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Abstract 

The present model, which was proposed by M. Dolomatov for the estimation of organic molecule resources in the Space, 

contained data about the temperature evolution of function of compound distribution on free energy. In this research the 

calculations were performed, confirming the fact that in the interstellar medium the normal distribution of compounds is saved. 

Besides the equilibrium thermodynamic model is confirmed for all molecules in giant molecules clouds. The data testify that the 

distribution of compounds is stable in the possible temperature range from 2K to 700 K. Therefore, the Space contains significant 

resources of organic molecules, which are necessary for the life origin. 
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1. Introduction 

Fundamentals of the phenomenological thermodynamic 

approach to physical and chemical processes in the interstellar 

medium. 

Despite the significant astrophysical research information the 

whole complex of physical and chemical processes in giant 

molecular clouds (GMC) are not currently known due to the 

temperature and concentration gradients, shock waves, 

extra-high-power electromagnetic and gravitational fields, etc. 

Therefore, we can’t use the results of laboratory experiments 

for elementary chemical reactions in such extreme conditions, 

as the influence of hard radiation of shock waves, etc. So the 

thermodynamic phenomenological approach can be used for 

the modeling of GMC. This approach involves consideration 

of only the initial and last states of the thermodynamic system 

and is regarded by the data of astrophysical observations. 

The first thermodynamic models of function of compound 

distribution on free energy in the interstars media were 

presented in the research by Dolomatov [1, 2, 3, 4, 5]. These 

models allowed to calculate the molecules resources based on 

the function of compound distribution on heat of formation 

only. Further calculations were performed using the function 

of compound distribution on Helmholtz's free energy [6, 7, 8, 

9, 10, 11, 12]. 

The major drawback of the previous research consists in the 

lack of data relating to the temperature evolution for the 

function of compounds distribution, because molecules exist 

at various temperatures from 2 to 700 K in the interstellar 

medium. 

The aim this research is the analysis of the temperature 

evolution of function of compound distribution on free energy 

for some compounds in the interstellar medium with further 

estimation of molecular resources quantity in visible areas of 

space. 
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2. Research Methods 

We considered the molecular interstellar medium as 

multicomponent complex systems with chaos of chemical 

compounds [5]. Many such complex systems belong to nature 

and artificial substances, for example, hydrocarbons systems, 

oil, humus compounds from rich black soil and others [5, 10]. 

These researches used a phenomenological approach 

according to which the starting and final states of the systems 

were defined. In addition we do not discuss a mechanism of 

chemical reactions for a interstellar molecules appear. 

Moreover the interstellar medium is considered to be an 

equilibrium thermodynamic system. The basis of this 

hypothesis consists in the comparison of the relaxation time of 

an observer and the relaxation time of various molecules in 

interstellar cosmic medium. As it follows from the 

radio-spectroscopy data, the lifetime of most of cosmic 

molecules is significant. For example, molecules of ammonia, 

methane and benzene have existed at a distance of a few 

thousand or several million light years. It is much longer than 

the time of human observation. Therefore, we can suggest, 

that the molecule system in cold areas (T=2-700 K) of the 

interstellar giant molecular clouds might be in a 

thermodynamic equilibrium state. The existence of more than 

165 molecules in the GMCs (The Cologne Database), confirm 

this fact. At higher temperatures under the influence of hard 

radiation, simple organic molecules dissociate with ions or 

radicals. Thus, it follows from the fact of sustainable 

observation of stable molecules in the interstellar medium, 

that the principle of local equilibrium in some areas of the 

interstellar medium holds true, and if so, then the laws of 

equilibrium thermodynamics can be used for the quantitative 

assessment of molecular resources. Behind most, , the 

conditions of local equilibrium are taken into account for the 

physical and chemical calculations of the interstellar medium 

[13; 14; 15; 16; 17]. 

A hot areas where the temperature exceeds 10
4
 – 10

5
 K is 

broken local thermodynamic equilibrium It is possible in hot 

areas where the processes of condensation of a matter 

develops, but compared with the volume of cold areas, hot 

areas occupy a very small volume of space. Therefore the 

principle of local thermodynamic equilibrium is carried out , 

on the whole is carried out for the space. Let us remark that hot 

substance concentrate into stairs. Further assume that the 

average volume of one hot star is about 10
27

 m
3
 as well as the 

Sun. It is known that average star numbers are about 10
25

 into 

visible areas of the space. 
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Thus the fractions of hot areas are the small fluctuation , that 

confirms the existence of thermodynamic equilibrium in 

Space. Then also is confirmed the existence of local 

thermodynamic equilibrium in the Space. Then equilibrium 

thermodynamic laws is respecting, for the cold areas. 

Besides, it is also known that the gas density in the interstellar 

medium is very low. But at the same time it is known that 

molecules of organic compounds are formed not in the small 

density volume, but in the areas where the collision of 

particles is mostly probable, for example, on the surface of 

gas-and-dust particles which makes up a considerable part (up 

to 5% of mass) of the substance of interstellar molecular gas 

clouds. 

The first equilibrium thermodynamic models of compound 

distribution in the interstellar medium was considered in this 

research [5]. Let us examine the thermodynamic features of 

GMCs as multi-component systems with the chaos of 

chemical compounds (MSCC), according to the theory [5]. 

The previous works [3, 4, 5] take into account 

thermodynamics of multicomponent systems with chaos of a 

chemical compound [1, 2] as well as the data of astrophysics 

about the possibility of hydrocarbons and biochemical 

systems formation at the formation stage in GMC, besides the 

accretion of a gas-and-dust cloud is shown. Calculations of 

organic substances and hydrocarbons resources were carried 

out using the function of chemical composition distribution on 

heat of formation. On the basis of these estimates the structure 

of the primary hydrocarbonic mix, so-called protooil was 

defined. Further on these ideas were developed in the works 

by Dolomatov & Zhuravleva [6, 7, 8, 9, 11]. In these 

researches the authors don't make it a point to describe 

detailed mechanisms of hydrocarbons origin, or provide the 

information of RNA and DNA molecules which are unknown. 

The main task of the researches consisted in the creation of a 

mathematical model for estimation of organic compounds 

resources with using of the compound distribution functions 

on Helmholtz's free energy. 

