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Monte Carlo simulation of liquid acetone was carried out. The effect of electrostatic and 
van der Waals interactions on the regularities of mutual arrangement of the molecules w a s  

studied. Spatial structure of liquid acetone is determined by the molecular shape, repulsive 
intermolecular interactions, and steric factors and is close to the structure of a random 
closely packed system of soft spheres. Electrostatic interactions affect only the mutual 
orientation of the molecules. 
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Investigation of  the structure of  liquid acetone is of 
interest both from the viewpoint of the theory of mo- 
lecular liquids and for practical purposes, since it is 
widely used as solvent. The Me2CO molecule has a 
relatively simple structure and a large dipole moment 
(2.88 D in the gas phaset). It can be assumed that strong 
electrostatic interactions play an important role in the 
formation of  the spatial structure of the liquid. How- 
ever, the results of experimental and theoretical studies 
indicate the absence of  tightly bound, long-lived mo- 
lecular associates, z--4 It has also been stated 5-7 that the 
van tier Waals interactions have the greatest effect on 
the spatial structure of liquid acetone. 

Currently, methods of  computer simulation s are 
successfully used in the studies of liquids. Using the 

known potential of intermolecular interactions, these 
methods make it possible to obtain information on the 
arrangement and interactions of the molecules in a 
canonical statistical ensemble. Usually, the intramo- 
lecular motion of  the atoms is ignored in simulations of 
a liquid and calculations are performed in approxima- 
tion of the pair additivity of interactions. Hence, the 
potential used is an effective potential and its parameters 
are determined by finding the best correspondence be- 
tween calculated and experimental values. 8.9 

It is the practice to express the energy of interaction 
between two molecules as the sum of the van der Waals 
and Coulomb contributions. Tile first term takes into 
account s~afficiently well known geometric parameters of 
the molecules. Fitting of the excess electrostatic charges 
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and de te rmina t ion  o f  their  positions is based on the data 
on the mul t ipole  moments ,  molecular  polarizability, and 
the results o f  q u a n t u m - c h e m i c a l  calculations. However ,  
the p rocedure  for charge  de te rmina t ion  is ent i re ly  
ambiguous,  le Current ly,  several sets o f  essentially differ- 
ent  potent ial  functions developed for the s imulat ion of  
water  and liquid organic solvents are known. Thus, 
investigations dedicated to understanding and est imating 
the effect o f  particular types of  in termolecular  interac-  
tions on the structural characteristics of  the liquid are 
t imely and favor the deve lopment  o f  both the theory o f  
liquid state and op t imum procedures for simulation. 

C o m p u t e r  s imulat ion o f  liquid acetone I1 carried out 
taking into account  the molecu la r  polarization revealed 
no changes in the structural properties as compared to 
those obtained in the framework of  the pair additivity 
scheme used for the calculat ions o f  interactions. Previ- 
ously, 12-t4 we showed that  the spatial structure of  
methanol ,  D M F ,  and solvate shells o f  the ions and 
uncharged species in M c O H  is determined by the way 
the methyl  groups are packed due to universal interac- 
tions. The  aim of  this work was to establish the regulari- 
ties o f  the mutual  a r rangement  o f  the molecules  in 
liquid ace tone  and to elucidate the role of  the van der 
Waals and electrostatic interactions in the origination o f  
local and global ordering in this system. 

Calculation procedure 

The simulations were carried out using the standard Monte 
Carlo method in the NVT ensemble at N = 125. The condi- 
tions of the computer ekperiment corresponded to a density of 
0_7851 g c m  -3 and to T = 298 K. The Me2CO molecule has a 
planar skeleton. The intramolecular C--O and C--CH 3 dis- 
tances were assumed to be equal to 122.2 and 150.7 pro, 
respectively, and all angles were assumed to be equal to 120 ~ 
These values only slightly differ from those of the structural 
parameters used previously. 11,15 

The methyl group was considered as a single interacting 
center. Non-electrostatic interactions were described by the 
Lennard-Jones (I 2-6) potentials: 

U = 4~[(cr/r) 12 - (o/r)61, 

where c is the depth of the potential well and t~ is the particle 
diameter. The values of the e and er parameters were respec- 
tively 85 K and 388 pm (for Me), 52.84 K and 375 pm (for C), 
and 105.68 K and 296 pm (for O). n,15 The interactions 
between oppositely charged centers were calculated according 
to the Lorentz--Berthelot rule. When determining the contri- 
bution of the Coulomb interactions, the following atomic 
charges were used: -0.502 e (for the O atom), 0.566 e (for the 
C atom of the carbonyl group), and -0_032 e (for each of the 
carbon atoms of the Me groups). 

