігі мен сапасын үсынады. ҚР ¥ҒА Хабарлары. Химия 
және технология сериясы Emerging Sources Citation lndex-ке енуі біздің қогамдастық үшін 
ең өзекті және беделді химиялық ғылымдар бойынша контентке адалдығымызды білдіреді.

HAH PK сообщает, что научный журнал «Известия HAH PK. Серия химии и технологий» 
был принят для индексирования в Emerging Sources Citation Index, обновленной версии 
Web of Science Содержание в этом индексировании находится в стадии рассмотрения 
компанией Clarivate Analytics для дальнейшего принятия журнала в the Science Citation 
Index Expanded, the Socia1 Sciences Citation Index и the Arts & Humanities Citation Index. 
Web of Science предлагает качество в глубину контента для исследователей, авторов, 
издателей и учреждений. Включение Известия HAH PK в Emerging Sources Citation Index 
демонстрирует нашу приверженность к наиболее актуальному и влиятельному контенту 
по химическим наукам для нашего сообщества.
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Introduction
Roseofungin belongs to polyene antibiotics 

which is more active and less toxic comparing other 
polyenes of this group [1]. Before we performed 
the complexation of roseofungin with α-, β- and 
γ-cyclodextrin derivatives. The binding patterns 
of the resulted complexes were studied in silico 
using molecular docking techniques. The cytotoxic 
activity and antiradical activity of the derivatives was 
performed [2].

One of the most important in Chemical 
thermodynamics and thermochemistry is the enthalpy 
of combustion. The enthalpy of combustion of the 
Simple and complex substances, the enthalpy of 
complete oxidation of a substance with oxygen to the 
formation of correspondingly high oxides,  they are 
obtained from their physical condition for the latter it 
is always indicated various oxides. Standard enthalpy 
of combustion Р=1 atm and Т=298,15 К. It should 
be noted that water is always represented in a liquid 
state in the equations of combustion reactions. The 
enthalpy of the combustion of organic compounds at 
a pressure of 20-30 atm V=const is determined by 
burning in an isothermal calorimeter in an oxygen 
atmosphere [3].

It should be noted that the process of obtaining 
biologically active compounds from plants is very 
time-consuming, and determine the calorimetric 
way of combustion ΔН0 needed for a significant 
amount of them and it is irreversible. Therefore, 

we used calculation methods to estimate the 
combustion enthalpy of natural compounds and their 
derivatives. Among the methods of calculating the 
heat of combustion of natural and synthetic organic 
compounds, the most suitable and correct in our case 
was the Karash method [4-6].

The aim of this work is to study the standard 
enthalpy of combustion, standard enthalpy of 
formation and enthalpy of melting of complexes of 
roseofungin.

Materials and methods. Karash method. 
Karash [4] proposed a general method for 
calculating the standard heat of combustion of 
298.15 K for liquid organic compounds of different 
classes. Considering any organic compound as a 
hydrocarbon, a certain number of hydrogen atoms 
in it are replaced by different atoms and groups, 
and the enthalpy of combustion as a function of 
the number of electrons transferred to oxygen 
atoms during combustion, Karash proposed the 
following calculation formula:

ΔсН0 (298,15)  = - 26,050 (4С + Н - р) + ∑ k i Δ i    
kcal / mol,                                                               (1)

then - 26,050 kcal/mol The heat breaks the 
bonds – С–С, С–Н and it is a heat of formation СО2  
and Н2О. С – the number of carbon atoms in the 
compound;

Н–the number of hydrogen atoms in the 
compound;

NEWS
OF THENATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN 
SERIES CHEMISTRY AND TECHNOLOGY
ISSN 2224-5286
Volume 3, Number 447 (2021), 44 – 47 https://doi.org/10.32014/2021.2518-1491.48

R.I. Jalmakhanbetova1*, Ye.M. Suleimen2, B.K. Kasenov3

1Kazakh University of Technology and Business, Nur-Sultan, Kazakhstan;
2Sh. Ualikhanov Kokshetau University, Kokshetau, Kazakhstan;

3Zh. Abishev Chemical Metallurgical Institute, Karagandy, Kazakhstan.
E-mail: rozadichem@mail.ru

CALCULATE THE STANDARD ENTHALPIES OF COMBUSTION, FORMATION AND 
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Abstract. One of the most important quantities in chemical thermodynamics and thermochemistry is the 
enthalpy of combustion. Of the currently existing methods for calculating the heat of combustion of natural 
and synthetic organic compounds, the most acceptable and correct in our case was the Karash method. In 
this study, the standard enthalpy of combustion, the standard enthalpy of formation, and the melting enthalpy 
of the antibiotic roseofungin and its cyclodextrin derivatives were calculated. As a result of the study, the 
thermodynamic constants of the standard enthalpies of combustion, standard enthalpies of formation, and 
the enthalpies of melting of the above compounds were calculated, which are of interest for physicochemical 
modeling of processes with their participation, serve as initial information arrays for loading into fundamental 
thermodynamic data banks and reference books, and is also important for standardization and certification of 
these complexes. It should be noted that the presence of a large number of hydroxyl groups in the structures 
of the studied complexes allows them to be attributed to polar compounds.
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р –is the number of partially displaced electrons 
in the compound molecule;

k i –the equation number of substitutes; 
Δ i  – is corresponding to the thermal correction 

to substitution.
(1) is based on the following assumptions:
- during the combustion, valence electrons are

transferred from atoms of organic compounds to 
oxygen atoms;