At present a full range of physical and chemical processes 

in the GMCs, determined by the temperature and 

concentration gradients, the shock waves in the conditions 

of giant electromagnetic and gravitational fields, as well as 

other phenomena are unknown. That is why we can not use 

chemical reaction mechanisms known for the laboratory 

conditions. Therefore, a phenomenological approach is 

more preferable for the chemical composition distribution 

in GMCs models in which only a final steady condition of 
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multicomponent molecular system is considered [5, 10]. 

Following the theory [5], consider next a statistical ensemble 

of a large number of components – N into the isolated MSCC, 

each of which characterized by a specific value of the 

thermodynamic potential. Let us define the probability of M 

components existence with a specific thermodynamic 

potential or properties in such a system, which is different 

from the average system properties. Such density of 

probability (W) is determined by the binomial (Bernoulli) 

distribution: 

( )1
N MM M

N
W C p p

−= ⋅ ⋅ − ,         (1) 

where CN
M

 – binomial coefficient: N by M; p= 1- 1/z - 

probability of the chemical difference, z the microstates of 

components; when z => ∞ and р => 1,the system is 

constructed from entirely different components. When z = 1 p 

= 0, the system consists only one component, but such 

situation is not possible, the system microstates increase 

according to the second law of thermodynamics.  

When p→0, we obtain a system of Poisson nature of 

thermodynamic characteristics distribution (pure substances). 

For 0 <p <1 are realized Gaussian distribution of the 

composition by Moivre -Laplace theorem. Thus is existed 

Gaussian distribution of the chemical composition on the 

thermodynamic potentials of the components for typical 

MSCC, for example, hydrocarbon systems. As a special case 

there is normal law of chemical composition distribution by 

free energies for MSCC:  
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where f - probability density function, iр - probability of 

existing molecules existence in MSCC with the defined free 

energy (Helmholtz energy), 2σ  - dispersion, F∆  - free energy 

of i-compound, F∆ - average value of all molecular 

compounds. 

Free energies of the compounds are calculated of statistical 

physics and spectroscopy data. 

Subjects of the Research 

The choice of objects was based on the general data of radio 

spectral methods [18, 19]. We have researched the sample 

including upwards of 100 molecular organic compounds: 

oxygen-containing molecules, nitrogen-containing molecules, 

methane series and acetylene hydrocarbons. In addition, taking 

into account the recent data, the aromatic hydrocarbons, 

fullerenes, glycine and simple carbohydrates have also been 

investigated [20]. The organic compounds standard enthalpy of 

formation at the temperature of 298 K has been selected. In 

order to study free energy, the temperature range from 2 K to 

1000 K has been selected, i.e. the temperature range, which 

provides stable existence of organic molecules in the GMCs 

substance in low density conditions. Free energy (Helmholtz 

energy) of the compounds is calculated with the help of 

molecular and spectroscopy data [21]. 

3. Mathematical Model for the 
Study of the Resources of 

Chemical Elements and 
Molecules in the the Space 

The basic assumptions of the mathematical model: 

1. Sizes of the metagalaxy part, where material resource 

evaluation is carried out, are limited by the visibility horizon 

of modern means of observation. 

2. In accordance with modern cosmological conceptions, the 

universal isotropy and homogeneity of space. There are 

assumed GMCs formation processes identical in different 

areas of space,  

3. Despite the fact that in some areas of GMCs the star 

formation takes place and the substance is in the state of 

non-equilibrium plasma, there are areas in the system that are 

in the state of local thermodynamic equilibrium and have 

temperatures <1000 K, in which the molecules of organic 

substances are stable. 

4. The phenomenological model: GMCs represent a range of 

similar cybernetic «black boxes» within which a complex of 

physical and chemical conditions is analogous. They are 

exposed to perturbation environmental conditions. The 

specific chemical reaction mechanism is not considered. The 

input parameters are the properties, the output parameters are 

the amount of substance. 

5. For the phenomenological distribution models, carry out the 

large numbers law. According to Lyapunov's theorem, there is 

a composition normal distribution in homogeneous conditions 

of interstellar medium. 

6. The carbon content is constant in the Space. 

7. This estimation does not include a hidden mass (dark 

matter), which exceeds the visible mass 5 - 10 times, 

according to various assessments. 

These assumptions are sufficient for the proposed 

phenomenological approach in which only a final steady 

condition of multicomponent molecular system is considered 

[10]. Moreover these assumptions are necessary in the 

conditions of limited knowledge about processes which exist 

in the interstellar medium. 
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On the basis of the above- stated, the following model is 

suggested: 

0( )i i gM xF p QN M= ,                          (3) 

where pi - i -molecule existence probability in the GMCs, 

F(pi) - corresponding probability distribution function; 

Q - average number of GMC in the galaxy, 

Ng - average number of galaxies in the visible part of the the 

Space, 

Mo = 2 ·10
30

 kg –mass of the Sun, 

х =1 - the coefficient, which takes the organic molecules loss 

into account during the star formation processes and their 

reproduction during supernova stars explosions. 

In accordance with the estimates, accepted in astrophysics 

[22] Q =1÷10
6
; Ng=10

10
; х =1. 

The calculation algorithm 

1) Calculation of free energy (Helmholtz energy) of 

compounds (Table 1) with the help of statistical physics and 

spectroscopy data. 

2) Construction of variational series of compounds on 

thermodynamic properties and calculation of their 

characteristics at various temperatures (Tables 2-13, Figure 1).  

3) Construction and analysis of compounds distribution for 

different temperatures (Table 14, Figure 2-3). 

4) Calculation of molecules formation probabilities in GMC 

with a certain free energy at different temperatures was 

carried out based on the law of normal distribution 

according to the formula (2) (Table 15); 

5) Resources assessment of the corresponding compounds for 

different temperatures was carried out according to the 

formula (3) (Table 16-21). 

On the basis of this algorithm the information system of 

assessing molecules resources in the interstellar medium was 

developed. 

4. Results 

In this research were carried the calculations based on the 

following compounds, presented in Table 1, which were found 

in Space [18, 19]. 

Table 1. The set of compounds for the calculation of molecules resources in Space [18, 19]. 

