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SOLUTIONS. PART 11. 

PHYSICOCHEMICAL PROPERTIES 

MIXTURES 
OF ACETONITRILE - PROPAN-2-OL 
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ANDRZEJ KOLASINSKP, ANETA CWIKLINSKA~ 

and TOMASZ DZIKOWSKI" 

a University of t d d i ,  Faculty of Physics and Chemistry, 90-236 Lddi, 
Pomorska 163, Poland; 

University of tddi, Department of Organic Chemistry, 90-136 t d d i ,  
Narutowicza 68, Poland 

(Received 25 Ociober 1999) 

The 'H-NMR spectra of liquid binary mixtures of acetonitrile and propan-2-01, were 
recorded at  298 K over almost the whole range of the mixed solvent compositions. From 
these data were found the values of the spectral parameter, Ab(ACN-PrOH-2). The 
densities ( d I 2 )  and relative permittivities ( E , ~ )  of the mixed solvent were measured at 
288.15K. 293.15K, 298.15K, 303.15K and 308.15K, as well as refractive indices at 
298.15 K. From all these data, the molar volumes ( Vm), temperature coefficients of rela- 
tive permittivities ( ( ~ ~ 2 )  and their deviations from ideality were calculated. Additionally, 
the Kirkwoods correlation factors (gK) were found. The values of these properties 
are discussed in terms of interactions of acetonitrile with propan-2-01. 

Keywords: Physicochemical properties; intermolecular interactions; binary liquid 
mixtures 
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696 C. M. KINART er al. 

INTRODUCTION 

Previously we have investigated the internal structure in the liquid 
acetonitrile - methanol, acetonitrile - butan- 1-01 and acetonitrile - 
butan-2-01 binary mixtures, based on the correlation existing be- 
tween the ‘H-NMR spectral results and some physicochemical in- 
tensive properties of the same binary mixtures [1,2]. In the present 
work, taken into account the published data [3- 113 concerning the 
structure of liquid ACN and alcohols and our results of mixtures of 
water, methanol, butan-1-01 and butan-2-01 with acetonitrile [l, 2,121, 
we have analysed the mutual intermolecular interactions in the liquid 
mixtures of acetonitrile (ACN) - propan-2-01 (PrOH-2). 

EXPERIMENTAL 

Presently ’ H-NMR spectral studies and the measurements of relative 
permittivities, densities and refractive indices of mixtures of chemical 
pure acetonitrile (Fluka) and PrOH-2 (Fluka) were carried. They 
were dried and purified according to known procedures [13]. The 
‘H-NMR spectra were recorded using a Tesla BS 467 (60MHz) 
spectrometer, at 298 f 1 K. The proton chemical shifts of ACN and 
PrOH-2 were measured with an accuracy of ca. f 0.2 Hz with re- 
spect to an external standard HMDS (hexamethyldisiloxane). The rela- 
tive permittivity measurements were performed with an accuracy of 
f O . 1 % ,  using a bridge of the type OH-301 (made in Hungary). Sol- 
vent densities were measured, using a glass Lipkin pycnometer. The 
maximum error in the density measurements was 3 g . ~ m - ~ .  
The refractive index measurements for sodium light (A = 598.55 nm) 
were performed using the Abbe refractometer. Each temperature was 
maintained constant with an accuracy of f 0.01 K. All the solutions 
were prepared by weight. 

