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Abstract: An attempt has been made to relate the volumetric effects involved in
the binary mixtures of normal and branched acohols and various components
(aromatics, halo and nitroaromatics and haloaliphatics) with the molecular in-
teractions of unlike molecules. This review is a condensation of research ac-
tivities developed in recent years as results of a better understanding of volu-
metric behaviour and a stronger insight into the complex structure of those
mixtures. The influence of important contributions of a physical, chemical and
geometrical nature that change excess molar volume, VE (positive, sigmoidal,
negative) is considered and explained in detail. It appears that the balance
between these contributions is quite sensitive to the behaviour of the alcohol
molecules in contact with the chosen compounds.
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1. INTRODUCTION

The knowledge of the structure and molecular interactions of liquid mixtures
is very important from fundamental and engineering point of view.

Fundamental thermodynamic and thermophysical properties are essentia sour-
ces of information necessary for a better understanding of the non-ideal beha
viour of complex systems because of physical and chemical effects, which are
caused by molecular interactions, intermolecular forces, etc., of unlike molecules.

From a practical point of view, these properties are necessary for the deve-
lopment of thermodynamic models required in adequate and optimized processes
of the chemical, petrochemical, pharmaceutical, and other industries. In addition,
extensive information about structural phenomena of mixtures is of essential im-
portance in the development of theories of the liquid state and predictive me-
thods. This review is focused on the qualitative explanation of the influence of
molecular structure on volumetric properties of different alcohols with some aro-
matics and halo-aromatics, nitro compounds or halo-aliphatics. In addition, this
study also provides a better insight into the nature of the molecular interaction in
the aforementioned systems. Besides their theoretical importance, these systems
were chosen since they are very interesting from a practical point of view: (i) due
to their diverse industrial applications, they are present as pollutants causing air,
water and soil contamination, and some of them have cancerous features; (ii)
alcohols and other organic compounds are employed in a variety of industrial and
consumer applications, such as perfumes, cosmetics, paints, varnishes, drugs,
fuels, explosives, fats, waxes, resins, plastics, rubber, detergents, DDT, etc.,
while chloroform is applied as a solvent in the pharmaceutical industry, the paint
industry, in the chemical production of pesticides, oils, alkaloids, etc.

Some research activities, including the modelling of volumetric properties
by various models (CEOS, CEOS/GE and empirical models) with modern mixing
rules were systematically considered in previous reviewsl2 and in other papers
particularly concerning the correlation3-8 and prediction of volumetric and other
thermodynamic properties. %15

2. VOLUMETRIC PROPERTIES

The density (p) of the binary systems, the molecular behaviours of which
were analyzed in this work, were measured by means of a DMA 5000 digital
vibrating U-tube densimeter (with automatic viscosity correction) having a stated
accuracy +5x10-3 kg-m3. The temperature in the cell was regulated to +0.001 K
with a built-in solid-state thermostat. To minimize errorsin composition, all mix-
tures were prepared by mass using the cell and the procedure described previou-
dy;16.17 presently, a Mettler AG 204 balance with a precision of 1x104 g was em-
ployed. The uncertainty in the mole fraction calculation was less than +1x104. All
molar quantities were based on the lIUPAC Relative Atomic Mass Table. The ex-
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BINARY LIQUID MIXTURES CONTAINING ALCOHOLS 479

perimental uncertainty in the density was about +1x10~2 kg-m3, while the ave-
rage uncertainty in the excess molar volume was estimated to be +3x10-2 m—3-mol-1.
The excess molar volumes, VE, were cal culated from the equation:

n
VE=3xM (- ®
i=1 P Pi
where n represents the number of components, x; is the mole fraction of i-th com-
ponent in the mixture, M; its molecular weight, and o and p; the measured
densities of the mixture and the pure i-th component, respectively.

Since in previous papers6-25 experimental measurements of the correspond-
ing systems were presented by VE—x; curves, in this work these graphs are plot-
ted only for the systems that are suitable for a better understanding of the com-
plex behaviour of the chosen mixtures.

The observed values of VE can be analyzed qualitatively in terms of the fol-
lowing resulting effects, which predominate in some mixtures or in a certain mole
fraction region:26-35 (i) physical, (ii) chemical and (iii) geometrical contribution.
Consequently, VE depends on the rel ative strength of these effects.