Сompounds 

CO, CS, COS, C2O, CO2, C2S, C2H2, H2CO, H2CS, HNCO, HOCN, HSCN, c-SiC3, CH4, СН2СО, CH2NH, l-C3H2, c-C3H2, HCCCN, HC2NC, 

HC(O)CN, HCOOH, NH2CN, SiH4, CH3OH, CH3CN, CH3NC, H2CCNH, NH2CHO, НСССНО, c-H2C3O, СН3SH, CH2CHCN, CH3NH2, 

HC5N, СН3СНО, H2CCHOH, c-C2H4O, СН3ССН, CH3CCCN, HCOOCH3, CH3COOH, H2C6, СН2ОНСОН, l-HC6H, CH2CHCHO, 

CH2CCHCN, H2NCH2CN, CH3CН2ОН, CH3С4Н, CH3CH2CN, HC7N, СН3ОСН3, CH3C(O)NH2, C3H6, (CH3)2CO, CH3C5N, (CH2OH)2, 

CH3CH2CHO, NH2CH2COOH, CH3C6H, C2H5OCHO, HC9N, C2H5OCH3, n-C3H7CN, C6H6, HC11N 

For all compounds, presented in Table 1, were calculated variation interval of free energy and existence of compounds 

Probability, which are presented in Tables 2, 3, 4. 

Table 2. Probability of existence of organic compounds with different free energy of formation (Helmholtz energy) at 50 K in interstellar medium. 

Variation interval of free 

energy 

Mean of free energy in interval, 

KJ / mol 

Number of compounds 

in an interval. n 

Existence of compounds 

Probability (empirical) 
(calculated value) 

0,25 38,20 19,22 8 0,119 0,065 

38,20 76,14 57,17 12 0,179 0,108 

76,14 114,08 95,11 12 0,179 0,150 

114,08 152,03 133,06 14 0,209 0,177 

152,03 189,97 171,00 9 0,134 0,177 

189,97 227,92 208,94 9 0,134 0,150 

227,92 265,86 246,89 2 0,030 0,108 

265,86 303,81 284,83 1 0,015 0,065 

Total  67 1,000 1,000 

Table 3. Probability of existence of organic compounds with different free energy of formation (Helmholtz energy) at 100 K in Interstellar medium. 

Variation interval 

of free energy 

Mean of free energy 

in interval, KJ / mol  

Number of compounds 

in an interval. n 

Existence of compounds 

Probability (empirical) 

Existence of compounds 

Probability (calculated value) 

-37,64 4,07 -16,79 4 0,060 0,065 

4,07 45,77 24,92 7 0,104 0,108 

45,77 87,48 66,63 15 0,224 0,150 

87,48 129,19 108,33 15 0,224 0,177 

129,19 170,89 150,04 13 0,194 0,177 

170,89 212,60 191,75 10 0,149 0,150 

212,60 254,31 233,45 2 0,030 0,108 

254,31 296,01 275,16 1 0,015 0,065 

Total  67 1,000 1,000 
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Table 4. Probability of existence of organic compounds with different free energy of formation (Helmholtz energy) at 200 K in Interstellar medium. 

Variation interval of 

free energy 

Mean of free energy 

in interval, KJ / mol 

Number of compounds 

in an interval. n 

Existence of compounds 

Probability (empirical) 

Existence of compounds 

Probability (calculated value) 

-27,47 9,13 -9,17 8 0,119 0,065 

9,13 45,72 27,42 13 0,194 0,108 

45,72 82,31 64,02 11 0,164 0,150 

82,31 118,91 100,61 16 0,239 0,177 

118,91 155,50 137,20 7 0,104 0,177 

155,50 192,09 173,80 9 0,134 0,150 

192,09 228,69 210,39 2 0,030 0,108 

228,69 265,28 246,98 1 0,015 0,065 

Total  67 1,000 1,000 

Table 5. Probability of existence of organic compounds with different free energy of formation (Helmholtz energy) at 300 K in Interstellar medium. 

Variation interval 

of free energy 

Mean of free energy in 

interval, KJ / mol 

Number of compounds 

in an interval. n 

Existence of compounds 

Probability (empirical) 

Existence of compounds 

Probability (calculated value) 

-56,10 -19,72 -37,91 8,00 0,119 0,065 

-19,72 16,66 -1,53 9,00 0,134 0,108 

16,66 53,04 34,85 14,00 0,209 0,150 

53,04 89,42 71,23 16,00 0,239 0,177 

89,42 125,80 107,61 9,00 0,134 0,177 

125,80 162,18 143,99 8,00 0,119 0,150 

162,18 198,56 180,37 2,00 0,030 0,108 

198,56 234,94 216,75 1,00 0,015 0,065 

Total  67 1,000 1,000 

Table 6. Probability of existence of organic compounds with different free energy of formation (Helmholtz energy) at 400 K in Interstellar medium. 

Variation interval 

of free energy 

Mean of free energy 

in interval, KJ / mol 

Number of compounds 

in an interval. n 

Existence of compounds 

Probability (empirical) 

Existence of compounds 

Probability (calculated value) 

-87,92 -41,47 -64,70 8 0,119 0,065 

-41,47 4,98 -18,24 16 0,239 0,108 

4,98 51,44 28,21 17 0,254 0,150 

51,44 97,89 74,66 15 0,224 0,177 

97,89 144,34 121,11 7 0,104 0,177 

144,34 190,79 167,57 3 0,045 0,150 

190,79 237,25 214,02 0 0,000 0,108 

237,25 283,70 260,47 1 0,015 0,065 

Total  67 1,000 1,000 

Table 7. Probability of existence of organic compounds with different free energy of formation (Helmholtz energy) at 500 K in Interstellar medium. 

Variation interval 

of free energy 

Mean of free energy in 

interval, KJ / mol 

Number of compounds 

in an interval. n 

Existence of compounds 

Probability (empirical) 

Existence of compounds 

Probability (calculated value) 

-121,00 -85,09 -103,05 4 0,060 0,065 

-85,09 -49,19 -67,14 8 0,119 0,108 

-49,19 -13,28 -31,23 15 0,224 0,150 

-13,28 22,63 4,67 17 0,254 0,177 

22,63 58,53 40,58 11 0,164 0,177 

58,53 94,44 76,48 9 0,134 0,150 

94,44 130,34 112,39 2 0,030 0,108 

130,34 166,25 148,30 1 0,015 0,065 

Total  67 1,000 1,000 

Table 8. Probability of existence of organic compounds with different free energy of formation (Helmholtz energy) at 650 K in Interstellar medium. 

