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UNCERTAINTY OF SPATIAL DISTRIBUTION OF
INHOMOGENEOUS PARTICLES IN LIMITED VOLUME

The motion of inhomogeneous non spherical particle in viscous medium under the
influence of potential field in limited volume has been considered. Spatial distribution of
such a particle is uncertain when whole free volume is small. Such an uncertainty is
possible for cell organelles within a cell and also for spatial distribution of segments of
polypeptide chain of a protein macromolecule or other molecules adsorbed on the

segments.
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Introduction

As it has been shown earlier [1], the
distribution of distances between two
bounded particles with different shapes and
dimensions in viscous medium is determined
unambiguously by their interaction potential
and macroscopic parameters. It is a
consequence of dissipative processes, which
differently depend on directions of the
particles movement. Do other variants of
analogical uncertainties exist? An attempt was
here done to present more simple model of
such a dissipative anisotropy.

Consideration of the model

Let us consider the movement of
inhomogeneous non spherical particle in
viscous medium under the influence of
gravity [2]. The particle freely moves in
limited volume, which has the shape of cube.
Such a movement can be described as:

mx+hx+(m-m, )g+F, =A(t) (1)
my+hy+F, = A,(t) (2)
mz+hz+F, = A (t), 3)

where m and m, are correspondingly the
particle mass and the mass of the medium of
the same volume; h is friction coefficient of
the particle depending on its orientation
toward the movement direction; X, y, z are
coordinates of mass centrum of the particle; g
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is gravity centrifugation; Ax(t), Ay(t), A,(t) are
projections of fluctuation force on coordinate
axes; Fx(x), Fy(x), F.(x) are the projections of
the potential force allowing the particle to be
only within the limited volume. For the sake
of simplicity let F, = Fy = F, =0if 0,5d < x
<b;05d<y<b;05d<z<b;b=a-0,5d,
where a is dimension of the cubic free
volume; d is averaged diameter of the particle.
Let us integrate (1) with respect to x.
According to the law of equipartition and the
symmetry of movement laws under a time
reversal transformation we will obtain:

S+25Ep:2|, (4)

X )
IE_[ Adx; h,
X,

2_
where S=(h, —h,) dex;
X
and h, are averaged friction coefficients for a

particle which moves correspondingly from
coordinate surface x; to the surface x, and

back; x is averaged velocity of the particle;
oE, is the difference of potential energies of
the particle on the surfaces x; and Xu:
0 Ep = g(m —mp)(X2 — X1).

As it is known, the spatial distribution
depends on averaged value of energy given
from the heat bath to the system (or in other
words it depends on averaged work should be
done by fluctuation force) for replacement of
the particle from one coordinate surface to the
other [3]. Therefore the spatial distribution
can be written as:


https://en.wikipedia.org/wiki/Symmetry_in_physics
https://en.wikipedia.org/wiki/Time
https://en.wikipedia.org/wiki/Transformation_%28mathematics%29
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P(x, )/ P(x,)=exp(~1/KT), (5)
where P(x) is probability of location of the
particle on surface x. According to (4) and (5)
the spatial distribution of symmetrical
particles (for them h, = h,) is always a
function of their potential energy.

A potential  field can  orient
unsymmetrical particle. So these particles are
differently oriented toward the direction of
their movement during their direct and back

transition. Therefore h, # h, for them and S

in (4) depends on X%. We can average
velocities of the particle by two different
ways: 1) with the respect to the ensemble of
all identical systems containing only the
particles which move from one coordinate

surface to the other (X, ); 2) with the respect

to the ensemble of the systems, containing
only the particles which move from one
coordinate surface to the other being not
returned to previous location during this

transition (X, ). These X, and X, are the

results of averaging of all possible
corresponding trajectories of the particle:
some of them get back or almost get back and
some of them get to the other coordinate
surface. Averaged velocity of the firsts equals
zero or are near zero; averaged velocity of the
lasts (if the mean free path of the particle is
much less then its averaged diameter d ) is
independent from coordinate and equals to
D/d (it is the wvelocity of brownian
translocation of the particle on the distance
equal to its dimension), where D is coefficient
of diffusion of the particle: D = k,T/h, h is
averaged friction coefficient. If the particle
volume Vg, is near whole free volume Vinole,
then:

-~ k T V ar - k T V ar

Xall r— Xdir = (6)
dh thole dh Vdir

where Vi is the volume located between the

surfaces x; and x,. According to (4), (5) and (6):

PG | exp{(x2 —xl)(ﬂJr—g(m_mm)ﬂ, @)

P(x,) 2d k, T
W_hel’e_ VBar/VWholeS X < Vpar/Vdir; Y =
(h, =h,)/h. In common macroscopic

systems y — 0. But if Vpar is not very small
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comparatively to Vynole, then distribution (7)
IS uncertain.