The physical interactions comprise mainly dispersion forces and non-speci-
fic interactions. The chemical contribution arises mainly due to hydrogen bond
rupture because of the breaking up of the hydrogen bond structure, and specific
interaction such as hydrogen bond formation and charge-transfer complexes. This
intention can be considered as the reaction between an alcohol, as a Lewis acid,
and an aromatic compound, as a Lewis base. It should be emphasized that the
hydrogen bond energy is determined by four components:36.37 (i) the polarization
term, (ii) the electrostatic term, (iii) the exchange repulsion term and (iv) charge
transfer or delocalisation term.

The geometrical contribution occurs due to packing effects arising from
interstitial accommodation of one component into the other due to differencesin
free volumes and molar volumes between the components.

3. ALCOHOL + AROMATIC SYSTEMS
3.1. 1-Alcohols with aromatics

Numerous articles36:38-43 have demonstrated that alcohols are strongly self-
-associated (forming clusters) through H-bonded linear chains (OH---OH interac-
tions), with restricted rotation about the H-bonds and showing variable degrees of
polymeric aggregates. The degree and strength of polymerisation decrease with
increasing chain length of the carbon atoms and with branching of an alcohol.

Mixing of alcohols with other organic components enables that some mole-
cules can dissociate from the multimers to form other kinds of H-bonds with
unlike molecules. This process will depend on the proton accepting ability of the
functional group in the molecule.
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However, aromatic hydrocarbons are potential electron donors and electron
donor—acceptor interactions between benzene and the hydrogen of acohol hyd-
roxyl group are of importance here.

Figure 1 shows experimental points of VE at 308.15 K for the 1-alcohol + ben-
zene systems reported in previous papers.18:19,21,24,32,4445 These data can be ex-
plained qualitatively on the basis of different aforementioned effects predomi-
nating in certain mole fraction regions.

to ® methanol®
0.25 O ethanol™ b
A 1-propanol”
Y v 1-butanol™
0.20 4 ——RK polynomia!_
5 015 .
g
g -
S 010+ // .
N
0.05 - i
A
0.00 $ . Fig. 1. Experimental values of VE for the
z systems of 1-alcohols (1) with benzene (2)
1 a 308.15 K. The symbols refer to the ex-
0.05 -— perimental points, while the lines present the
0.0 0.2 0.4 0.6 0.8 1.0 results calculated by the Redlich—Kister po-
ol lynomial 192124

As can be seen from this Fig. 1, the VE of the mixtures of benzene with
1-alcohols show sigmoidal vs. mole fractions curves, except for the system 1-bu-
tanol + benzene for which positive VE values were observed over the whole con-
centration range. When 1-alcohol molecules are added to a large amount of ben-
zene, depolymerisation of the network of pure alcohols occurs, resulting in posi-
tive values of VE. These VE values indicate that there were no stronger specific
interactions between the components of the mixtures but that this effect was the
result of breakage of the bonds formed among the alcohol structure. This positive
contribution is a consequence of hydrogen bond rupture and stretching of the
self-associated molecules of the alcohols, which is insensitive to the chain length
of the 1-alcohols (Fig. 1). The negative values of VE in the alcohol-rich region
indicate that complex formation occurred between the alcohols and benzene,*4
resulting in predominant electron donor—acceptor type (benzene behaves as the
electron donor) of interactions between the OH group of the 1-alcohol and the ©
electrons of the aromatic ring of benzene. At higher mole composition of the
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1-propanol + benzene mixture, the VE values tend to be dightly negative, meaning
that the breaking up of the associated a cohol aggregatesis not completed and the
benzene molecules are fitted into the propanol network. This situation is also
clear for mixtures with methanol, where the tendency of interstitial accommo-
dation of its molecules into benzene leads to negative values of VE.30 As can be
seen from Fig. 1, the experimental data for the 1-butanol + benzene system were
positive over the whole composition range at all investigated temperatures. These
positive VE values can be qualitatively explained by disruptive or stretching ef-
fects on the self-associated molecular structure of 1-butanol with physical dipo-
le—dipole interactions between alcohol monomers and multimers, and by the dis-
ruption of the favourable orientation order of the aromatic component. The pos-
sible formation of weak intermolecular complexes between the OH group of
1-é)utanol and the it electron cloud of the benzene ring did not result in negative
V- values. As suggested by Assarson and Eirich,32 components of similar mole-
cular sizes, such as 1-butanol and benzene (van der Waals volumes of 52.4 and
48.4 cm3-mol—1, respectively) mix with positive values of VE.