The acetone molecules were placed in a cubic cell with an 
edge length of 2.486 nm. To reduce the influence of surface 
effects, periodic boundary conditions and spherical cutoff of 
the potential functions 8 were used. It was assumed that the 
molecules do not interact at rcc > 1.243 nm. A chain of 
random events of length 34 million configurations was gener- 
ated. In the simulation of a Lennard-Jone.~ analog of acetone 

(IA-Me2CO), all atomic charges in the initial potential were 
assumed to be equal to zero. The interaction of  particles of the 
fluid of  soft spheres (SS) was described by the Lermard-Jones 
potential with z = 41.5 J mol -I and er = 580 pro. Since in the 
last two cases the convergence to average values was attained at 
a smaller number of steps, 25 and 14 million configurations, 
respectively, were generated. 

Results and Discussion 

As was shown by calculat ions o f  the  energy charac-  
teristics o f  liquid acetone,  its ave rage  potent ial  energy is 
- 28 .69+0 .33  kJ tool - t .  For  L J - M e 2 C O  , this value is 
-22 .21+0 .25  kJ tool - t .  The  value  obta ined  in calcula-  
tions is by the method  of  m o l e c u l a r  dynamics  at a pres- 
sure o f  0.28 kbar is - 2 9 . 4  kJ tool - t .  A value  o f  
-29 .07+0 .15  kJ mol - l  was o b t a i n e d  by Monte  Carlo 
s imulat ion of  acetone u under  c o n d i t i o n s  identical to 
those used in this work. Despite  s o m e  differences in the 
procedures and parameters o f  the  potent ia l ,  the  results 
o f  our  calculations are in good a g r e e m e n t  with those of  
previous studies. 

Since the exclusion o f  the C o u l o m b  interactions in 
liquid acetone increased the in te rna l  potent ial  energy 
only by 23%, one can suggest t h a t  the van der  Waals 
interactions play a more impor tant  role  in the formation 
o f  the spatial structure o f  acetone.  L e t  us consider  how a 
change in the potential  affects the func t ions  character iz-  
ing the structure of  the liquid. 

gij 

2 

i /  
II oc 

[_ 

200 400 600 800 r/pm 

4 

200 400 600 800 r/pm 

Fig. 1. Tile atom-atom radial distribution functions, gr (r) (ij  
are the types of the atoms): acetone (1) and LJ-Me2~O (2). 
For clarity, the intervals between the plots along the ordinate 
axis are enlarged. 
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Fig. 2. Radial distribution functions of central carbon atoms, 
gcc (r), and dependences of the number of particles (N) within 
the sphere of radius r, N(r): acetone (t3, LJ-Me2CO (2), and 
SS system (3). 

The atom-atom radial distribution functions (RDFs) 
shown in Figs. 1 and 2 were calculated for acetone and 
I_J-Me2CO using the following equation 

gob(r) = p(r)/p = [ t/(4xtap)l[dN(r)/drl, (1) 

where p(r) is the local numerical density of atoms of the 
type b; dN(r) is the number of atoms of the type b in a 
spherical layer of radius r and thickness dr surrounding 
a given atom of the type a; and to is the average 
statistical numerical density of atoms of the type b. 
Good agreement between the above RDFs of the atoms 
in the acetone molecule and the results obtained previ- 
ously zi indicates the correctness of our calculations. The 
shape of the dependences indicates that the exclusion of 
Coulomb interactions leads to a substantial change in 
the goo, gMeO, and goc RDFs and has a very little effect 
on the gee, gMcC, and gMeMe functions. The strong 
electrostatic repulsion of oxygen atoms changes the 
orientation of neighboring molecules; however, the regu- 
larities of the spatial arrangement of central C atoms 
and methyl groups remain unchanged. 