Spatial orientation of the particles

If unsymmetrical particles consist of
only two spherical departments with different
densities, they can be oriented in gravity field.
The relation of probabilities to be the
department 1 under the department 2 (P12)
and the department 2 to be under the
department 1 (P,1) can be written as:

i — exp|:g| (ﬂz My )k?r(lul My )j| ’ (8)

where 1y and , are correspondingly masses
of the departments; pi, and Py are
correspondingly the masses of the medium of
the same volume with the departments 1 and
2; | is the distance between the centers of the
departments. According to formula (8) the
particles are considerably oriented in gravity
field when:

g|| (ﬂl_ﬂlo)_(ﬂz _:uzo) |>>kT- 9)

The density of biological systems has
the order of 10° kg/m®. It is the same with the
density of water. If the departments have not
very differing dimensions and approach one
another, then | has the same order with their
radiuses and | = r; + rp,. At the room
temperature condition (9) can be rewritten as:

Arlg (P = pu) =122 = Pu)) 5y ()
3-10
where p1, p2, pw are correspondingly densities
of the departments 1, 2 and of water; r; and r,
are correspondingly  radiuses of the
departments. According to (10): | ~ 10° m or
bigger. That is the dimensions of biological
cells or their big organelles.
Anisotropy of friction coefficients

Let us elucidate the difference (h, —h,)
in formula (4). According to Stocks' formula,
friction coefficient of a spherical particle
equals h = 6znr, where r is the particle radius;
n is the medium viscosity. In the case, when
the particle consists of two rigidly bounded
spherical departments of different radiuses,
the friction coefficient of the particle equals
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h= 67y (e, +exl,), (11)
where €, and ¢, are coefficients of the
influence of the moving departments on
neighboring local medium. 0 < &1, (Or &21) <1.
12 and &1 depend on the departments radiuses
(r, and r,) and on the orientation toward the
movement direction (a): €12 = e12 (r1; r2; a);
e21 = &21 (r1; r2; @). The function ey, (r1; r2; @)
increases when r; increases or r, decreases.
€12 = 1 when department 2 moves just behind
department 1 (« = 0). &1, has its minimal value
when a = 180° (it means that the department 1
moves just behind department 2). The
function & (r1; ro; @) increases when r;
increases or r; decreases. &; = 1 when
department 1 moves just behind department 2
(o = 180°). &2 has its minimal value when «
= 0° (it means that the department 2 moves
just behind department 1).

Under the conditions (9) the difference

(h, —h, ) in formula (4) equals the difference
between the friction coefficients of the
particle moving with the department 1 in front
and back:

(ﬁ1 - ﬁz )=6mn(h+1,6, — e, —1,). (12)

Biological applying

1. Let us consider big amyloplasts which
serve as gravity receptors in gravisensitive
plant cells, for example germinating moss
spores [4]. The amyloplasts are able to
interact with less thick vacuoles [5] creating
inhomogeneous non spherical couples similar
with the particles considered above. They can
not penetrate through cell wall. Thus for them
free volume is limited. Diameter of the cells
equals approximately 6 micrometers and
diameter of the organelles is equivalent to 1
micrometer. Under these conditions at the
room temperature  in formula (7) according

to (12) is within 107"< y<1. Thus
distribution of amyloplasts in germinating

moss spores is uncertain. It can be confirmed
by our visual observation of the amyloplasts
distribution  within  germinating Funaria
hygrometrica spores. Considerable percentage
of the spores (approximately 9%) had all
amyloplasts shifted upwards [4].