Variation interval of 

free energy 

Mean of free energy 

in interval, KJ / mol 

Number of compounds 

in an interval. n 

Existence of compounds 

Probability (empirical) 

Existence of compounds 

Probability (calculated value) 

-172,50 -104,72 -138,61 8 0,119 0,065 

-104,72 -36,95 -70,84 32 0,478 0,108 

-36,95 30,82 -3,07 21 0,313 0,150 

30,82 98,59 64,70 5 0,075 0,177 

98,59 166,36 132,47 0 0,000 0,177 

166,36 234,13 200,25 0 0,000 0,150 

234,13 301,90 268,02 0 0,000 0,108 

301,90 369,67 335,79 1 0,015 0,065 

Total  67 1,000 1,000 
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Table 9. Probability of existence of organic compounds with different free energy of formation (Helmholtz energy) at 700 K in Interstellar medium. 

Variation interval of free 

energy 

Mean of free energy in 

interval, KJ / mol 

Number of compounds 

in an interval. n 

Existence of compounds 

Probability (empirical) 

Existence of compounds 

Probability (calculated value) 

-190,08 -155,48 -172,78 3 0,045 0,065 

-155,48 -120,88 -138,18 5 0,075 0,108 

-120,88 -86,27 -103,57 18 0,269 0,150 

-86,27 -51,67 -68,97 16 0,239 0,177 

-51,67 -17,07 -34,37 12 0,179 0,177 

-17,07 17,53 0,23 9 0,134 0,150 

17,53 52,14 34,84 3 0,045 0,108 

52,14 86,74 69,44 1 0,015 0,065 

Total  67 1,000 1,000 

Table 10. Probability of existence of organic compounds with different free energy of formation (Helmholtz energy) at 750 K in Interstellar medium. 

Variation interval of free 

energy 

Mean of free energy in 

interval, KJ / mol 

Number of compounds 

in an interval. n 

Existence of compounds 

Probability (empirical) 

Existence of compounds 

Probability (calculated value) 

-207,67 -173,60 -190,63 2 0,030 0,065 

-173,60 -139,53 -156,56 4 0,060 0,108 

-139,53 -105,46 -122,49 18 0,269 0,150 

-105,46 -71,39 -88,42 17 0,254 0,177 

-71,39 -37,32 -54,35 13 0,194 0,177 

-37,32 -3,25 -20,28 8 0,119 0,150 

-3,25 30,82 13,78 4 0,060 0,108 

30,82 64,89 47,85 1 0,015 0,065 

Total  67 1,000 1,000 

Table 11. Probability of existence of organic compounds with different free energy of formation (Helmholtz energy) at 800 K in Interstellar medium. 

Variation interval of free 

energy 

Mean of free energy in 

interval, KJ / mol 

Number of compounds 

in an interval. n 

Existence of compounds 

Probability (empirical) 

Existence of compounds 

Probability (calculated value) 

-225,67 -192,13 -208,90 1 0,015 0,065 

-192,13 -158,60 -175,36 6 0,090 0,108 

-158,60 -125,06 -141,83 14 0,209 0,150 

-125,06 -91,52 -108,29 18 0,269 0,177 

-91,52 -57,99 -74,76 14 0,209 0,177 

-57,99 -24,45 -41,22 9 0,134 0,150 

-24,45 9,08 -7,68 4 0,060 0,108 

9,08 42,62 25,85 1 0,015 0,065 

Total  67 1,000 1,000 

Table 12. Probability of existence of organic compounds with different free energy of formation (Helmholtz energy) at 900 K in Interstellar medium. 

Variation interval 

of free energy 

Mean of free energy 

in interval, KJ / mol 

Number of compounds 

in an interval. n 

Existence of compounds 

Probability (empirical) 

Existence of compounds 

Probability (calculated value) 

-262,51 -230,16 -246,34 2 0,030 0,065 

-230,16 -197,81 -213,99 5 0,075 0,108 

-197,81 -165,46 -181,63 10 0,149 0,150 

-165,46 -133,11 -149,28 18 0,269 0,177 

-133,11 -100,76 -116,93 14 0,209 0,177 

-100,76 -68,41 -84,58 11 0,164 0,150 

-68,41 -36,06 -52,23 6 0,090 0,108 

-36,06 -3,70 -19,88 1 0,015 0,065 

Total  67 1,000 1,000 

Table 13. Probability of existence of organic compounds with different free energy of formation (Helmholtz energy) at 1000 K in Interstellar medium. 

Variation interval of free 

energy 

Mean of free energy 

in interval, KJ / mol 

Number of compounds 

in an interval. n 

Existence of compounds 

Probability (empirical) 

Existence of compounds 

Probability (calculated value) 

-302,29 -271,00 -286,64 3 0,045 0,065 

-271,00 -239,72 -255,36 3 0,045 0,108 

-239,72 -208,43 -224,08 8 0,119 0,150 

-208,43 -177,15 -192,79 19 0,284 0,177 

-177,15 -145,86 -161,51 14 0,209 0,177 

-145,86 -114,58 -130,22 11 0,164 0,150 

-114,58 -83,30 -98,94 8 0,119 0,108 

-83,30 -52,01 -67,65 1 0,015 0,065 

Total  67 1,000 1,000 
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a                                                 b                                       c 

   

d                                              e                                         f 

Figure 1. Dynamic of compounds  distribution function on free formation energy, calculated by the temperature change a – at 50 К, b – at 100 К, c – at 200 К, d 

– at 300 К, e – at 400 К, f – at 500 К. 

   

g                                              h                                          i 

   

j                                                            k                                               l 

Figure 2. Dynamic of compounds  distribution function on free formation energy, calculated by the temperature change g – at 650 К, h – at 700 К, i – at 750 К, 

j – at 800 К, k – at 900 К, l – at 1000 К. 
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Table 14. The dynamic of compounds  distribution on free formation energy by the temperature change. 

