This article was downloaded by:

On: 28 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

VELUHE L UM ) 0 S DR Physics and Chemistry Of Liquids
Physics and Publication details, including instructions for authors and subscription information:
Chemistry of Liquids http://www.informaworld.com/smpp/title~content=t713646857

AN INTERNATIONAL JOUARNAL

Physicochemical Properties of Acetonitrile-Butan-1-Ol and Acetonitrile-
Butan-2-Ol Mixtures

Cezary M. Kinart*; Wojciech J. Kinart®; Andrzej Kolasinski*; Aneta Cwikliriska?

@ Faculty of Physics and Chemistry, University of £6dZ, £6dz, Poland ® Department of Organic
Chemistry, University of £L.odz, £6dz, Poland

Norman H. March

Emeritas Profesios, Oofond Unbee ity UE
M,

Giuseppe G. M. Angilella
{Co-Erfier] Uriversits o Catania, (starcs, Jlsly

To cite this Article Kinart, Cezary M. , Kinart, Wojciech J. , Kolasinski, Andrzej and Cwikliniska, Aneta(2000)
'Physicochemical Properties of Acetonitrile-Butan-1-Ol and Acetonitrile-Butan-2-Ol Mixtures', Physics and Chemistry of
Liquids, 38: 5, 583 — 597

To link to this Article: DOI: 10.1080/00319100008030305
URL: http://dx.doi.org/10.1080/00319100008030305

PLEASE SCROLL DOWN FOR ARTICLE

Full terns and conditions of use: http://wwinformworld.conlterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713646857
http://dx.doi.org/10.1080/00319100008030305
http://www.informaworld.com/terms-and-conditions-of-access.pdf

07:59 28 January 2011

Downl oaded At:

Phys. Chem. Lig., 2000, Vol. 38, pp. 583-597 © 2000 OPA (Overseas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under
Photocopying permitted by license only the Gordon and Breach Science
Publishers imprint.

Printed in Malaysia.

PHYSICOCHEMICAL PROPERTIES
OF ACETONITRILE -BUTAN-1-OL
AND ACETONITRILE -BUTAN-2-OL
MIXTURES

CEZARY M. KINART**, WOJCIECH J. KINART®,
ANDRZEJ KOLASINSKI? and ANETA CWIKLINSKA?

3 Faculty of Physics and Chemistry, University of £.6d?,
90-236 1.6dZ, Pomorska 163, Poland;
bDepartment of Organic Chemistry, University of 1.6d?,
90-136 t.6d7, Narutowicza 68, Poland

( Received 9 August 1999)

The densities (d);) and relative permittivities (£,) of liquid binary mixtures of
acetonitrile—butan-1-ol and acetonitrile—butan-2-ol were measured at 288.15K,
293.15K, 298.15K, 303.15K and 308.15K, as well as refractive indices (n(3) at
298.15K and surface tensions (02) at 293.15K, 298.15K and 303.15K. From all these
data, the molar volumes (V,,), apparent molar volumes (¥; ,), temperature coefficients
of relative permittivities (c;2) and surface tensions (k) and their deviations from ideal-
ity were calculated. Additionally, the Kirkwood’s correlation factors (gx) were found.
The values of these properties are discussed in terms of interactions of acetonitrile
with butan-1-ol and butan-2-ol.

Keywords: Physicochemical properties; intermolecular interactions; internal structures

INTRODUCTION

Physicochemical and thermodynamic investigations play an impor-
tant role in helping to understand the nature and extent of the pat-
terns of molecular aggregation that exist in binary liquid mixtures

*Corresponding author.
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and their sensitivities to variations in composition and the molecular
structure of the pure components.

The specific interaction due to the hydrogen bond between the polar
groups of different components is primarily responsible for the non-
ideal behaviours of binary associated solutions. When an alcohol is
mixed with organic compounds (for example acetonitrile), part of alco-
hol molecules will tend to dissociate from the polymeric aggregates
through the hydrogen bond to form other kinds of hydrogen bonds
with different kinds of molecules and the geometrical fitting of the se-
cond component into the remaining alcohol structure. On the other
hand, there is possible a process of cooperative accommodation of the
second component into the alcohol structure which is accompanied
by an interstitial dissolution. As a rough first approximation, these
may by the most decisive factors in determining the sign and magni-
tude of the deviation from the ideal solution law [1-5}.