In addition, it is evident from the plots of 1-alcohols with benzene that, at the
same temperature, the trend of increasing VE in the positive direction in the lower
alcohol region has the following order: methanol < ethanol < 1-propanol < 1-bu-
tanol. On the other hand, in the alcohal rich region, the order from negative to
positive valuesis asfollows: ethanol < methanol < 1-propanol < 1-butanol.

This behaviour of 1-alcohols can be explained in terms of the chain length of
alcohols. Namely, as the mole fraction of higher 1-alcohols increases, the rupture
of H-bonds of the acohol increases from methanol to 1-butanol, and positive va-
lues of VE become dominant. Also, interaction between the OH group of the
higher 1-alcohols and the &t electrons of the aromatic ring of benzene are weaker
because of the decrease of their polarizability with increasing length. Structural
effects leading to closer geometrical fitting of benzene into remaining structure
of the higher 1-alcohols are less important. It is clear that for higher 1-alcohols,
positive values of VE are predominant. VE measurements over a range of tempe-
rature were already performed!® and in all cases, the VE values of the 1-alcohol +
+ benzene systems increased with increasing temperature. It is clear that the rup-
ture of the H-bonds of self-associated molecules of alcohols increases with in-
creasing temperature.

1-Alcohols (methanol, ethanol, 1-propanol, 1-butanol and 1-pentanol) were
mixed with other aromatic hydrocarbons with increasing size and number of sub-
stituents on the benzene ring (toluene, ethylbenzene and p-xylene).

The results obtained in work of Munk et al.4> show that the VE values of the
mixtures with the same 1-alcohol increased with increasing of size and number of
substituents, while for mixtures with the same aromatic component, VE increased
with increasing chain length of the 1-alcohols.
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The measured values of VE for mixtures of benzene with higher 1-alcohols*
were positive over whole range of concentration. This suggests that a positive
contribution from the rupture of hydrogen bonds of alcohols as well as dipole-di-
pole interactions between alcohol monomer and polymers were dominant in all
systems. The algebraic values of VE decreased in the order: 1-decanol = 1-nona-
nol > 1-octanol > 1-heptanol > 1-hexanol > 1-pentanol > 1-butanol > 1-propanal.
In addition, it is evident that VE increased with increasing chain length of the 1-al-
cohols and van der Waals interactions increased with increasing carbon chain
length of the alcohols.

3.2. Branched alcohols with aromatics

Branched secondary and tertiary acohols reflect various degrees of steric
hindrance of the hydroxyl group, which directly influences the possibility of their
mol ecul es to self-associate.

First, the VE values for the systems of benzene with 1-propanol and 2-pro-
panol were compared.

Previously published data?l for the system benzene + 1-propanol at 298.15 K
and those of the system benzene + 2-propanol at the same temperature?’ show
that the VE values of the former were always considerably lower at all mole frac-
tions. This is a consegquence of the branching of the alkyl group in 2-propanol,
which increases the steric hindrance for the correct orientation of the benzene
molecules to fit into the alcohol network.

The 1- and 2-propanol mixtures could be compared with those of other
aromatic compound, for example alkylbenzenes. The introduction of two methyl
groups into the benzene ring, as in the case of xylene, enhances the electron-do-
nating power of aromatic hydrocarbons.

For 1-propanol + alkylbenzene mixtures, the VE values have the following
order: m-xylene > p-xylene = o-xylene > toluene, while for 2-propanol + alkyl-
benzene mixtures, the VE values decrease in the order: m-xylene > p-xylene > to-
luene = o-xylene. In both cases, the VE values in mixtures with benzene are po-
sitive over the whole composition range, having a similar magnitude as m-xylene
in mixtures with 2-propanol, and the highest values comparing to the mixtures
with 1-propanol.

From work of Singh et al.,48 it is evident that alkylbenzene molecules are
more or less fitted into the network of 1- and 2-propanol. This is specialy the
case of toluene comparing to benzene, dueto its stronger el ectron-donating power.