As follows from the results of processing of experi- 
mental angular dependences of the intensity of neutron 
and X-ray scattering, 5,6 the weighted sums of atomic 
correlation functions for liquid acetone D(r) are rather 
smooth curves with tlo pronounced peculiarities. With a 
knowledge of the atom-atom RDFs gab(r), one can 
easily calculate the values of D(r) functions from the 
foflowing equationr: 

D(r) = Z ~f3a~g~b(r). 
a=[b=a 

where 
m 2 

Here m is the number of different types of atoms in the 
molecule, n a is the number of atoms of the type a, 6~ is 
the Kronecker symbol, and c a is the Fourier transform 
of the atomic form factor which, to a first approximation 
for the X-ray radiation, is equal to the number of 
electrons in the atom of the type a. Taking into account 
all the atoms in the acetone molecule, the weights 13oh 
are 13cc = 0.3164, ~cI~ = 0.2109, ~3oc = (1.2813, ~HH = 
0.0351, POU ---- 0.0938, and Boo = 0.0625. 

Since the methyl group in the model we accepted is 
considered as a single center, it is impossible to directly 
estimate the gc~, goH, and gH~ RDFs, i.e., the func- 
tions making substantial contributions to the integrated 
characteristic. As was expected, the simulation ~ of the 
behavior of these functions showed that they have no 
structural peculiarities in the whole range of interatomic 
distances. The gcH, goH, and gHH functions make the 
greatest contributions to the D(r) values only at small r, 
when they increase from zero to unity. 

We have considered two procedures for calculation 
of X-ray correlation functions D(r). In the first case, the 
scattering of radiation by hydrogen atoms was ignored 
and it was assumed that the molecule consists of three C 
atoms and one O atom. Then the corresponding weights 
(see Eq. (2)) are 

13cc = 0.4793, !3oo --- 0.0947, 13o<: = 0.426. 

In the second case, the methyl groups were assumed 
to have 9 electrons on each of the orbitals centered on 
C atoms. The D(r) function was calculated using the 
following equation: 

D(r) = 0.3164g~tcMe(r ) + 0.0352gcc(r ) + 0.0625goo(r ) + 

+ 0.2109gM~.~--(r) + 0-2813gMeo(r) + 0.0938got(r). (3) 

The calculations showed that the results obtained by 
both procedures are similar qualitatively, though there 
are slight quantitative differences. 

The D(r) curves calculated for acetone and LJ-Me~CO 
using Eq. (3) and the experimental dependencer"are 
shown in Fig. 3. Taking into account that the procedure 
for the processing of primary experimental data is am- 
biguous t6 and that the accepted procedure of the Fou- 
rier transform over the finite space introduces large 
errors, one should not pay particular attention to the 
amplitude of the D(r) function and its high-frequency 
oscillations. Distinctions between the experimental and 
calculated dependence are to a great extent associated 
with incorrect pattern of the spatial distribution of 
H atoms. 

Two important conchtsions can be drawn based on 
the behavior of the D(r) curves. First, the results of 
computer simulation, for the most part, adequately re- 
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Fig. 3. Weighted sums of atomic radial distribution functions, 
D(r): acetone (1, calculations using Eq. (3)), LJ-Me2CO 
(2, calculations using Eq. (3)), and experimental data 6 ob- 
tained using X-ray scattering (3). 

fleet the regularities of  the arrangement of the atoms of  
liquid acetone molecules. Second, summation of  strongly 
different a tom-atom RDFs of  acetone and LJ-Me2CO 
results in virtually coinciding D(r) functions. The reason 
for such a coincidence is associated with the fact that 
the 13oo coefficient in all variants considered is relatively 
small and the increase in the goo(r) RDF at r < 400 pm 
observed on going from acetone to I.-I-Me2CO is com- 
pensated for by the decrease in the gMco(r) function in 
the same range of  distances (see Fig. I). 