- four electrons sharing each carbon atom and
one electron sharing each hydrogen atom;

- if the compounds including hydrogen, are
replaced by another atom or other atoms group, the 
structure of the molecules changed, also the heat 
of combustion of the restructuring compounds Δi 
amount is increasing or decreasing; In this case, the 
number of the converted oxygen electrons is closely 
related to replacing the hydrogen atoms a value equal 
to the numbers of electrons P decreasing.

The Karash method is ambiguous.
It should be noted that the Karash method has 

been successfully used to calculate the enthalpy 
of combustion of many terpenoids, alkaloids, 
flavonoids, and their synthetic derivatives [3, 4]. 
Below is calculating ΔН0 combustion, their structural 
and gross formulas.

Fig. 1 - С75Н122О40 – Roseofungin with 
α-cyclodextrin complex

Fig. 2 - С81Н132О45 – Roseofungin with 
β-cyclodextrin complex

Fig. 3 - С87Н142О50 – Roseofungin with 
Δ-cyclodextrin complex

Results and Discussion
1. Calculate the standard enthalpy of

combustion
Given as an example calculate the standard 

enthalpy of combustion ΔсН0(298,15) of compounds 
is roseofungin with α-cyclodextrin complex 
С75Н122О40. the number of carbon atoms in the 
compound – 75, in several hydrogen atoms – 122, р 
–is the number of partially displaced electrons in the
compound molecule determined taking into account
the ОН group, their number is 18, and the number
of partially displaced electrons 18х2=36, кi–the
equation number of substitutes 18 (ОН- group), Δi –is
corresponding the thermal correction to substitution,
according to the reference database – 3,5 kcal [2].

ΔсН0 (298,15) С75Н122О40 (solid.) = -26,050(4х75 
+ 122 – 36) + 18(-3,5) = = 10118,3 kcal / mol or
-42335,0 kj / mol (2)

It is the same С81Н132О45 and С87Н142О50 was 
calculated the standard enthalpy of combustion, 
equal respectively – 45430,7 and – 48526,5 KJ / mol.

2. Calculation of standard enthalpy of formation
Then С75Н122О40  construct the Combustion

reactions
С75Н122О40 (solid.) + 85,5О2(gas.) = 75СО2 (gas.) + 

61Н2О (liquid.) – ΔсН0 (298,15)	                             (3)

According to Hess's law, in this case, combustion 
enthalpy of С75Н122О40 (solid.) is equal to the sum 
of the enthalpy of formation of reaction products, 
subtracting the sum of the enthalpy of formation of 
starting materials.

ΔсН0 (298,15) С75Н122О40 (solid) = [75ΔfН0(298,15) 
СО2 (gas.) +

+ 61ΔfН0 (298,15) Н2О (liquid.)] – ΔfН0 (298,15) 
С75Н122О40 (solid.), 			                              (4)

There ΔfН0 (298,15) СО2 ΔfН0 (298,15) 
Н2О (liquid.) standard enthalpy of formation of 
compounds from simple substances.

The citation [18] find for calculate ΔfН0 (298,15) 
СО2 (gas.) and ΔfН0 (298,15) Н2О (liquid.), equal to – 
393,777 and – 286,021 KJ / mol respectively.

Substituting the values, we obtain ΔсН0 (298,15) 
С75Н122О40 (solid.):

-42335,0 = [75x(-393,777) + 61x(-286.021)] –
ΔfН0(298,15) С75Н122О40 (solid.),

ΔfН0 (298,15) С75Н122О40 (solid.)  standard enthalpy 
of formation equal – 4645,6 KJ / mol.

Thus, from the reaction:
С81Н132О45 (solid.) + 91,5О2 (gas.) = 81СО2 (gas.) + 

66Н2О (liquid.) –ΔсН0 (298,15),                                  (5)

С87Н142О50 (solid.) + 97,5О2 (gas.) = 87СО2 (gas.) + 
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71Н2О (liquid.) – ΔсН0 (298,15),	 (6)

ΔfН0 (298,15) С81Н132О45 and ΔfН0 (298,15) 
С87Н142О50 standard enthalpy of formation equal – 
5342,6 и – 6039,6 KJ / mol.

