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Abdgract. Kinetic scheme of formation of molecule
fluctuations in gas and liquid phases is proposed.
Distribution of molecule number in molecule fluctuations
on the number of molecule fluctuations in the unit volume
of the system is calculated. Correlation eguations for
surface tension, liquid viscosity and molecule number in
molecule fluctuations in gas and liquid phases as well as
corrdation eguation between saturation vapour pressure,
liquid density and temperature are proposed.
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1. Introduction

Investigation of equilibrium between liquid and
vapor for pure substances is interesting to understand the
dynamics and structure of molecule fluctuations in liquid
and gas phases. It enables theoretical description of the
appearance of interface between gas and liquid and of some
properties of liquids such as viscosity. Models of molecule
behavior in gas and liquid are described by multy-Y ukawa
hard-sphere fluid [1], replica Osnstein-Zernike equations
for polydisperse quenched-annealed fluids [2], fractional
dynamics from the ordinary Langevin eguation [3],
subordinated Brownian motion and its fractional Fokker-
Panck eguation [4] and local and cluster critical dynamics
of 3D random-site Osong model [5]. These models show
formation of fluctuations of molecule density in gas and
liquid phases and they can explain the changes in liquid
viscosity at difference temperatures. Unfortunately these
theories need many correction coefficients for numerical
calculations of the values of experimentaly obtained
parameters. There are well-known empirical equations
describing dependences between surface tension and liquid
density [6]:
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where P is parahor, p; and pq are densities of liquid and ges,
o is surface tension. Parachor of molecule can be calculated
asthe sum of productions of the congtants of different atoms
on atom numbers in this molecule;

P=ax+by+cz+...
where a, b, and ¢ are consgtants describing atom contribution
in parahar, X, y, zare the number of atomsin molecule.

The aim of this article is to create a kinetic moddl of
formation of molecule fluctuationsin liquid and gas phases
and to obtain eguations binding saturation vapor pressure,
liquid density, liquid viscosity, and surface tension between
gasand liquid phases.

2. Results and Discussion

Formeation of interface between gasand liquid phases
takes place under the critical point for smple substances.
However optical density of the system in this point is much
greater than optical density of liquid or gas. It is evidently
bound with the formation of stable microdrops of liquid or
gtable fog formation. Therefore, there is no vishle interface
between gas and liquid at critical point, but evidently there
is an interface between liquid microdrops of liquid and gas.
Some difference between the density of liquid microdrops
and the density of gas found from the saturation vapor
pressure at the critical point can be expected. Molar volume
of real gasesislessthan ided gas that can be explained by
formation of intermediate molecule fluctuation where
molecules are bound by hydrogen, Van-der-Waals or other
binds. Average molecule number in these fluctuations is
equal evidently to the ratio of molar volume of real gas to
molar volume of idedl gas:
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where R is absolute gas constant, T is temperature, Vi is
molar volumeif ideal gas.

Liquid forms microdrops with molecule number
greater than in fluctuations in gas phase taking into account
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that in critical point gas and liquid are present in one phase. 2F=F 3

Number of molecules in microdrops is greater than in gas Fi+F=F3 4

phase, so in the first approximation average molecule 2F=F4 (5)

number in drop can be estimated as the ratio of molar Fi+F:3=F4 (6)
density of the systemto the molar volume of ideal gas:

Fi+F=Fy (7)

N = VM r ) where F; isthe molecule fluctuation containing i molecules.

lig — M
wherep isthe dengty of the systemin the critical point, M is

the molecular mass of asimple substance.
Fig. 1 shows that the dependence between the

The number of molecule fluctuations in the unite
volume of the system in equilibrium state can be described
by the system of equations.