In this paper, our intention is to explore the dependence of the
excess molar volume (V,’j:), apparent molar volume (V; ,), surface ten-
sions and dielectric properties of liquid binary mixtures of aceto-
nitrile (ACN) with butan-1-ol (BtOH) and butan-2-ol (BtOH-2) on
variations in the molecular structures of the butanols. An attempt has
been made to obtain information concerning the existence of ordered
patterns of molecular aggregation.

EXPERIMENTAL

For the measurements of relative permittivities, densities, surface
tensions and refractive indices chemical pure ACN (Fluka), BtOH
(Fluka) and BtOH-2 (Fluka) were used. They were dried and purified
according to known procedures [23]. The relative permittivities meas-
urements were performed with an accuracy of £0.1%, using a bridge
of the type OH - 301 (made in Hungary). Solvent densities were
measured, using a glass Lipkin pycnometer. The maximum error in
the density measurements was 1-10™°g-cm™>. The surface tensions
were measured by the maximum bubble pressure method with an ac-
curacy of +0.2%. The refractive index measurements for sodium
light (A = 598.55nm) were performed using the Abbe refractometer.
Each temperature was maintained constant with an accuracy of
+ 0.1 K. All the solutions were prepared by weight.
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RESULTS AND DISCUSSION

In this work, with the aim of analysing the intermolecular interactions
between the components in the ACN-BtOH and ACN-BtOH-2
binary mixtures, we measured densities (d);), relative permittivities
(e12) at 288.15K, 293.15K, 298.15K, 303.15K and 308.15K, surface
tensions at 293.15K, 298.15K and 303.15K and refractive indices at
298.15K within the whole composition range of the binaries.

Volumetric Properties of the Acetonitrile - Butan-1-ol
and Acetonitrile — Butan-2-ol Mixtures

From the measured densities (d;,) (see Tabs. I and II) the molar ex-
cess volumes (V,ﬁ) of the mixtures, at the temperature 7 = 298.15K,
were fitted to the equation:

V,f,le-Ml(dl‘zl—dfl)+x2-M2(d1"2'—d2“) (1)

TABLE 1 Densities (d),) for the liquid ACN-BtOH mixtures at 288.15K, 293.15K,
298.15K, 303.15K and 308.15K

di [g-cm™ 3]
% mol. BtOH  288.15K 293.15K 298.15K 303.15K 308.15K
0 0.78724 0.78195 0.77664 0.77128 0.76591
5 0.78922 0.78394 0.77864 0.77328 0.76792
10 0.79120 0.78593 0.78062 0.77528 0.76989
15 0.79318 0.78791 0.78259 0.77729 0.77184
20 0.79513 0.78987 0.78454 0.77928 0.77376
25 0.79704 0.79180 0.78645 0.78125 0.77564
30 0.79891 0.79369 0.78833 0.78319 0.77749
35 0.80071 0.79552 0.79015 0.78509 0.77929
40 0.80245 0.79729 0.79191 0.78694 0.78106
45 0.80410 0.79898 0.79361 0.78873 0.78277
50 0.80566 0.80059 0.79524 0.79045 0.78444
55 0.80712 0.80210 0.79679 0.79209 0.78606
60 0.80845 0.80350 0.79824 0.79365 0.78763
65 0.80966 0.80478 0.79960 0.79510 0.78914
70 0.81072 0.80593 0.80085 0.79645 0.79059
75 0.81163 0.80694 0.80199 0.79768 0.79198
80 0.81237 0.80780 0.80300 0.79879 0.79330
85 0.81293 0.80849 0.80389 0.79975 0.79456
90 0.81330 0.80902 0.80463 0.80058 0.79575
95 0.81347 0.80935 0.80523 0.80124 0.79687