3. Calculation of melting enthalpy
The melting enthalpy ΔН0 Melt  was calculated

by the following formula [8]:

ΔН0
melt = 44,4Тmelt – 4400,	               (7)

This is to calculate the ΔН0
Melt  melting of polar 

biologically active compounds [5, 6, 8].
It should be noted that the presence of many 

hydroxyl groups in the structures of the studied 
complexes allows them to be classified as polar 
compounds. Take the decomposition temperature of 
these compounds as the temperature of incongruent 
melting, with melting decomposition (C75H122O40, 

TMelt = 483k; C81H132O45, T Melt = 452K; C87H142O50, 
T Melt = 473k), and placing them in the equation (7) 
Calculates ΔН0

Melt  С87Н142О50, respectively 17,0; 15.7 
and 16.6 kJ / mol.

Conclusions. The calculated thermodynamic 
constants of standard combustion enthalpy, 
standard formation enthalpy, and melting 
enthalpy of the above compounds are of 
interest to the modeling of physical and 
chemical processes and serve as initial information 
arrays for uploading to fundamental 
thermodynamic data banks and reference books, as 
well as for standardization and certification of 
these complexes.
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РОЗЕОФУНГИННІҢ α-, β- ЖӘНЕ γ-ЦИКЛОДЕКСТРИНДЕРМЕН КЕШЕНІНІҢ 
СТАНДАРТТЫ ЖАНУ ЭНТАЛЬПИЯСЫН, СТАНДАРТТЫ ТҮЗІЛУ ЭНТАЛЬПИЯСЫН 

ЖӘНЕ БАЛҚУ ЭНТАЛЬПИЯСЫН ЕСЕПТЕУ

Аннотация. Химиялық термодинамика мен термохимиядағы маңызды шамалардың бірі жану 
энтальпиясы болып табылады. Табиғи және синтетикалық органикалық қосылыстардың жану 
жылуын есептеу әдістерінің ішінен біздің жағдайда ең қолайлы және дұрыс Караш әдісі болды. Бұл 
зерттеуде антибиотик розеофунгин мен оның циклодекстринді туындыларының жануының стандартты 
энтальпиясын есептеуі, түзілудің стандартты энтальпиясын есептеуі және балқу энтальпиясын 
есептеуі жүргізілді. Зерттеу нәтижесінде жоғарыда аталған қосылыстардың жанудың стандартты 
энтальпиясының, түзілудің стандартты энтальпиясының, балқу энтальпиясының термодинамикалық 
тұрақтылары есептелді, олар қатысында болатын процестерді физика-химиялық модельдеу үшін 
қызығушылық тудырады, мәліметтер мен анықтамалықтардың іргелі термодинамикалық банктеріне 
жүктеу үшін бастапқы ақпараттық массивтер ретінде қызмет етеді, сондай-ақ осы кешендерді 
стандарттау және сертификаттау үшін маңызды. Зерттелетін кешендердің құрылымдарында көптеген 
гидроксил топтарының болуы оларды полярлы қосылыстарға жатқызуға мүмкіндік беретінін атап 
өткен жөн.

Түйін сөздері: розеофунгин, циклодекстрин, стандартты жану энтальпиясы, түзілудің стандартты 
энтальпиясы, комплекстің балқу энтальпиясы.
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РАСЧЕТ СТАНДАРТНОЙ ЭНТАЛЬПИИ СГОРАНИЯ, СТАНДАРТНОЙ ЭНТАЛЬПИИ 
ОБРАЗОВАНИЯ И ЭНТАЛЬПИИ ПЛАВЛЕНИЯ КОМПЛЕКСА РОЗЕОФУНГИНА 

С α-, β- И γ-ЦИКЛОДЕКСТРИНОМ

Аннотация. Одной из важнейших величин в химической термодинамике и термохимии 
является энтальпия сгорания. Из существующих в настоящее время методов расчета теплоты 
сгорания природных и синтетических органических соединений наиболее приемлемыми и 



ISSN 2224-5286  Series chemistry and technology.  3. 2021

47

корректными в нашем случае оказался метод Караша. В настоящем исследовании проведены расчеты 
стандартной энтальпии сгорания, расчеты стандартной энтальпии образования и расчеты энтальпии 
плавления антибиотика розеофунгина и его циклодекстриновых производных. В результате 
исследования были вычислены термодинамические константы стандартных энтальпий сгорания, 
стандартных энтальпий образования, энтальпий плавления вышеуказанных соединений, которые 
представляют интерес для физико-химического моделирования процессов с их участием, служат 
исходными информационными массивами для загрузки в фундаментальные термодинамические банки 
данных и справочников, а также важно для стандартизации и сертификации указанных комплексов. 
Следует отметить, что  наличие большого числа гидроксильных групп в структурах исследуемых 
комплексов позволяет отнести их к полярным соединениям.

Ключевые слова: розеофунгин, циклодекстрин, стандартная энтальпия сгорания, стандартная 
энтальпия образования, энтальпия плавления комплекса
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