№ п/п T, K Mean value Variance (dispersion) Chi-square criterion 

1 50 152 8639 0,21094 

2 100 129 10437 0,14562 

3 200 119 8034 0,26378 

4 300 89 7941 0,20777 

5 400 98 12947 0,53934 

6 500 23 7735 0,16860 

7 650 99 27558 2,03010 

8 700 -52 7184 0,20865 

9 750 -71 6964 0,23508 

10 800 -92 6748 0,17939 

11 900 -133 6280 0,12514 

12 1000 -177 5872 0,16014 

 

 

Figure 3. Dynamics of mean value  for the compounds  distribution free 

energy formation function by the temperature change. 

 

Figure 4. Dynamics of Variance (dispersion) of the compounds  distribution 

free energy formation function by the temperature change. 

Table 15. Probability density the compounds  distribution free energy formation function for organic compounds in GMCs. 

№ Compound 
Temperature, К 

50 100 200 300 400 500 650 700 750 800 900 1000 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1 CO 0,00129 0,00103 0,00138 0,00162 0,00137 0,00232 0,00110 0,00329 0,00358 0,00389 0,00453 0,00510 

2 CS 0,00113 0,00158 0,00117 0,00136 0,00118 0,00193 0,00095 0,00276 0,00302 0,00331 0,00396 0,00466 

3 COS 0,00152 0,00199 0,00166 0,00204 0,00155 0,00259 0,00113 0,00346 0,00372 0,00397 0,00453 0,00505 

4 C2O 0,00144 0,00180 0,00121 0,00118 0,00092 0,00120 0,00063 0,00124 0,00126 0,00128 0,00133 0,00146 

5 CO2 0,00162 0,00204 0,00167 0,00187 0,00147 0,00243 0,00106 0,00318 0,00340 0,00365 0,00420 0,00478 

6 C2S 0,00130 0,00171 0,00123 0,00133 0,00109 0,00163 0,00081 0,00206 0,00220 0,00235 0,00273 0,00323 

7 C2H2 0,00284 0,00309 0,00306 0,00334 0,00242 0,00398 0,00154 0,00460 0,00474 0,00485 0,00498 0,00483 

8 H2CO 0,00268 0,00295 0,00280 0,00302 0,00218 0,00360 0,00139 0,00428 0,00447 0,00465 0,00500 0,00519 

9 H2CS 0,00251 0,00281 0,00257 0,00276 0,00200 0,00327 0,00127 0,00393 0,00413 0,00433 0,00475 0,00514 

10 HNCO 0,00226 0,00261 0,00230 0,00246 0,00181 0,00293 0,00117 0,00354 0,00373 0,00393 0,00438 0,00485 

11 HOCN 0,00238 0,00270 0,00242 0,00259 0,00188 0,00305 0,00120 0,00366 0,00385 0,00405 0,00448 0,00493 

12 HSCN 0,00184 0,00223 0,00180 0,00191 0,00145 0,00225 0,00096 0,00268 0,00281 0,00297 0,00333 0,00379 

13 c-SiC3 0,00169 0,00208 0,00159 0,00167 0,00128 0,00190 0,00086 0,00220 0,00230 0,00240 0,00266 0,00301 

14 CH4 0,00394 0,00380 0,00417 0,00433 0,00315 0,00454 0,00192 0,00449 0,00441 0,00429 0,00390 0,00326 

15 СН2СО 0,00307 0,00323 0,00314 0,00331 0,00231 0,00371 0,00138 0,00422 0,00437 0,00453 0,00486 0,00517 

16 CH2NH 0,00355 0,00357 0,00372 0,00390 0,00276 0,00430 0,00165 0,00469 0,00478 0,00485 0,00491 0,00477 

17 l-C3H2 0,00307 0,00323 0,00315 0,00331 0,00232 0,00372 0,00138 0,00423 0,00439 0,00455 0,00488 0,00518 

18 c-C3H2 0,00292 0,00312 0,00300 0,00317 0,00223 0,00358 0,00134 0,00410 0,00426 0,00442 0,00477 0,00511 

19 HCCCN 0,00287 0,00308 0,00295 0,00312 0,00220 0,00354 0,00132 0,00404 0,00420 0,00436 0,00470 0,00505 

20 HC2NC 0,00246 0,00275 0,00242 0,00254 0,00182 0,00287 0,00112 0,00331 0,00346 0,00361 0,00396 0,00439 

21 HC(O)CN 0,00271 0,00294 0,00269 0,00278 0,00195 0,00308 0,00116 0,00348 0,00361 0,00375 0,00406 0,00445 

22 HCOOH 0,00313 0,00327 0,00319 0,00333 0,00233 0,00372 0,00138 0,00421 0,00436 0,00451 0,00485 0,00515 

23 NH2CN 0,00326 0,00336 0,00335 0,00351 0,00245 0,00390 0,00145 0,00438 0,00453 0,00468 0,00497 0,00521 

24 SiH4 0,00276 0,00302 0,00289 0,00311 0,00223 0,00365 0,00139 0,00427 0,00444 0,00461 0,00495 0,00521 

25 CH3OH 0,00412 0,00387 0,00429 0,00438 0,00316 0,00453 0,00185 0,00463 0,00465 0,00464 0,00455 0,00429 
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№ Compound 
Temperature, К 

50 100 200 300 400 500 650 700 750 800 900 1000 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

26 CH3CN 0,00389 0,00375 0,00402 0,00414 0,00290 0,00439 0,00166 0,00469 0,00478 0,00486 0,00500 0,00504 

27 CH3NC 0,00382 0,00372 0,00394 0,00406 0,00282 0,00431 0,00161 0,00464 0,00474 0,00484 0,00503 0,00515 

28 H2CCNH 0,00382 0,00372 0,00322 0,00407 0,00285 0,00434 0,00163 0,00466 0,00476 0,00485 0,00503 0,00511 

29 NH2CHO 0,00377 0,00369 0,00388 0,00400 0,00280 0,00429 0,00160 0,00464 0,00474 0,00484 0,00503 0,00512 

30 НСССНО 0,00349 0,00350 0,00354 0,00363 0,00248 0,00388 0,00140 0,00423 0,00434 0,00447 0,00474 0,00503 

31 c-H2C3O 0,00360 0,00357 0,00366 0,00377 0,00260 0,00405 0,00147 0,00441 0,00454 0,00466 0,00493 0,00518 