100 0.81343 0.80949 0.80568 0.80175 0.79791
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TABLEII Densities (d);) for the liquid ACN —BtOH-2 mixtures at 288.15K, 293.15K,
298.15K, 303.15K and 308.15K

diz [g-em ]
% mol. BtOH-2 288.15K 293.15K 208.15K 303.15K 308.15K
0 0.78724 0.78195 0.77664 0.77128 0.76591
5 0.78888 0.78328 0.77808 0.77279 0.76729
10 0.79031 0.78471 0.77952 0.77424 0.76876
15 0.79170 0.78611 0.78091 0.77568 0.77021
20 0.79305 0.78782 0.78228 0.77708 0.77165
25 0.79437 0.78878 0.78362 0.77847 0.77306
30 0.79566 0.79007 0.78493 0.77984 0.77446
35 0.79693 0.79133 0.78621 0.78119 0.77584
40 0.79818 0.79255 0.78748 0.78253 0.77721
45 0.79942 0.79375 0.78873 0.78368 0.77856
50 0.80055 0.79493 0.78975 0.78518 0.77990
S5 0.80157 0.79608 0.79121 0.78648 0.78122
60 0.80260 0.79721 0.79244 0.78779 0.78253
65 0.80372 0.79832 0.79367 0.78909 0.78383
70 0.80466 0.79942 0.79491 0.79039 0.78511
75 0.80571 0.80050 0.79615 0.79169 0.78639
80 0.80657 0.80158 0.79740 0.79300 0.78765
85 0.80756 0.80264 0.79867 0.79431 0.78920
90 0.80867 0.80385 0.79996 0.79563 0.79074
95 0.80962 0.80505 0.80126 0.79696 0.79218
100 0.81038 0.80639 0.80226 0.79806 0.79369

where: M, d, and x, are the molar mass, density and mole fraction
of ACN, respectively; M», d, and x, are the molar mass, density and
mole fraction of BtOH and BtOH-2; and d, is the density of the
mixture. The values of VE for the investigated systems are reported in
Tables III and IV and are presented graphically as a function of com-
position in Figure 1.

The apparent molar volumes of the acetonitrtile (V4 acn) and the
butanols (Vs mion or Vy mion-2) for the investigated systems were
derived from the relations:

Macn
di»

)

Vo ACN = {Maicoh.* XACN * (daicoh. — @12)/Xaicoh.* d12 * Aalcob. } +

M
Vs alcon. = {Macn - Xaicon. - (dacn —dh2) /XacN - diz2 - dACN} + :}ll":h- (3)

Values of these properties calculated from Eqgs. (2) and (3) are given in
Tables III and IV.
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TABLE III  Apparent molar volumes (¥; ,) and the deviations from ideality of molar
volume (V£) and density (d5) for the liguid ACN-BtOH mixtures, at 298.15K

Vicw.s Vaions Vo 107 dp; - 10*
% mol. BtOH [em®-mol™']  fem® - mol™']  [em’-mol™"] [en? mol™ |
0 52.856 - 0.00 0.00
5 52.889 92.623 3.09 —-4.40
10 52.914 92.528 5.24 -17.21
15 52.933 92.437 6.50 —8.67
20 52.943 92.352 6.96 -9.02
25 52.946 92.272 6.73 —8.45
30 52.940 92.199 5.88 -7.18
35 52.926 92.132 4.52 —5.37
40 52.903 92.072 2.7 -3.20
45 52.870 92.019 0.72 —-0.82
50 52.827 91.937 — 148 1.62
55 52.774 91.935 -3.70 3.97
60 52.711 91.906 —5.81 6.08
65 52.637 91.884 —-7.67 7.85
70 52.552 91.872 —-9.13 9.12
75 52.455 91.868 - 10.03 9.80
80 52.346 91.875 —10.20 9.74
85 52.225 91.891 —-9.46 8.84
90 52.091 91917 - 7.64 6.99
95 51.943 91.954 —4.56 4.09
100 - 92.002 0.00 0.00

TABLE IV Apparent molar volumes ( V; ,) and the deviations from ideality of molar
volume (VE) and density (d5) for the liquid ACN-BtOH-2 mixtures, at 298.15K