On the other hand, the packing of xylene molecules is sterically hindered by
the two methyl groups placed on different sites of the aromatic ring for correct
orientation. Thus, a limitation of the interaction of the hydroxyl group of the
alcohol with the rt electron cloud of the aromatic hydrogen was realized. It is
clear that the position of the methyl groups in m-xylene results in the maximum
steric hindrance and, as a result, the maximum positive of VE.
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Finally, it can be concluded that the branching of the alkyl group in 2-pro-
panol creates a greater geometrical contribution to fit the corresponding xylene
into the alcohol network.

The VE for al mixtures of benzene with isomeric butanols? are positive and
follow the sequence: 1-butanol < 2-methyl-1-propanol < 2-butanol < 2-methyl-2-
-propanol, showing in this way that VE becomes more positive as the branching
in the alcohol molecule increases. It is the consequence of the creation of steric
hindrance near the OH-group in branched alcohols, whereby it is the prevailing
effect for 2-methyl-2-propanol.>0 Namely, this can be explained by postulating
that steric hindrance creates the presence of one propyl group at the 1° atom in
1-butanol, one iso-butyl group at the 1° carbon atom in 2-methyl-1-propanol, one
methyl and one ethyl group at the 2° carbon atom in 2-butanol and three methyl
groups at the 3° carbon atom in 2-methyl-2-propanol.

This suggests that the appearance of steric hindrance due to the branching in
an acohoal is conditioned by the strength of the interaction of unlike moleculesin
the order 1-butanol > 2-methyl-1-propanol > 2-butanol > 2-methyl-2-propanol. In
addition, bearing in mind that the molecular sizes of the unlike componentsin the
mixtures are similar, the packing of the molecules is not good, resulting also in
positive VE values.

In addition, it is of interest to compare the behaviour of toluene in mixtures
with 1-butanol and its isomers*’ (2-butanol, 2-methyl-1-propanol, 2-methyl-2-pro-
panal). It is known that the electron donating power of toluene is stronger than
that of benzene because of the methyl group added in the benzene ring and the
hydroxyl hydrogen interacts more highly with the © electron cloud of toluene
than that of benzene. This results in smaller VE values of these alcohols with
toluene than those with benzene. Finaly, the VE values of the branched alcohols
are higher than those for the 1-alcohols. This could be attributed explicitly to the
steric hindrance caused by a change in the proportion of different structural
shapes of the alcohol molecules with its changing mole fraction.

4. ALCOHOL + HALOAROMATIC OR NITROAROMATIC SYSTEMS
4.1. 1-Alcohols with haloaromatics and nitroaromatics

Methanol partially and all 1-alcohols (ethanol, 1-propanol, 1-butanol and
1-pentanol) with chlorobenzene exhibit S-shaped VE—x; curves, as can be seen in
Fig. 2.19 It is obvious that the maximum positive values of these systems are
lower and the minimum negative values are higher than the corresponding values
of 1-alcohol systems with benzene.

As in the previous cases of the systems with benzene, the positive values of
VE in the lower region of the 1-alcohols are also the result of H-bond rupture and
stretching of the self-associated alcohol molecules.
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Negative contributions predominate in the alcohol rich region because of
dipolar complexes and changes of the free volumes in the real mixtures, as well
as the geometrical fitting between unlike molecules, which are much stronger
than in the systems with benzene. Here, there is an interaction between the
ni-electronic cloud of aromatic ring and the OH group, as in the case of the ben-
zene mixtures, and the formation of OH—CI hydrogen-bonded complexes bet-
ween the OH group of the 1-alcohols and the electronegative Cl atom on the
benzene ring.19 In addition, it is evident that the maxima of the dissociation of
the polymeric aggregates of the alcohols differ dlightly, since ordinary aiphatic
alcohols are relatively poor proton donors. However, as the mole fraction of the
higher 1-alcohol increases, the rupture of the hydrogen bonds of the alcohol in-
creases from 1-propanol to 1-pentanol and positive volume changes appear at high-
er mole fraction of 1-pentanol.