32 СН3SH 0,00380 0,00370 0,00391 0,00403 0,00280 0,00429 0,00160 0,00463 0,00473 0,00483 0,00503 0,00516 

33 CH2CHCN 0,00410 0,00386 0,00421 0,00428 0,00300 0,00444 0,00165 0,00467 0,00476 0,00485 0,00503 0,00519 

34 CH3NH2 0,00428 0,00384 0,00443 0,00442 0,00345 0,00431 0,00207 0,00410 0,00402 0,00392 0,00366 0,00326 

35 HC5N 0,00361 0,00359 0,00366 0,00372 0,00250 0,00382 0,00133 0,00398 0,00403 0,00409 0,00421 0,00438 

36 СН3СНО 0,00423 0,00390 0,00439 0,00445 0,00325 0,00453 0,00187 0,00461 0,00462 0,00462 0,00458 0,00440 

37 H2CCHOH 0,00425 0,00391 0,00441 0,00446 0,00326 0,00453 0,00186 0,00463 0,00466 0,00468 0,00470 0,00461 

38 c-C2H4O 0,00424 0,00390 0,00440 0,00446 0,00327 0,00453 0,00189 0,00458 0,00460 0,00459 0,00454 0,00437 

39 СН3ССН 0,00426 0,00390 0,00442 0,00446 0,00328 0,00453 0,00188 0,00460 0,00462 0,00463 0,00461 0,00448 

40 CH3CCCN 0,00425 0,00390 0,00438 0,00442 0,00313 0,00449 0,00167 0,00467 0,00474 0,00482 0,00500 0,00518 

41 HCOOCH3 0,00429 0,00390 0,00443 0,00446 0,00323 0,00453 0,00175 0,00471 0,00478 0,00486 0,00503 0,00519 

42 CH3COOH 0,00429 0,00387 0,00445 0,00448 0,00334 0,00451 0,00188 0,00461 0,00465 0,00469 0,00477 0,00477 

43 H2C6 0,00402 0,00381 0,00406 0,00406 0,00273 0,00407 0,00138 0,00409 0,00411 0,00412 0,00416 0,00419 

44 СН2ОНСОН 0,00429 0,00390 0,00443 0,00446 0,00321 0,00453 0,00172 0,00470 0,00478 0,00485 0,00503 0,00521 

45 l-HC6H 0,00413 0,00387 0,00424 0,00429 0,00297 0,00437 0,00155 0,00452 0,00459 0,00465 0,00480 0,00496 

46 CH2CHCHO 0,00429 0,00389 0,00444 0,00447 0,00329 0,00453 0,00181 0,00469 0,00476 0,00482 0,00498 0,00509 

47 CH2CCHCN 0,00423 0,00390 0,00434 0,00436 0,00305 0,00443 0,00160 0,00459 0,00466 0,00474 0,00491 0,00508 

48 H2NCH2CN 0,00429 0,00386 0,00445 0,00447 0,00334 0,00452 0,00185 0,00466 0,00472 0,00478 0,00491 0,00501 

49 CH3CН2ОН 0,00381 0,00332 0,00394 0,00389 0,00349 0,00377 0,00218 0,00368 0,00365 0,00363 0,00355 0,00343 

50 CH3С4Н 0,00422 0,00375 0,00440 0,00442 0,00342 0,00446 0,00188 0,00463 0,00470 0,00477 0,00495 0,00511 

51 CH3CH2CN 0,00404 0,00356 0,00421 0,00420 0,00350 0,00416 0,00206 0,00420 0,00423 0,00426 0,00432 0,00433 

52 HC7N 0,00413 0,00387 0,00419 0,00417 0,00278 0,00407 0,00133 0,00389 0,00383 0,00376 0,00357 0,00335 

53 СН3ОСН3 0,00385 0,00336 0,00398 0,00393 0,00350 0,00379 0,00218 0,00368 0,00365 0,00362 0,00354 0,00338 

54 CH3C(O)NH2 0,00411 0,00362 0,00427 0,00425 0,00350 0,00417 0,00208 0,00413 0,00412 0,00412 0,00408 0,00396 

55 C3H6 0,00381 0,00332 0,00391 0,00382 0,00348 0,00355 0,00225 0,00325 0,00316 0,00306 0,00282 0,00251 

56 (CH3)2CO 0,00350 0,00307 0,00368 0,00370 0,00348 0,00372 0,00216 0,00384 0,00390 0,00394 0,00406 0,00417 

57 CH3C5N 0,00422 0,00376 0,00443 0,00446 0,00332 0,00454 0,00168 0,00465 0,00469 0,00472 0,00476 0,00474 

58 (CH2OH)2 0,00358 0,00314 0,00377 0,00380 0,00349 0,00387 0,00211 0,00406 0,00413 0,00420 0,00438 0,00455 

59 CH3CH2CHO 0,00354 0,00309 0,00367 0,00362 0,00345 0,00350 0,00223 0,00341 0,00339 0,00337 0,00332 0,00321 

60 NH2CH2COOH 0,00381 0,00336 0,00404 0,00408 0,00350 0,00419 0,00201 0,00443 0,00452 0,00462 0,00483 0,00504 

61 CH3C6H 0,00380 0,00335 0,00406 0,00413 0,00349 0,00434 0,00189 0,00465 0,00475 0,00485 0,00503 0,00515 

62 C2H5OCHO 0,00328 0,00290 0,00353 0,00360 0,00347 0,00378 0,00211 0,00410 0,00421 0,00432 0,00459 0,00485 

63 HC9N 0,00429 0,00387 0,00444 0,00443 0,00303 0,00427 0,00134 0,00381 0,00362 0,00340 0,00286 0,00227 

64 C2H5OCH3 0,00196 0,00178 0,00203 0,00205 0,00290 0,00207 0,00238 0,00215 0,00218 0,00222 0,00230 0,00238 

65 n-C3H7CN 0,00227 0,00204 0,00240 0,00243 0,00310 0,00252 0,00233 0,00273 0,00280 0,00286 0,00306 0,00324 

66 C6H6 0,00244 0,00219 0,00254 0,00249 0,00309 0,00241 0,00236 0,00242 0,00244 0,00245 0,00250 0,00254 

67 HC11N 0,00404 0,00359 0,00435 0,00446 0,00160 0,00442 0,00135 0,00374 0,00343 0,00305 0,00221 0,00137 

Table 16. Probabilistic assessment of the potential mass (resources) of organic compounds found in the universe, calculated according the free energy of 

formation as a function of temperature. 