molecule number in molecule fluctuations in gas and liquid KN én‘ N = én‘ N 6)
phases and temperature are close to linear for the most of e
simple substances. Correlation coefficients of straight lines n n
are 0.72 and 0.71 for gas and liquid correspondingly. The KN,a N, =a N, 9)
ratio of average molecule number in liquid microdrops and k=1 k=3
in molecule fluctuations in gas phase is evidently close to e e
congtant for the most of simple substances (Fig. 2). This KN;a N, =a N, (10)
dependence can be described by draight line with k=1 k=4
corrdation coefficient 0.919. The tangent of the Slopeangle
of graight line equalsto 3.05. Y Y
KN;a N, =a Ny (11
400 = k=1 k=2
w0l o o whereK isequilibrium constant.
a2 The overall number of molecule fluctuations in the
0 unit volume in the system equalsto:
250 1 n
Z 2004 N :é Nk (12)
150 4 k=1
100 The number of molecules in the unit volume of
50 system equals to:
n
’ 0 200 400 600 800 1000 NO = é ka No =X kN (13)
T, K k=1
_ _ The number of fluctuations containing k moleculesin
Fig. 1. Dependence of the molecule number in molecule the unit volume of the system can be obtained from Egs.
fluctuationsin gas (1) and liquid (2) phases on temperature (8)~(13).
400 - N
350 4 Nl = KN +1 (14)
300 1
KN?
250 - = o a2 (15)
£ 200 (KN +2)
150 4 K™N"
= 16
100 1 n (KN + 1) n ( )
] The equation of the average number of molecules in the
0

o 2 0 o0 20 o 0 fluctuati on was obtai ned taking into account Egs. (12)—(16).

Ngas No _1+2[ KN/(KN +1)] +3[ KN /(KN +1)]?
Fig. 2. Rdationship between mol_ecu!enumberinfluctuationin gas N KN +1 (17)
phase and liquid phase . (n+1)[ KN /(KN +1)] "
Therefore the mechanism of formation of molecule KN +1 .
fluctuations in gas and liquid pheses is evidently idertica If the formetion of molecule fluctuations takes place,

and can be described by equations: the value of K> 0 and [KN/(KN + 1)] < 1. In this case the
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raw (18) islimited and the numerical calculation of Eq. (17)
transformsinto Eq. (19).

1+2] KN /(KN +1)] +3[ KN /(KN +1)] 2 +

(18)
+(N+1)[ KN /(KN +1)] "
& =1+KN (19)
N

The didribution of the number of molecule
fluctuation on the number of moleculesin one fluctuationin
this case can be described by Eq. (20):

k@ - %"
R(K) = % 20)
wherea = NyN.

Fig. 3 shows the distribution of the number of
molecule fluctuations on the number of molecules in one
fluctuation in gas and liquid phases at critical temperature
(& and temperature lower than critical (b). These two
curves cross in all cases and there is a common area for
liquid and gas curves. Its surface area decreases when the
temperature of the system decreases. Therefore interface
between gas and liquid phases appears at definite ratio of
average number of molecules in fluctuations in gas and
liguid phases. Surface tension between these phases
increases when the difference between the number of
fluctuations in liquid and gas phases out of common area
between two distribution curves increases. The absciss of
cross point of these two curves can be found from Eq. (21):

I(c = In[( N0gas/ Ngas' 1)/( NOlig / NIig - 1)] ”n{ N0gas/ Ngas' 1)1 (21)
’ ( Nolog/ NIig )/[( NOgas/ Ngas )( NOlig / NIog - 1]}

where Nogas and Ngas are the numbers of molecules and
molecule fluctuations in gas, Noiq and Njiq are the numbers
of molecules and molecule fluctuations in liquid,
respectively.

The number of fluctuations in the unit volume of
liquid phase common with the number of fluctuationsin the
unit volume of liquid phase can be calculated by integration
of thearea under liquid curve (Fig. 3) till the value of k..

ke
Ng =Ny K(Ngig / Nijg = DEP I(Ngo / Ny ) (22
0

Olog
where Ny isthe number of fluctuationsin the unit volume of
ges phase.

The number of fluctuations in the unit volume of
liquid phase common with the number of fluctuationsin the
unit volume of gas phase can be calculated by integration of
the area under gas curve (Fig. 3) from the value of k..

¥
Ng, = Ny K(Nogas / Ngog - DEP /(N
ke

where N is the number of fluctuationsin the unit volume of
liquid phase.

I Ngo) (23

Ogas
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Fig. 3. Digtribution of the fluctuation number in the unit volume on

molecule number in gas (1) and liquid (2) for NH; at critical
temperature of 405.4 K (a) and 323K (b)

Dependence of surface tenson on the difference
between the number of fluctuations in the unit volume of
liquid out of common area and gas phases out of common
area can be described by Eq. (24):

Ins = A +BIn[(N, - N)- (Ng - Ng)l  (24)

where A and B are constants for individual compounds.