The solution of  the problem of reconstruction of the 
a tom-atom RDFs using the experimental D(r) curve is 
fraught with significant difficulties. It is impossible to 
de t e rmine  the behavior  o f  par t icular  a t o m - a t o m  
RDFs from X-ray data. As was shown above, even if the 
goo(r) and gMcO(r) functions change substantially, the 
observed D(r) variations lie within the limits of experi- 
mental or calculation errors. The contribution of  the 
goo(r) function is very small also for neutron scattering. 
In particular, the ratio of the t3oo/131.ii. I coefficients 
is 0.02. 6 

Thus, it is impossible to establish the regularities of 
the arrangement of  O atoms and, hence, the mutual 
orientations of  the molecules of  liquid acetone using 
only the available experimental data. The results of 
compnter  simulation unambiguously indicate the com- 
pensation of structural peculiarities of the atom-atom 
RDFs in the calculations of pair correlation function 
D(r) not only in the case of liquid acetone, but also for a 
model with a substantially changed Coulomb term of the 
potemial.  Within the limits of experimental error, the 

integrated curve can be divided by  several procedures. 
Therefore the conclusions on the orientat ional  structure 
of  acetone 6 based entirely on the available data of  X-ray 
and neutron diffraction studies are  doubtful. Since the 
regularities of  the spatial arrangement  o f  the molecules 
are weakly dependent on the peculiari t ies o f  calculations 
of electrostatic interactions, it is not  surprising that the 
inclusion of  polarization effects u has no effect on the 
behavior of  the a tom-atom R D F s  of  acetone, which 
confirms the validity of  our conclusions.  

The atom-atom RDFs contain very little information 
on the spatial structure of organic liquids with a com- 
plex molecular structure. To unambiguously describe 
the mutual arrangement of  two D M F  molecules, six 
coordinates should be given (e.g., the  radius vector and 
three Euler 's  angles). The spatial and orientational D- 
structure of  a liquid can be comple te ly  characterized by 
a correlation function of  six variables. However, we 
cannot investigate such objects for cer tain reasons. Func- 
tions of three variables are much s impler  but less infor- 
mative. They can be depicted on plane using specially 
developed software, as was done for  water and methanol 
in several publications. 16-ts We stil l  further simplified 
the problem by considering the distr ibution of  molecules 
in three layers, one parallel and two perpendicular  to the 
molecular plane. 

By analogy with the RDF defini t ion (see Eq. (1)), let 
us define a generalized a tom-atom correlation function 
of three variables as the ratio 

g~b(x,y,z) = o(rab)/p, (4) 

where rab(x,y,z) is the vector connect ing an atom of  the 
type a to the center of an e lementary  volume of an 
arbitrary shape into which an a tom of  the type b of the 
other molecule falls, and p(r) is the local numerical 
density of atoms of the type b in the  e lementary volume. 
By fixing one of the coordinates we get a function of two 
variables, which can be depicted o n  plane by contour 
lines. We assumed that the C a t o m  of  a given Me2CO 
molecule is in the origin and the molecu la r  plane coin- 
cides with the xy plane. The local densit ies were deter- 
mined in elementary volumes of  the  shape of a rectan- 
gular parallelepiped 400 pm in height  and 15 pm in 
length of square base edge. 

The generalized correlation functions characterizing 
the spatial distributions of  C atoms in the three mutually 
perpendicular planes are shown in Fig. 4. As for the 
a tom-atom RDFs, slight deviations between the depen- 
dences calculated for liquid acetone and for U - M e 2 C O  
are observed in this case. The shape of  the plots in the 
region of short intermolecular dis tances is determined 
by geometric parameters of  the molecule.  The points of 
the most probable location of C a toms  are in the "t101- 
lows ~ on the van der Waals surface of the central mol- 
ecule. A tendency for the local densi ty  of C atoms to 
increase in the vicinity of the methyl  groups should be 
pointed out. 
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Fig. 4. Generalized correlation functions of spatial disiribufion of central carbon atoms, gcc(x y,z) (see Eq. (4)): acetolm (a, e, e), 
and U-Me2CO (b, d, J). 
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The generalized correlation functions of the distribu- 
tion of  the O atoms relative to the C atoms of the 
central molecule are shown in Fig. 5. In this case the 
dis t inct ions between the systems are clearly seen. 
LI-Me2CO is characterized by a more uniform spatial 
distribution of  the atoms and by increased probability of 
location of  O atoms in "hollows" on the van der Waals 
surface of  the central molecule. For liquid acetone, the 
region of  maximum density of distribution of  O atoms 
lies near the methyl groups and, as in the case of  
distribution of  C atoms, the bounding contour has a 
toroidal shape. On the average, the O atom is ~100 pm 
closer to the methyl groups than the C atom. Against the 
background of  relatively uniform distribution of  O atoms 
at rco > 500 pm, statistical errors of  calculations of  the 
functions result in an appreciable distortion of the shape 
of  the contours in Fig. 5. 