2. Let us consider the movement of a
non spherical segment of polypeptide chains
or a ligand molecule strongly tided with a
protein. In that case we can neglect the
influence of gravity. For the sake of
simplicity let in formulas (1), (2), 3) Fy = F,
=0if0,5d <y <b; 05d < z<Db; whereb -
0,5d is protein molecule dimension. Let Fy as
intramolecular interaction potential forth is
able to rigidly orient the particle alone X-axis.
It is confirmed by numeral investigations [6,
7]. Vparl Vuiole Of such a system has the order
of 1 and therefore uncertainty of (7) can be
considerable. It can be approved by the
showing of two different stable conformers of
complexes of  protein  apomyoglobin
molecules with fluorescent dye bianthryl,
which can easy transform one to another. The
relation of their concentrations under the same
macroscopic parameters was stable and
depended on the beginning condition of the
complexes initiation [8].

Conclusions

1. If the whole free volume is not very
big comparatively to the volume of a non-
symmetrical particle orientated by potential
field, then spatial distribution of the particle is
uncertain. It is a consequence of anisotropy of
dissipation of Kkinetic energy of such a
particle.

2. Such an uncertainty is present in
distribution of cell organelles of some
organisms and also in distribution of
segments of polypeptide chains of some
proteins.
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JIbBIBCHKHMI KOOTIEPATUBHUHN KOJIEK €KOHOMIKH Ta IpaBa,

Byn. KnenapiBebka, 11, 79000, JIbBiB

HEBU3HAYEHICTDb MTIPOCTOPOBOI'O
PO3NMOAINTY HEOAHOPITHUX YACTUHOK
B OBMEXEHOMY OBb'€MI

PosristHyTO pyX HEOTHODIAHOI Hec(hepHUIHOT YACTHHKH y B SI3KOMY CEpEIOBHILI ITij

BIUIMBOM IIOTEHIIITHOTO TOJNIsT B oOMekeHOMY 00’eMi. [IpocTopoBuit posmomin Takoi
YaCTHHKH Yy BWIIAAKY, KOJM BITbHHA 00’eM Mamnmif, € HeBu3HaYeHHd. Taka
HEBU3HAUCHICTh MOXJIMBA Ha KIITHHHOMY piBHI MIOJO PO3IOAUTY CYOKITITHHHUX
CTPYKTYp Ta Ha PiBHI MaKpOMOJIEKYNl ILIOJ0 PO3IOALTY OKPEMHX MOJIMENTHIHUX

CErMEHTIB YH aJicOPOOBAHNX HA HUX MOJIEKYJI.

KoarouoBi ciioBa: noTeHIiiiHe moJje, MPOCTOPOBUI PO3NOILI, B’S3KICTh, KOE(Ilie€HT
TEpTs, KIITHHHI OpraHenu, OUIKOBI MaKpOMOJIEKYJIH, CErMEHTH IOJINEeNTHIHOTO

JIJaHIIIora.

O.U. Ilynnsx

JIbBOBCKUI KOOTIEPATUBHBIN KOJIEIPK SKOHOMUKH U TIpaBa
yn. Knemaposckas, 11, 79000, JIpBoB

HEOIIPEAEJTEHHOCTD MTIPOCTPAHCTBEHHOI'O
PACHHPEAEJEHUA HEOJHOPOAHbBIX YACTHUIL

B OI'PAHUYEHHOM OBBEME

PaccMoTpeHO ABUKEHUE HEOJHOPOJHON HECUMMETPUYECKON YacTHLIbI B BA3KOH cpeze
IO/l BIIMSHHUEM IOTEHUMAIbHOrO Moisl. IIpocTpaHCTBEHHOE pacnpelesieHue TaKoi
YacTHIIBI B CiIydae, Korja CBOOOJHBIM 00beM Mall, OyJeT HEONpelIelIeHHBIM. JTa
HEOIIPEeIEHHOCTh MOXKET OBITh NPHUCYIIa Ha KJIETOYHOM YPOBHE pPACHpPEACICHHIO
OpraHen, a TaKkKe Ha MaKpOMOJIEKYIIPHOM YPOBHE - PACIPENCICHUIO MOIUIENTHIHBIX
CErMEHTOB HJIM a1cOPOUPOBAHHBIX HA HUX MOJIEKYII.

KioueBble c10Ba: MOTEHLUANbHOE I0JIe, MPOCTPAHCTBEHHOE pACHpEICICHHUE,
BSI3KOCTh, KOI()(HUIMEHT TPEHUS, KIETOYHBIE OPraHeUIbl, OEIKOBBIE MaKpOMOJIECKYJIBL,
CErMEHTHI MOJIMNENTUAHOM ey,
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