VAOCN,¢ Vgxoy-2,¢ V,ﬁ -10? dlEz -10*
% mol. BIOH-2  [cm’-mol”']  [em’-mol™ "] [em®-mol™']  [cm’-mol™ ']
0 52.856 - 0.00 0.00
5 52.909 93.409 5.08 -721
10 52.960 93.335 9.42 -1293
15 53.012 93.280 13.31 —17.67
20 53.065 93.229 16.73 -21.53
25 53.118 93.181 19.68 —24.58
30 53.173 93.133 22.18 -26.90
35 53.228 93.085 24.20 -28.52
40 53.284 93.037 25.73 —29.50
45 53.342 92.988 26.76 -29.86
50 53.401 92.939 27.26 —29.64
55 53.460 92.888 27.20 -28.84
60 53.519 92.836 26.57 -27.48
65 53.579 92.783 25.32 -25.57
70 53.636 92.728 23.43 -23.11
75 53.689 92.672 20.85 -20.11
80 53.732 92.613 17.54 -16.55
85 53.753 92.552 13.47 - 1243
90 53.711 92.489 8.56 -7.74
95 53.414 92.423 2.79 -247
100 - 92.394 0.00 0.00
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FIGURE ! Changes in the excess molar volumes (VZ) for the liquid ACN-BtOH and
ACN - BtOH-2 mixtures, at 298.15K.

Additional information about intermolecular interactions in bina-
ry liquid mixtures are provided by the analysis of deviations from
“ideality” of density (d;2). In this study, using experimental values
of density at 298.15K, the deviations from “ideality” of the function
involved have been calculated from the following equation:

X1 -My+x- M,

a'E =dip - ——————— =
12 12 M) M;
Xt - @ + X3 &

4)

where M is the molar weight.
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Values calculated from the above equation over a range of the
composition of ACN-alcohols mixtures are shown in Tables III
and IV.

It can be seen from Figure 1 that the variation of excess molar
volumes of ACN-BtOH and ACN—BtOH-2 binary liquid mixtures
are to be poles asunder.

In the case of ACN-BtOH binaries, the analysis of the course of
changes of VE as a function of the composition of the studied mix-
tures points at two characteristic composition regions of mixed solvent
within which the appearance of strong intermolecular interactions
may be expected.

First of them corresponds to ca. 20mol.% of BtOH. Within this
region the maximum of VZ are linked with it the minimum of d% (see
Tab. III) are observed. These effects can be accounted for by the
break-up of BtOH structure and the geometrical fitting of ACN into
the remaining alcohol structure. Since the aicohol structure has open
cavities, the values of VE should be positive [6, 7).

The second characteristic composition region for studied mixtures
of ACN with BtOH corresponds to ca. 80 mol.% of BtOH. Addition-
ally, the analysis of the courses of studied excess functions (V£ and
df) indicates that this composition range corresponds to the most
dense and packed mixed solvent. In the cases where the excess volume
changes sign, there is always a volume contraction in alcohol-rich
region [2]. These properties have been used as a qualitative as well as
quantitative guide to extend of complexing in analysing binary liquid
mixtures [6—10].

The analysis of changes of excess values of molar volume and den-
sity of liquid binary mixtures ACN—BtOH-2 indicates that for the
studied system only one characteristic composition region is observed
(see Fig. 1 and Tab. IV) from the point of view of changes of these
functions. This characteristic composition region for studied mixtures
ACN-BtOH-2 corresponds to ca. 50 mol.% of BtOH-2. Within this
region the maximum of VZ and linked with it the minimum of df; are
observed. These effects, in reference to the internal structure of ACN
and BtOH-2, should be interpreted in the analogous way as it has been
done above while discussing changes of VE and 4%, for the composi-
tion range corresponding to ca. 20mol.% of BtOH in the binary mix-
ture ACN-BtOH.



07:59 28 January 2011

Downl oaded At:

590 C. M. KINART et al.

Observed by us different courses of analysed curves for various com-
position ranges of studied liquid mixtures are presumably associated
with a size and shape of formed intermolecular complexes by ACN
with studied alcohols which is result of a different structure and H-
donors properties of alcohols molecules {11-15].

The analysis of changes of obtained values of V; , as a function of
the composition for studied mixtures (see Tabs. III and IV) points at
the existence of extremes at mentioned functions. However, the inter-
pretation of these results from the point of view of intermolecular
interactions is difficult. Values of these extremes are small and they
exceed the measuring error only by an order of magnitude.