The positions of  the local density maxima in Fig. 4, 
a ( x =  0, y ~  500 pm) and Fig. 5, a ( x =  0 pm, y 
400 pm) differ by about the length of the C- -O  bond. It 
can be concluded that in this spatial region the dipole 
moments of neighboring molecules are oriented accord- 
ing to the "head-to-tail" type. Such an arrangement is 
illustrated in Fig. 6 for molecules 1 and 2 and to a lesser 
extent for molecules 4 and 1. It should be noted that 
both orientational and the van der Waals interactions 
favor this arrangement (see Figs. 4, b and 5, b). 

Strong attraction between the C and O atoms of 
neighboring molecules leads to the appearance of  rota- 
tion-vibration motions of  molecule 3, predominantly in 
the YZ plane (see Fig. 6). In this case the orientation of 
molecular planes changes from antiparallel to the per- 
pendicular and the shifted parallel one. Such processes 
are confirmed by Fig. 4, c and Fig. 5, c from which it 
follows that the interatomic O...C distances are, as a 
rule, 100 pm shorter than the C...C distances. The 

e i  ,,.' eo 
�9 *' X 

4 

Fig. 6. Scheme of spatial arrangement of acetone molectfles 
(I--4, see text), corresponding to the areas of maxima of the 
gCc(x,y,z) and gCo(X.y,z) functions. 

contours bounding the region of increased density in 
Fig. 4, c are extended towards the negative y values. 

Ways of  the mutual  arrangement of  the molecules 
in liquid acetone have been discussed previously.a, t l  
The authors of  Ref. 6 have concluded that the perpen-  
dicular orientation of  the O - - C  bonds (or the dipole 
moments)  of  neighboring molecules dominates  and 
that the spatial structure of  acetone is stabilized due to 
a weak C- -H. . .O  interaction. The authors of Ref. 11 
have pointed to the presence of  molecules with anti- 
parallel orientation of  dipole moments.  The analysis of  
generalized correlation functions unambiguously indi- 
cates that all possible molecular  orientations that can 
be observed equiprobably are present in liquid acetone. 
There is no obvious predominance o f  two or three 
particular molecular  configurations over others. The 
most probable arrangement of  five acetone molecules 
found previously ~ using experimental  D(r) functions 
has little in common with the configurations of  both 
the instantaneous (/)  and vibrational-averaged V-struc- 
ture of  liquid. It cannot describe all types of  mutual 
ordering of  the molecules in the first coordination 
sphere that can be determined from the position of  the 
minimum of  the gcc function (see Fig. 2). 

The potentials of intermolecular interactions used in 
the methods of  computer  simulation are derived taking 
into account both the results of quantum-chemical  cal- 
culations and experimental data on the structure and 
properties of the molecule and the substance. The set of 
potential functions includes several parameters on which 
the results of  simulation can be dependent.  Peculiarities 
of the charge distribution affect mutual orientations of 
the molecules in the liquid. The results obtained for the 
acetone molecule using the available procedures for the 
determination of  excess charges on the atoms differ from 
each other more than by a factor of 2. t~ In those cases 
when steric factors have the major effect on the regulari- 
ties of the molecular ordering, the spatial structure of 
liquid depends primarily on strong short-range interac- 
tions and molecular packing. The repulsive term of the 
potential is determined less arbitrarily. Hence, basic 
structural characteristics of  a liquid are well reproduced 
by methods of  computer simulation. 

The atom-atom RDFs play an important role in the 
structural studies of  liquids; however, they cannot de- 
scribe all regularities of the spatial ordering of the 
molecules. At best, one can determine the probabilities 
of  observation of different configurations within the first 
coordination shell of the molecule (short-range order). 
In principle, it is impossible to establish the regularities 
of the arrangement of the groups consisting of several 
molecules constituting the elements of  the supramo- 
lecular structure using the atom-atom RDFs. 