The decrease in negative values of VE with increas ng chain length of the 1-a-
cohols could suggest that the dipole—dipole interactions are weaker in the higher
1-alcohols because of the decrease of their polarizability with increasing chain
length. Bearing in mind that complexation®! is predominantly due to polarization
interaction, the trend of complex formation has the following order 1-propanol >
> 1-butanol > 1-pentanol, which causes the increase of VE from lower to higher
1-alcohols. Then, the relatively high electron donor capacity of chlorobenzene,
because of the introduction of a Cl atom into the benzene ring, interacts more
strongly with 1-propanol than with the other higher alcohals. In addition, only a
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smaller fraction of hydrogen bonds are ruptured in the higher alcohals, while the
steric hindrance of 1-pentanol is higher than that of 1-propanol, giving less ne-
gative values of VE,

It is possible to include mixtures of 1-alcohols with other chlorinated ben-
zenes, i.e., 1,2-dichlorobenzene,32 1,3-dichlorobenzene>3 and 1,2,4-trichloroben-
zene™ for comparison with mixtures of chlorobenzene + 1-alcohols. The experi-
mental data for binary mixtures of these haloaromatics with 1-butanol, 1-penta-
nol, 1-hexanol, 1-heptanol and 1-octanol were measured at 303.15 K .29

Asin the case of the mixtures with chlorobenzene, VF is negative in mixtures
rich in 1-alcohols and positive in the region rich in both dichlorobenzene and
1,2,4-trichlorobenzene. The trend of \/F vs. the mole fraction x curve is similar for
al mixtures of chlorobenzene, dichlorobenzenes and trichlorobenzene. This could
be attributed to the dominant influence of the interactions between unlike mole-
cules and the structure-making effect, which becomes remarkable due to the in-
troduction of a second Cl atom, including its position in the benzene ring, and a
third Cl atom.

In addition, it is necessary to consider mixtures of acohols with nitroben-
zene®® and bromobenzene®® and compare the obtained results with those of chlo-
robenzene. Namely, the VE values become more negative due to the decrease in
the m-electron density on the benzene ring when a halo or nitro group is intro-
duced (nitro group deactivates the benzene ring).

When the Cl atom was replaced with a Br atom, no greater changes in VE
were observed,>” which was to be expected bearing in mind the similar values of
their dipole moments (chlorobenzene 1.6; bromobenzene 1.5) and the dipole mo-
ments of alcohols, as well as specific interactions like those of alcohol mixtures
with chlorobenzene. However, the partial accommaodation of linear alcohol mole-
cules between the nitrobenzene molecules and interactions due to the high pola-
rity of nitrobenzene (dipole moment 3.90) led to more negative VE values, com-
pared to those obtained with the halo compounds.®

The small positive values of VE in mixtures deficient in acohols are due to
the predominant H-bond stretching, as was already indicated in mixtures with
chlorobenzene.

4.2. Branched alcohols with haloaromatics

The experimental VE data of 1-butanol, 2-butanol and 2-methyl-2-propanol
with chlorobenzene at 313.15 K are shown in Fig. 3.23

As can be seen, the trend in the positive values of VE is in the order 1-bu-
tanol < 2-butanol < 2-methyl-2-propanol, which indicates that the predominant
effect is the steric hindrance due to branching. The OH group introduced at 2°
carbon atom of 2-butanol and the globular shape and relative position of OH
group on tert-butanol suggest that the structural effects of the steric hindrance are
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predominant. The influence of the methyl, ethyl and propyl groups at various car-
bon atoms in these alcohols were already considered.1® An increase of tempera-
ture leads to an increase of the distance between the chains, the breaking of asso-
ciates and sterically-hindered unlike molecules. In al cases, a positive change of
volume occurs. In addition, as a consequence, the strength of the bond interaction
H---Cl follows the order: 1-butanol > 2-butanol > 2-methyl-2-propanol, confirm-
ing the increase of VE of the branched a cohoals.

0.35 1 ' ' ' -
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0.20—-
0.15-

0.10 4

V/10° m® mol

0.00

-0.05 4

| ® 1-butano® Fig. 3. Experimental values of VE for the
010 © Zbutano® ” systems of linear or branched alcohols (1)
I é&“ﬁgﬂéﬁ;‘;pam' | with chlorobenzene (2) at 313.15 K. The
-0.15 — symbols refer to the experimental points,

—
00 02 04 068 08 1.0 whilethelines present the results calculated
x, by the Redlich—Kister polynomial .23

5. ALCOHOL + HALOALIPHATIC SYSTEMS

The experimental VE data for the 1-alcohol + chloroform systems at 308.15 K
are shown in Fig. 4.20-22,24

The VE for methanol (1) + chloroform (2) mixtures are amost all negative
except near the end of the dilute region for methanol. The other 1-alcohol sys-
tems with chloroform exhibit S-shaped VE—x; curves with VE positive at high
mole fractions of chloroform and negative over the high mole fractions of the
1-alcohals.