Dielectric and Surface Tension Properties
of the Acetonitrile — Butan-1-ol
and Acetonitrile — Butan-2-ol Mixtures

From the experimental values of relative permittivities (¢,,) (see Tabs.
V and VI), the temperature coefficients of the relative permittivity,

TABLE V Relative permittivities (g,,), temperature coefficients of the relative per-
mittivity (o) and refractive indices (n%,) for the liquid ACN-BtOH mixtures

€12

% mol. o102 [K]  nb

BtOH  288.15K 293.15K 298.15K 303.15K 308.15K 298.15K  298.15K
0 37.58 3678 3597 3509  34.25 4.120 1.34162
5 3544 3470 3394 3311 3229 4.840 1.34603
10 3352 3282 3211 3132 30.51 5.400 1.35030
15 31.80 3114 3045 2969  28.92 5.806 1.35442
20 3026  29.63 2897 2823 2749 6.074 1.35839
25 28.89 2829 2765 2691 2621 6.157 136219
30 27.68 2710 2647 2573 2506 6.140 1.36584
35 2661 2604 2542 2467  24.05 6.071 1.36932
40 2567 2511 2449 2373 2314 5.950 1.37262
45 24.84 2428 2366 2289  22.34 5.782 1.37575
50 2411 2354 2292 2214 2161 5.565 1.37871
55 2346 2289 2226 2146 2097 5.318 1.38147
60 2289 2230 2166 2085 2037 5116 1.38405
65 2237 2176 2111 2030 19.83 5.018 1.38644
70 21.89 2126 2060 1978  19.32 4.980 1.38862
75 2144 2079 2012 1930  18.82 4.987 1.39061
80 2100 2032 1965  18.84  18.34 5.059 1.39239
85 20.56 1985 1917 1838  17.84 5.309 1.39396
90 2010 1936 1868 1792 1733 5.714 1.39532
95 1962 1885 1816 1744  16.78 6.240 1.39646

100 19.07 18.28 17.56 16.91 16.31 6.900 1.39737
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TABLE VI Relative permittivities (¢2), temperature coefficients of the relative per-
mittivity (@) and refractive indices (n%,) for the liquid ACN -BtOH-2 mixtures

€12
% mol. a2-107? [K] n?
BtOH-2 288.15K 293.15K 298.15K 303.15K 308.15K 298.15K 298.15K
0 37.58 36.78 3597 35.09 34.25 4.120 1.34163
5 35.53 34.717 34.01 33.16 32.36 4.651 1.34552
10 33.63 32.90 32.20 31.37 30.59 5172 1.34921
15 31.86 31.16 30.50 29.70 28.95 5.660 1.35271
20 30.24 29.55 28.93 28.16 27.42 6.133 1.35604
25 28.74 28.05 27.47 26.73 26.01 6.611 1.35919
30 27.36 26.68 26.13 25.41 24.70 7.070 1.36220
35 26.11 25.42 24.89 24.19 23.49 7.482 1.36506
40 2497 2427 23.76 23.08 22.38 7.851 1.36780
45 23.94 23.22 22.72 22.07 21.37 8.203 1.37042
50 23.02 2228 21.78 21.14 20.44 8.494 1.37294
S5 22.20 21.43 20.93 20.31 19.59 8.661 1.37537
60 21.47 20.68 20.17 19.55 18.83 8.810 1.37773
65 20.83 20.02 19.48 18.86 18.13 8.951 1.38002
70 20.28 19.44 18.88 18.25 17.51 9.092 1.38226
75 19.80 18.95 18.34 17.71 16.94 9.201 1.38447
80 19.40 18.53 17.87 17.22 16.44 9.310 1.38665
85 19.07 18.18 17.46 16.79 15.99 9.423 1.38881
90 18.81 17.90 17.11 16.41 15.59 9.520 1.39098
95 18.60 17.69 16.82 16.07 15.24 9.611 1.39316
100 18.45 17.54 16.58 15.78 14.93 9.700 1.39537
denoted aq,, viz.:
1 dE]z :|
o= —- | o2 5
2T e [d(l/T) (5)

at 298.15K, were calculated (see Tabs. V and VI). The composition
range of liquid binary mixtures within which ey, or its excess (of,)
attain their highest values should be interpreted (as shown in Rietzsch
et al’s thermodynamic consideration [16]) as a region characterized
by maximal intermolecular interactions between two different compo-
nents of the given liquid mixture.