Methods of statistical geometry are widely used for 
analyzing the structure of liquids. 19-22 The space of a 
disordered system is partitioned into the Voronoi poly- 
hedra or Delaunay simplices. 23 The mathematical rigor 
and uniqueness should be considered as merits of the 
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above methods. However, the procedure for construct- 
ing the Voronoi polyhedra and analyzing their geometric 
characteristics is rather complicated, whereas a variety 
of shapes is characteristic of the polyhedra obtained. It 
has been pointed out z~ that hundreds of topological 
types of the polyhedra can be distinguished in the bulk 
of the liquid. Statistical distribution of their geometric 
characteristics can be strongly affected by periodic bound- 
ary conditions used in the computer simulation. The 
procedure for partitioning the space into the Delaunay 
simplices also suffers from drawbacks. In the three- 
dimensional space, the simplices are topologically equiva- 
lent tetrahedra. The primitivity of their shape drastically 
restricts the set of possible structural characteristics. 

A method lz-14,19 based on constructing a network 
of "bonds" and analyzing its topological properties is 
more preferable and illustrative (though less rigorous) 
for qualitative description of the supramolecular struc- 
ture of a liquid. Being the elements of the supramolecu- 
lar structure, closed cycles of "bonds" contain small 
number of vertices, which simplifies calculations and 
reduces errors due to the peculiarities of the simulation 
procedure used. 

The C atom in the Me2CO molecule is located near 
the center of gravity. As follows from the plot of the N(r) 
dependence (see Fig. 2), there are, on the average, 
~ 12 neighboring molecules in the first coordination sphere 
of each acetone molecule (r = 715 pm). This number is 
characteristic of a random closely packed system of 
hard spheres. We found the parameters of the Lennard- 
Jones potential, which describes the interactions be- 
tween the SS species, from the behavior of the gcc(r) 
function of acetone. Since we were interested only in a 
qualitative picture, rigorous mathematical optimization 
of these parameters was not performed. The shape of the 
curves of the N(r) dependences for all three systems is 
identical. 

To describe the supramolecular spatial structure of 
liquid acetone, it is necessary to calculate the functions 
characterizing the mutual arrangement of objects con- 
sisting of several molecules. When C atoms of neighbor- 
ing molecules are connected by lines, a network of 
"bonds" is formed, in which closed cycles (elements of 
supramolecular structure) can be singled out. After hav- 
ing determined the arithmetic mean of the coordinates 
of the C atoms of the molecules forming the cycle, we 
can find its geometric center. Let us create sets of points 
for each type of the cycles in the bulk of the liquid using 
the same procedure. 

Six acetone molecules nearest to the central mol- 
ecule in a randomly chosen configuration obtained from 
the simulation are shown in Fig. 7. They lie in the same 
layer, whereas the molecules located above and below 
the plane of the layer are not shown. It can be con- 
cluded that a hexagonal packing is characteristic of this 
arrangement of the molecules. There are closed cycles in 
a network built of the lines connecting neighboring 
molecules. Triangles are the main structural elements. A 

1"33 .~ 500 pm 
ru  ~ 250 om 

Fig. 7. Mutual arrangement of neighboring acetone molecules 
in the same layer in the eonftguration obtained by the Monte 
Carlo method. Molecules lying above and under the plane 
layer are not shown. 

tetragonal cycle can consist of two triangular cycles 
sharing a common side. 

By analogy with the atom-atom RDFs (see Eq. (1)) 
let us calculate the RDFs of geometric centers of the 
closed cycles of "bonds" (Go(r)) , which are equal to the 
ratio of the local density of points in a spherical layer of 
thickness dr at a distance r from a fixed point to the 
average density. In this case the index number corre- 
sponds to the number of vertices in the  cycles, for which 
the correlation is sought. These functions characterize 
topological properties of the network of "bonds" and, 
hence, the supramoleeular spatial structure of the liquid. 

Let us compare the properties o f  the networks con- 
structed for the three liquids. We connected by lines the 
C atoms or spheres arranged at a distance shorter than 
571 pm for acetone and LJ-Me2CO and shorter than 
565 pm in the SS fluid. The average number  of bonds 
per molecule was six in all three cases. The equality of 
the connectedness parameters made it possible to com- 
pare the properties of networks at the  same value of the 
most important topological characteristic. Very large or 
very small value of the connectedness parameter result 
in a retardation of the calculation process or in an 
increase in the statistical error. As has been shown in 
several works, the choice of this value has little effect on 
the qualitative picture reflecting the regularities of the 
formation of supramotecular structure. 