For the considered systems, except methanol (1) + chloroform (2), the VE
values can be attributed qualitatively to the following contributions: (i) the posi-
tive values in the 1-alcohol lower region are caused by disruption or stretching
effects on the three-dimensional, self-associated molecular structure of the alco-
hols; (ii) the negative values are a consequence of specific interactions between
unlike molecules and (iii) the accommodation of chloroform moleculesin the in-
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termolecular space of 1-alcohol network structure leads to a more dense packing,
affecting volume reduction in the region rich in 1-alcohols, which is, hence, a
conseguence of geometric factors.

T T T T T T T T
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A 1{-propanol”’
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0.10 - o — RK polynomial
- 005} -
©
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E 000
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Fig. 4. Experimental values of VE for the
015 1 systems of 1-alcohols (1) with chloroform
% 1 (2) a 308.15 K. The symbols refer to the
0.20 , L experimental points, while the lines present

00 02 04 06 08 10 theresultscaculated by the Redlich—Kister
i polynomial 20-2224

Concerning the alcohol mixtures with chlorobenzene (Fig. 2), unusua be-
haviour of the methanol + chloroform mixture was also registered. The absolute
values of VE for the same temperature at the minimum increase in the sequence
ethanol > methanol > 1-propanol = 1-butanol. A possible explanation of this be-
haviour for the system with methanol could be a dominant contribution of (ii)
over the factors (i) and (iii).

For the other 1-alcohol mixtures with chloroform, the positive VE valuesin the
1-alcohol lower region are a consequence of the rupture of the H-bonding of the
self-associated aggregates of the 1-alcohols with variable degrees of polymeri-
zation and the steric repulsion between the alkyl chain of the 1-alcohols and the
Cl atom of the chloroform increasing with increasing chain length of the acohols.

The negative VE values in the chloroform rich region arise from changes in
the free volumes in the real situation when specific interactions between unlike
molecules dominate. Namely, chloroform possesses an electron-accepting hydro-
gen atom, which is favourable for interaction with the electron-donating oxygen
atom in acohols.

Special attention was paid to other chlorinated methanes: tetrachloromethane
(CCly) and dichloromethane (CH»Cly) in mixtures with 1-alcohols. CCly is a
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non-polar molecule, while the polarity of CH>Cl» islarger than that of CHCl3. In
addition, these molecules have different sizes and shapes but are structurally re-
lated, having only one C atom.58

Comparing results for CHCI3 with those of CCl4 and CH>Clo mixtures with
the same 1-alcohols,®9 it is evident that similar S-shaped VE—x; curves were ob-
tained for both the CH>Cl> and CHCI3 systems. It could be expected that the
same three main contributions occur in the CH,Cl, system as in the case when
CHCI 3 was mixed with acohols. In the case of CCly, the presumption of a weak
H-bond from hydroxyl group to achlorine atom is acceptable.

The mixtures of CH»Cl, with 1-alcohols showed somewhat different beha-
viour bearing in mind that positive values of VE are dominant over the whole
composition range, except in the region rich in some acohols.

Two assumptions could be made for such a tendency of VE:€0 (i) in the ac-
commodation of CH>Cl» in the H-bonded network of alcohols, the interaction of
C—H--H-O-R isweaker than that of C—CI---H-O-R; (ii) it is assumed that the in-
teraction of the C atom of CH,Cl, with C—C of alcohol becomes stronger and VE
more positively increasing with increasing carbon chain length in ROH. It was
concluded: (i) interaction between chlorinated methanes and R—-OH are weak, ex-
cept for methanol; (i) the interactions with R—OH falsin the order CCl4 > CHCl3 >
> CH>Cly; (iii) the tendency of interacting with C—C in ROH ascends in the order
CCl4 << CHCI3 << CH»Cl>» and (iv) the H-bond of C—Cl---H-O is weaker than
that of O—H---O-H but stronger than the interaction of C-Cl with C—C in ROH.