In our studies on intermolecular interactions in liquid mixtures of
ACN with both butanols we have carried out the analysis of changes
of excess values of of, as a function of the composition of the mixed
solvent (see Fig. 2).

In the case of ACN-BtOH mixtures, we observed the tendency to
achieve the maximum by the function of, at ca. 80 mol.% of BtOH.
This effect can be accounted by maximal intermolecular interactions
between ACN and BtOH, which lead to the formation of stable
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FIGURE 2 Changes in the excess temperature coefficient of relative permittivities
(@) in the liquid ACN-BtOH and ACN-BtOH-2 mixtures, at 298.15K.

intermolecular complexes [5, 16). Further interesting result, for these
mixtures, can be obtained by detailed analysis of the functions
af, = f(mol.% BtOH). This indicates that increasing addition of BtOH
to ACN up to ca. 20mol.% BtOH, where the minimum is reached,
causes the rapid drop in of,. Further addition of BtOH to the mix-
tures causes an increase in af, which results in the maximum at ca.
80mol.% BtOH. This effect can be accounted for by the break-up of
BtOH structure and the geometrical fitting of ACN into the remain-
ing alcohol structure. Whereas, further addition of BtOH, up to ca.
80mol.% of BtOH, stabilizes the internal structure increasingly by
complexing in the analysed binary liquid mixtures.
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The course of changes of of, as a function of the composition of
the mixed solvent ACN-BtOH-2 may appear unexpected. This
parameter achieves maximum for the composition range correspond-
ing to ca. 50 mol.% of BtOH-2, which means for the same composition
range where the maximum of VE is observed (see Fig. 1). It is most
likely linked with formation here of a “complex” of ACN :BtOH-2
which exists inspite of loosening of the internal structure of liquid
ACN-BtOH-2 mixtures characterized by the highest stability in com-
parison with other possible intermolecular structures.

Presently, in purpose to gain further information regarding inter-
molecular interactions in liquid mixtures of ACN with BtOH and
BtOH-2, we have applied measurements of temperature dependances
of the surface tension (o) of these systems (see Tabs. VII and VIII).

The analysis of changes of the surface tension and its temperature
coefficients, denoted k [or more precisely its negative value, viz. k =
—(do12/dT)] within the whole compositions range enables the assess-
ment of intermolecular interactions between components of binary

TABLE VII Surface tension (o)2) for the liquid ACN~BtOH mixtures
at 293.15K, 298.15K and 303.15K

o12-10° [N-m™ ]

% mol. BIOH 293.15K 298.15K 303.15K
0 29.20 28.16 27.71
5 27.28 26.17 25.70
10 26.50 25.41 24.81
15 26.07 24.97 24.36
20 25.76 24.70 24.07
25 25.56 24.53 23.90
30 25.36 24.37 23.75
35 25.17 24.22 23.61
40 25.00 24.09 23.48
45 24.83 23.95 23.36
50 24.68 23.84 23.26
55 24.54 23.72 23.15
60 24.43 23.64 23.06
65 24.34 23.58 23.00
70 24.27 23.54 22.94
75 24.24 23.52 22.90
80 24.23 23.53 22.89
85 24.28 23.56 22.92
90 24.35 23.67 22.99
95 24.49 23.84 23.12