№ Compound 
The estimated mass of compound in the Universe in tera-masses of the Sun (2·1042), kg 

50 100 200 300 400 500 650 700 750 800 900 1000 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1 CO 13 10 14 16 14 23 11 33 36 39 45 51 

2 CS 11 16 12 14 12 19 10 28 30 33 40 47 

3 COS 15 20 17 20 15 26 11 35 37 40 45 51 

4 C2O 14 18 12 12 9 12 6 12 13 13 13 15 

5 CO2 16 20 17 19 15 24 11 32 34 36 42 48 

6 C2S 13 17 12 13 11 16 8 21 22 24 27 32 

7 C2H2 28 31 31 33 24 40 15 46 47 49 50 48 

8 H2CO 27 30 28 30 22 36 14 43 45 47 50 52 

9 H2CS 25 28 26 28 20 33 13 39 41 43 48 51 
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№ Compound 
The estimated mass of compound in the Universe in tera-masses of the Sun (2·1042), kg 

50 100 200 300 400 500 650 700 750 800 900 1000 

10 HNCO 23 26 23 25 18 29 12 35 37 39 44 49 

11 HOCN 24 27 24 26 19 31 12 37 38 40 45 49 

12 HSCN 18 22 18 19 14 22 10 27 28 30 33 38 

13 c-SiC3 17 21 16 17 13 19 9 22 23 24 27 30 

14 CH4 39 38 42 43 31 45 19 45 44 43 39 33 

15 СН2СО 31 32 31 33 23 37 14 42 44 45 49 52 

16 CH2NH 35 36 37 39 28 43 17 47 48 48 49 48 

17 l-C3H2 31 32 32 33 23 37 14 42 44 45 49 52 

18 c-C3H2 29 31 30 32 22 36 13 41 43 44 48 51 

19 HCCCN 29 31 30 31 22 35 13 40 42 44 47 51 

20 HC2NC 25 27 24 25 18 29 11 33 35 36 40 44 

21 HC(O)CN 27 29 27 28 20 31 12 35 36 37 41 44 

22 HCOOH 31 33 32 33 23 37 14 42 44 45 48 52 

23 NH2CN 33 34 34 35 25 39 14 44 45 47 50 52 

24 SiH4 28 30 29 31 22 37 14 43 44 46 50 52 

25 CH3OH 41 39 43 44 32 45 18 46 46 46 46 43 

26 CH3CN 39 38 40 41 29 44 17 47 48 49 50 50 

27 CH3NC 38 37 39 41 28 43 16 46 47 48 50 51 

28 H2CCNH 38 37 32 41 29 43 16 47 48 49 50 51 

29 NH2CHO 38 37 39 40 28 43 16 46 47 48 50 51 

30 НСССНО 35 35 35 36 25 39 14 42 43 45 47 50 

31 c-H2C3O 36 36 37 38 26 40 15 44 45 47 49 52 

32 СН3SH 38 37 39 40 28 43 16 46 47 48 50 52 

33 CH2CHCN 41 39 42 43 30 44 17 47 48 48 50 52 

34 CH3NH2 43 38 44 44 35 43 21 41 40 39 37 33 

35 HC5N 36 36 37 37 25 38 13 40 40 41 42 44 

36 СН3СНО 42 39 44 44 32 45 19 46 46 46 46 44 

37 H2CCHOH 43 39 44 45 33 45 19 46 47 47 47 46 

38 c-C2H4O 42 39 44 45 33 45 19 46 46 46 45 44 

39 СН3ССН 43 39 44 45 33 45 19 46 46 46 46 45 

40 CH3CCCN 43 39 44 44 31 45 17 47 47 48 50 52 

41 HCOOCH3 43 39 44 45 32 45 18 47 48 49 50 52 

42 CH3COOH 43 39 45 45 33 45 19 46 47 47 48 48 

43 H2C6 40 38 41 41 27 41 14 41 41 41 42 42 

44 СН2ОНСОН 43 39 44 45 32 45 17 47 48 49 50 52 

45 l-HC6H 41 39 42 43 30 44 16 45 46 47 48 50 

46 CH2CHCHO 43 39 44 45 33 45 18 47 48 48 50 51 

47 CH2CCHCN 42 39 43 44 30 44 16 46 47 47 49 51 

48 H2NCH2CN 43 39 45 45 33 45 19 47 47 48 49 50 

49 CH3CН2ОН 38 33 39 39 35 38 22 37 36 36 36 34 

50 CH3С4Н 42 38 44 44 34 45 19 46 47 48 49 51 

51 CH3CH2CN 40 36 42 42 35 42 21 42 42 43 43 43 

52 HC7N 41 39 42 42 28 41 13 39 38 38 36 33 

53 СН3ОСН3 38 34 40 39 35 38 22 37 36 36 35 34 

54 CH3C(O)NH2 41 36 43 43 35 42 21 41 41 41 41 40 

55 C3H6 38 33 39 38 35 36 22 32 32 31 28 25 

56 (CH3)2CO 35 31 37 37 35 37 22 38 39 39 41 42 

57 CH3C5N 42 38 44 45 33 45 17 47 47 47 48 47 

58 (CH2OH)2 36 31 38 38 35 39 21 41 41 42 44 45 

59 CH3CH2CHO 35 31 37 36 35 35 22 34 34 34 33 32 

60 NH2CH2COOH 38 34 40 41 35 42 20 44 45 46 48 50 

61 CH3C6H 38 33 41 41 35 43 19 47 48 48 50 52 

62 C2H5OCHO 33 29 35 36 35 38 21 41 42 43 46 48 

63 HC9N 43 39 44 44 30 43 13 38 36 34 29 23 

64 C2H5OCH3 20 18 20 20 29 21 24 22 22 22 23 24 

65 n-C3H7CN 23 20 24 24 31 25 23 27 28 29 31 32 

66 C6H6 24 22 25 25 31 24 24 24 24 24 25 25 

67 HC11N 40 36 44 45 16 44 13 37 34 30 22 14 
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Table 17. Resources of amino acids and nitrogenous bases in the Universe, calculated according the free energy of formation. 