The following values of the concentrat ions of closed 
cycles were obtained for the networks of "bonds" of 
three liquids: c 3 = 1.28, 1.28, and 1.25; c 4 = 2.02, 2.15, 
and 2.19; c 5 = 1.97, 2.15, and 2.25; c 6 = 4.66, 5.04, and 
5.30 for acetone, LJ-Me2CO and SS fluid, respectively. 
In this case, the concentration is expressed through the 
average number of cycles per molecule, it can be con- 
cluded that the networks exhibit similar dependences of 
their properties on this parameter. 
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Fig. 8. Radial distribution functions of geometric centers of the closed cycles of"bonds" in the networks of nearest neighbors, Gi.(r ) 
(i d" are the numbers of vertices in the cycle); tj = 33 (a), 34 (b), 44 (c), and 35 (d): acetone (/), LJ-Me2CO (2), and SS system ~3). 

The plots of several RDFs of geometric centers of 
the cycles are shown in Fig. 8. Minimum differences 
are observed for the functions calculated for acetone 
and LJ-Me2CO; however, it can be argued that the 
differences between the functions calculated for the 
SS fluid and the corresponding functions of the two 
other systems are also sufficiently small. Previously, 12.14 
we obtained analogous results for methanol and DMF. 
It was shown that the positions of maxima of the 
RDFs of the centers of the cycles correspond to the 
intercycle distances in five types of polyhedra of which 
the network of "bonds" of a random closely packed 

system of hard spheres 19 (tetrahedron, octahedron, 
trigonal biprism, antiprism, and a tetragonal dodecahe- 
dron) is built. A continuous spectrum rather than a set 
of their fixed values determined by the particle size is 
observed in the SS system closest to the system of hard 
spheres. The identical behavior of the functions for 
three liquids indicates the existence of general prin- 
ciples of the formation of supramolecular structures 
and is direct evidence for the determining role of the 
molecular shape and packing factors in the formation 
of spatial structure at short and long intermolecular 
distances. 
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Thus, a broad spectrum of  values for the parameters 
of mutual arrangement and orientation of  neighboring 
molecules is characteristic o f  the local environment of  
the acetone molecules in the liquid phase. Steric factors 
and molecular  shape determine the regularities of  their 
spatial arrangement,  whereas electrostatic interactions 
mainly affect their orientation. In addition to other 
possible configurations, there also exist configurations 
with antiparallel,  parallel, and perpendicular orienta- 
tions of  the vectors of  the dipole moments of neighbor- 
ing molecules in liquid acetone. Chain association of  the 
molecules according to the "head-to-tail" type is favored 
by both packing factors and the Coulomb interactions. It 
is impossible to describe the spatial structure of  liquid 
acetone using two or three characteristic configurations 
of the molecular pair. 

Not only local but also spatial supramolecular struc- 
ture of  liquid acetone (which is close to the structure of  
random closely packed system of  soft spheres or, to a 
lesser extent,  to that of  hard spheres) is determined by 
steric factors, the shape of  the molecules, and the type 
of their  packing. Compl ica t ion  of  the potential func- 
tions due to the introduction of  the potentials of  in- 
t ramolecular  motions and polarization and more com- 
plicated procedures for taking into account the long- 
range interactions affect mainly the mutual orienta-  
tions of  the molecules. The degree of  violation of  the 
spatial ordering in liquid acetone upon solvation of  the 
molecules and ions is likely determined first of  al |  by 
correspondence between the size of  the dissolved par- 
ticle and the structure of  the solvent. Effect of  the 
electrostatic field of  the ion should manifest itself as 
changes in the orientations nearest environment of  
acetone molecules. When there is no need to deter-  
mine the properties strongly dependent  on the mutual 
orientation of the acetone molecules, a simpler system 
(UI-Me2CO or SS system) can be used as a model 
solvent. We believe that the above conclusions con- 
cerning the effect of  electrostatic and non-electrostat ic 
interactions on the structure of liquid acetone will also 
be valid for other organic solvents. 
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