Branched alcohols could be also included here. For example, mixtures of
CH2Cl2 with isomer of butanol (2-butanol, 2-methyl-1-propanol, 2-methyl-2-pro-
panol).61

The volume of VE (x = 0.5) for mixtures of 1-butanol and these isomers with
CH»Cl5 increases in order: 1-butanol < 2-methyl-1-propanol < 2-butanol < 2-me-
thyl-2-propanol. It is clear that a breaking of the hydrogen bonds leads to ex-
pansion of the mixtures. The positive values of VE for the mixtures 2-butanol +
+ chloroform2® are very explicit as opposed to the S-shape of the VE—x curve
(Fig. 4) of the mixture 1-butanol + chloroform. The positive contribution of the
break-up of the alcohol structure is responsible, asin the previous cases. Namely,
VE becomes more positive as the branching in the alcohols increases and negative
values for the secondary and tertiary alcohols caused by the geometrical fitting
into the remaining alcohol structure islessimportant.

6. CONCLUSIONS

It is evident that the excess molar volume VE in the mixtures of alcohols
with various types of compounds (aromatics, halo and nitroaromatics and halo-
aliphatics) treated in this work, showing very complex behaviour, possesses three
dominant contributions. These are: (i) the positive values are caused by the break-
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ing of H-bonds in the self-associated structure of the alcohol molecules, dipole-
—dipole interactions between monomers and polymers of the alcohols and stretch-
ing effects in the favourable orientation order of the second component; (ii) the
negative values arise from changes of the “free volumes® in these real mixtures,
the presence of electron donor—acceptor ability of acohol and the other com-
ponent, and OH---it electron H-bonded complexes between unlike molecules and
(iii) the fitting of the other component into the intermolecular space of the net-
work structure of the 1-alcohols or steric hindrance of the branched alcohols
|eads to the dense packing of the mixtures.

For the investigated mixtures, these contributions are balanced giving the cor-
responding values of VE and the explained complex behaviour of the mixtures.
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U3BOJ

CTYAUJA MOJIEKYJICKUX MHTEPAKIIMJA HA BA3U1 BOJIYMETPUICKUX
CBOJCTABA TEUHUX BUHAPHUX CMEIIA KOJE CAAPXE AJIKOXOJIE

BOJAH . BOPBEBWH, UBOHA P. PAIOBUH, MUPJAHA Jb. KWJEBYAHIH,
AJIEKCAHJAP X. TACUR u CJIOBOJIAH II. LIEPBAHOBU'R

Texnoaowko—meitianypuiku gaxyaitieini, YHusep3auitieini y beozpaoy, Kapuezujesa 4, 11120 beozpao

Y oBOM pany HCIHTaHa je Be3a m3Mel)y BONyMETpHjCKHX edekara Mellama M MOJEKYJICKHX
UHTEPaKIUja Pa3IMYMTHX MOJICKYJIa Y OMHApHUM CMellaMa HOPMAJHUX WJIM PasrpaHaTHX aJKo-
X0Jla Ca PasIMYUTHM KOMIIOHEHTaMa (apoMaTiMa, Xajlo M HHTPOapoOMaTHMa, XaJOreHHM JepUBa-
THMa yTrJbOBOAOHHKA). OBaj paj CaapKu Mperiie/l HallluX HCTPaXKUBakba MOCICABUX TONHA, Ko U
pe3ynTare HCTpaXkHBama APYTUX ayTopa y HUiby OOJbET pa3yMeBama BOIYMETPHjCKHX CBOjCTaBa U
00JBET YBHIA Y CIIOKEHOCT CTPYKTYpa UCIIUTHBAHUX CMeIIa. Y3eTH ¢y Yy 003Hp | IeTajbHO o0jar-
FeHN (DH3MUKH, XEMHjCKH M T€OMETPHjCKH yTHIAju Ha mpomeny VE Bpensoctu (mosuTuBHe, cur-
MOMIHE, HeraTuBHe). YTBPHEHO je 1a Ha OJHOC OBHX JOIPHUHOCA BEIMKH YTULA] MMa MOHALIAE
MOJIEKyJIa aJIKOXO0JIa Y KOHTAKTy ca JPYrMM KOMIIOHEHTaMa.

(Mpumibeno 13. janyapa 2009)
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