№  Compound 
Resources of compound in the Sun’s mass T, К 

2 100 300 

1 2 3 3 4 

1  Adenine 253·1012 17·1012 22·1012 

2  Guanine 154·1012 15·1012 20·1012 

3  Thymin 279·1012 16·1012 20·1012 

4  Cytosine 268·1012 25·1012 31·1012 

5  Uracyl 279·1012 32·1012 39·1012 

6  Glycine 246·1012 34·1012 41·1012 

7  Alanine 257·1012 18·1012 22·1012 

8  Serine 274·1012 16·1012 21·1012 

9  Cysteine 283·1012 20·1012 27·1012 

10  Asparaginic acid 256·1012 10·1012 14·1012 

11  Asparagine 219·1012 6·1012 9·1012 

12  Threonine 249·1012 4·1012 5·1012 

13  Proline 257·1012 4·1012 4·1012 

14  Glutamine acid 245·1012 3·1012 4·1012 

15  Valin 277·1012 1,036·1012 1,019·1012 

16  Glutamine 237·1012 1,220·1012 1,619·1012 

17  Histidine 210·1012 1,639·1012 2,151·1012 

18  Methionine 283·1012 1,156·1012 1,679·1012 

19  Leucine 263·1012 0,121·1012 0,096·1012 

20  Isoleucine 263·1012 0,121·1012 0,097·1012 

21  Phenylalanine 159·1012 0,00011·1012 0,00003·1012 

22  Tyrosine 70·1012 0,113·1012 0,120·1012 

23  Lysin 280·1012 0,030·1012 0,024·1012 

24  Arginine 215·1012 0,012·1012 0,014·1012 

25  Tryptophane 64·1012 0,001·1012 0,001·1012 

26  Glucose 0 0,108·1012 0,102·1012 

Table 18. Some hydrocarbon gas resources in the Universe, calculated according the free energy of formation. 

Compound 
Resources of compound in the Sun’s mass T, К 

100 300 500 

Methane 38·1012 (38%) 43·1012 (43%) 45·1012 (45%) 

Ethane 35·1012 (35%) 40·1012 (40%) 37·1012 (37%) 

Propane 19·1012 (19%) 21·1012 (21%) 19·1012 (19%) 

Butane 7·1012 (7%) 6·1012 (6%) 6·1012 (6%) 

Pentane 1·1012 (1%) 1·1012 (1%) 1·1012 (1%) 

Table 19. Resources of some hydrocarbons in the Universe, calculated according the free energy of formation. 

Compound 
Resources of compound in the Sun’s mass T, К 

100 300 500 

1 2 3 4 

Benzene 22·1012 25·1012 24·1012 

Naphthalene 3·1012 3·1012 3·1012 

Antracene 9·1010 6·1010 14·1010 

Cyclohexane 7·1011 4·1011 4·1011 

Asphaltenes 3·10-10 6·10-14 16·10-10 

Hexane 2·1011 1·1011 2·1011 

Heptane 13·109 6·109 16·109 

Octane 6·108 2·108 8·108 

Nonyl hydride 16·106 3·106 29·106 

Decane 28·104 3·104 66·104 

C8H10 2·1012 2·1012 2·1012 

C11H10 4·1011 3·1011 5·1011 

C16H10 2·1010 1·1010 4·1010 

C16H14 23·107 6·107 43·107 
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Table 20. Resources of some oil hydrocarbons in the Universe, calculated according the free energy of formation. 

Hydrocarbons 
Resources of compound in the Sun’s mass T, К 

100 К 300 К 500 К 

н- Paraffins C1 - C10 28·104 – 38·1012 3·104 – 43·1012 66·104 – 45·1012 

Cycloalkanes  

21·108 – 7·1011 4·108 – 4·1011 8·108 – 4·1011 

Monoaromatic  

2·1012 – 22·1012 2·1012 – 25·1012 2·1012 – 24·1012 

Biaromatic  

4·1011 – 3·1012 3·1011 – 3·1012 5·1011 – 3·1012 

Trioaromatic 

 

23·107 – 9·1010 6·107 – 6·1010 43·107 – 14·1010 

Asphalt-resinous substances 

 

3·10-10 – 2·1010 1·10-13 – 1·1010 2·10-9 – 4·1010 

 

Table 21. Resources of fullerene in the Universe, calculated according the 

free energy of formation. 

Compound 
Resources of compound in the Sun’s mass T, К 

100 300 500 

fullerene C20 2·1012 1·1012 2·1012 

fullerene C60 3·10-5 2·10-8 1·10–5 

fullerene C80 3·10-21 8·10-28 9·10-22 

5. Discussion of Results 

The analysis of the data showed that by the temperature increase 

the mean value of distribution function of the chemical 

compound calculated on the free energy is displaced to negative 

values (Fig. 1). With all this going on the normal distribution 

conservation (tab. 14). Table 14 shows the temperature dynamics 

of the average values (mathematical expectation), variances, and 

the criterion χ2 of the free energies of molecules. Fig. 2 shows the 

evolution of the expectation, in Fig. 3 - the dynamics of the 

variance calculated on the free energy. 

6. Conclusions 

Thus computer calculations have confirmed, that in 

interstellar medium is saved the normal distribution of 

compounds and the equilibrium thermodynamic model is 

confirmed for all molecules in the Space. The date testify that 

distribution of compounds is stable in possible temperature 

range. So the Space contain significant resources of organic 

molecules, which are necessary for life origin. Moreover, the 

results of calculations using model for estimation of organic 

molecules recourses in the Space are confirmed by the data of 

astrophysical observations. 
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