Fig. 4 shows that experimental data on the surface
tenson at different temperatures for simple compounds lie
on draight line. Values of correlation coefficients and
congtants are presented in Table 1.
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Fig. 4. Dependence of surfacetension between liquid and saturated
vapor on the difference between the number of fluctuationsin the
unit volume of liquid and the number of fluctuationsin the unit
volume of gas phases out of common areafor CO, (1), H:O (2),
ethanal (3), benzene (4), and Hg (5)
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Table1
Correélation coefficients and values of constants
in Egs. (24) and (25)

Substance | R A Bs R An By
Hg 1 284 | -14.62 | 0995 | 0.358 | -3.92
CO, 0.987 |5.03 | -29.18 - - -
H,O 0976 |4.98 | -31.19 | 0.997 | 0.338 | -2.82
Benzene 1 360 | -16.54 | 0.986 | 0.563 | -8.31
Ethanol 1 3.81 | -19.61 | 0.740 | 0.027 | -0.28

Liquid moving can be described as a displacement
of liquid fluctuation in gas phase taking into account that
the part of liquid molecule fluctuations contains the number
of molecules equal to that in gas phase. Therefore liquid
viscasity may be proportional to the division of the number
of fluctuations in the unit volume of liquid out of common
area on the number of fluctuations in the unit volume of gas
phases out of common area and can be described by
equation:

Inh = A, +B,IN[(N; - N)/(Ng - Ng)l — (29)

where A, and By, are congtants for individual compounds.

Dependence of the viscosity at different temperatures
on the division of the number of fluctuations in the unit
volume of liquid out of common area on the number of
fluctuations in the unit volume of gas phases out of
common area are described by the draight lines (Fig. 5).
The values of correlation coefficients and the constants are
presented in Table 1.
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Fig. 5. Dependence of liquid viscosity on thedivision of the
number of fluctuationsin the unit volume of liquid on the number
of fluctuationsin the unit volume of gas phases out of common
areafor H,O (1), ethanal (2), benzene (3), and Hg (4)

Dedtruction of one molecule fluctuation of liquid
phase leads to the formation of several numbers of
molecule fluctuations of gas phase and this process needs
some quantity of energy. Therefore dependence between
the value of liquid phase density and the saturated vapor
pressure can be described by equation:
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In(P)-a*In(r)=A,+B,/T (26)

where P is saturation vapor pressure over the liquid of
substance, o is the constant describing the numbers of
molecule fluctuations of gas phase formed from one
molecule fluctuation of liquid phase, p is the density of
liquid phase, A, and B, are temperature coefficients, T isthe
temperature.

Fig. 6 shows that experimental data lie on the
draight linesin coordinates of Eq. (23). Thereisabreak on
the straight line for system containing CO, in the point of
replacement of liquid carbon dioxide into solid date
Vaues of correation coefficients of draight lines and
congtants are presented in Table 2.
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Fig. 6. Rdationship between saturation vapor pressure, liquid
density and temperaturein coordinates of Eq. (23) for NH; (1),
n-butane (2), SO, (3), CO, liquid (4), CO, sdlid (5), CF.Cl, (6),

CHF.CI (7), CH, (8) and ethylene (9)

Table 2
Corrdation coefficientsand values
of constantsin Eq. (26)

Substance R a A By
NH; 1 03| -2904 205
0, 1 03| -3128 20.4
CO, (liquid) 1 0 | -1983 224
CO, (solid) 1 0 | -3113 27.6
CH, 0.999 0 | -1025 20.7
Ethylene 1 0 | -1653 21.3
n-Butane 0999 | 03| -2903 19.4
CF.Cl, 1 01| -2536 21.0
CHF.CI 0999 | 03| -25%4 19.7

3. Conclusions

The proposed kingtic scheme of formation of
molecule fluctuations in gas and liquid phases allows to
obtain didribution of molecule number in molecule
fluctuations on the number of molecule fluctuations in the
unit volume of the system, correlation equations for surface
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tension, liquid viscosity and molecule number in molecule JESIKI 3AJIEZKHOCTI MK T'YCTUHOIO
fluctuations in gas and liquid phases as wdl as correlation 1 B’ SI3KICTIO PIJIMHUA, TACKOM HACUYEHOI
eguation between saturation vapor pressure, liquid density ITAPA 1 TOBEPXHEBUM HATAT OM

and temperature.

Anomauia. 3anpononosana KiHemuuHa cxema YMBOPEHHs.
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