100 24.67 24.23 23.78
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TABLE VIII Surface tension (a,) for the liquid ACN-BtOH-2 mix-
tures at 293.15K, 298.15K and 303.15K

o12- 108 (N-m™]
% mol. BIOH-2 293.15K 298.15K 303.15K
0 29.20 28.16 27.71
5 28.47 27.42 26.97
10 27.83 26.78 26.31
15 27.26 26.23 25.13
20 26.77 25.76 25.22
25 26.35 25.36 24.78
30 25.98 25.03 24.40
35 25.67 24.76 24.09
40 25.40 24.54 23.82
45 25.17 24.36 23.60
50 24.97 24.22 23.42
55 24.80 24.10 23.27
60 24.65 24.00 23.15
65 24.52 23.92 23.06
70 24.38 23.84 22,99
75 24.25 23.75 22.92
80 24.12 23.65 22.87
85 23.96 23.54 22.82
90 23.79 23.39 22.76
95 23.60 23.21 22.69
100 23.36 22.99 22.61

mixtures the more so as it has been shown by Landau [17] and
Torianik [18] that the fluctuation of k values should be interpreted as
changes of entropies of aggregates forming the free surface of the
studied mixture.

The temperature coefficients of surface tension &k, T = 298.15K, are
presented graphically as a function of ACN-BtOH and ACN-
BtOH-2 composition in Figure 3. The course of their changes indi-
cates that they achieve maximum values for the composition range
corresponding to ca. 20mol.% of BtOH and 50 mol.% of BtOH-2. It
corresponds also to the maximum positive values of entropies of
aggregates forming the free surface of studied mixtures. These results
fully confirm earlier conclusions that in a case of composition ranges
corresponding ca. 20 mol.% of BtOH and 50mol.% of BtOH-2 in
studied binary mixtures we deal with the most loose structure of men-
tioned systems.

It may be explained in the analogous way as previously by decom-
position of long linear associates of BtOH and BtOH-2 by molecules
of ACN and formation of intermolecular associates linked with each
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7k ® ACN-BtOH .
o ACN- BtOH-2

51 .

3+ .

1 A

| 1 L L ]

i ! 1 1
0 10 20 30 40 50 60 70 80 90 100
mol % R-0OH

FIGURE 3 Changes in the temperature coefficient of surface tensions (k) in the liquid
ACN-BtOH and ACN -BtOH-2 mixtures, at 298.15K.

other in a loose way. Such structure is characterized by big number of
free cavities which has been pointed out while analysing changes of VE.

One of the tools for the investigation of molecular interactions in
liquids is an analysis of the Kirkwood’s correlation factor (gx) [19].
Its values reflect mutual orientation of neighbouring molecular dipoles
and they can inform about the possible kind of associates present in
the solution [20]. According to Cole [20,21], the Kirkwood’s corre-
lation factor for binary liquid mixtures can be calculated from the
equation:

gx = [9KT(My - x1 /dy + My - x5 /) [4TIL(s} - x1 + 133 - x)°]
[(e12 = €00) (2612 + €00 [E12(E00 + 2)7]
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where: k and L are respectively Boltzmann’s and Avogadro’s
constants; M;, x;, d; and p? represent respectively the molar mass,
mole fraction, density and gas-phase dipole moment; i = 1 denotes
acetonitrile, while i = 2 denotes BtOH or BtOH-2. T is temperature of
the mixture, £,; — relative permittivity of solution, while e, = 1.1 -nf)
represent the mixture relative permittivity at high frequency [21].
From the experimental values of relative permittivity, refractive
index (see Tabs. V and VI) and literature values of dipole moment
of ACN, BtOH and BtOH-2 (uacn = 3.37D, ppion = 1.70D and
Upon-2 = 1.64 D [22]) the Kirkwood’s correlation factors, at 298.15K,

rgx
35+ -

o ACN-BtOH
o ACN-BtOH- 2

I 1 ! A 1 1

i | [l
0 10 20 30 4 2 60 7 80 90 100
mol % R-OH

FIGURE 4 Changes in the Kirkwood’s correlation factors (gx) in the liquid ACN-
BtOH and ACN - BtOH-2 mixtures, at 298.15K.
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were calculated. The gk values for ACN—-BtOH and ACN-BtOH-2
binary mixtures as a function of the mixture composition is pre-
sented in Figure 4.

The gx values in all mixtures investigated here are following:
0.96 <gx<3.08 for ACN-BtOH-2 mixtures and for ACN-BtOH
0.96 < ggx <294 -2, which suggests that the acetonitrile—alcohols
open dimers and multimers exist in the systems.
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