RESULTS AND DISCUSSION 

From the measured densities (&) (see Tab. I) the molar excess 
volumes (V,“) and deviations from “ideality” of density [A(d12)ideal.] 
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BINARY LIQUID MIXTURES 697 

TABLE I Densities (dIz )  for the liquid ACN-PrOH-2 mixtures at 288.15 K, 293.1 5 K, 
298.15K, 303.15K and 308.15K 

YO mol. 
PrOH-2 288.15 K 293.15 K 298.15 K 303.15 K 308.15K 

dl 2 [g . cm -3] 

0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 

0.78726 
0.78668 
0.78637 
0.78626 
0.7863 1 
0.78646 
0.78669 
0.78695 
0.78723 
0.78751 
0.78777 
0.78799 
0.78818 
0.78833 
0.78845 
0.78856 
0.78866 
0.78878 
0.78895 
0.78920 
0.78957 

0.78195 
0.78158 
0.78140 
0.781 37 
0.78145 
0.78163 
0.78187 
0.78214 
0.78244 
0.78274 
0.78304 
0.78332 
0.78357 
0.78381 
0.78402 
0.78421 
0.78440 
0.78458 
0.78479 
0.78 504 
0.78534 

0.77664 
0.77620 
0.77600 
0.77604 
0.77616 
0.77641 
0.77674 
0.7771 1 
0.77749 
0.77787 
0.77822 
0.77853 
0.77882 
0.77906 
0.77928 
0.77949 
0.77969 
0.77993 
0.78021 
0.78059 
0.78110 

0.77 128 
0.77090 
0.77072 
0.77071 
0.77083 
0.77 106 
0.77 136 
0.77 1 70 
0.77208 
0.77246 
0.77284 
0.77322 
0.77358 
0.77392 
0.77426 
0.77459 
0.77493 
0.77529 
0.77570 
0.77617 
0.77673 

0.76591 
0.76563 
0.76553 
0.76558 
0.76575 
0.76601 
0.76634 
0.76672 
0.7671 3 
0.76756 
0.76800 
0.76843 
0.7 6 8 8 6 
0.76928 
0.76969 
0.77009 
0.77049 
0.77090 
0.77133 
0.77 180 
0.77232 

of the mixtures, at the temperature T = 298.15K, were fitted to the 
equation: 

(1) 
v, E = X I  . MI (dE1 - d; l )  + x2 . M2(dEl - d;l)  

where: Mi, di and xi are the molar mass, density and mole fraction 
of component i, with i = 1 for acetonitrile and i = 2 for propan-2-01 
while d12 is the density of the mixture. 

The molar excess volumes (VL) and deviations from “ideality” of 
density [A(d12)ideal.] for all the mixtures were fitted to the equation: 

k 
y = x(l  - x )  C q ( 2 x  - l ) j  (3)  

j = O  

where: x - mole fraction. 
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698 C. M. KINART er al. 

The parameters uj of Eq. (3) were evaluated by the method of least 
squares with points weighted and they are listed in Table I1 along 
with standard deviations. The values of V i  and A(d12)ideal. for the 
investigated systems are presented graphically as a function of com- 
position in Figure 1. 

The analysis of changes of excess values of molar volume and 
density of liquid binary mixtures ACN -PrOH-2 indicates that for 
the studied system only one characteristic composition region is ob- 
served (see Fig. 1 and Tab. 11) from the point of view of changes of 
these functions. This characteristic composition region for studied 
mixtures ACN-PrOH-2 corresponds to ca. 25mol.% of PrOH-2. 
Within this region the maximum of VL and linked with it the mini- 
mum of (Ad12)ideal, are observed. These effects can be accounted for 
by the break-up of PrOH-2 structure and the geometrical fitting of 
ACN into the remaining alcohol structure. Since the alcohol struc- 
ture has open cavities, the values of VL should be positive [14,15]. 

From the experimental values of relative permittivities (cI2) (see 
Tab. HI), the temperature coefficients of the relative permittivity, 
denoted a 1 2 ,  viz.: 

at 298.15 K, were calculated (see Fig. 2). The composition range of 
liquid binary mixtures within which a 1 2  attain their highest values 
should be interpreted (as shown in Raetzsch et uL’s thermodynamic 
consideration [ 161) as a region characterized by maximal intermo- 
lecular interactions between two different components of the given 
liquid mixture. 

We observed the tendency to achieve the maximum by the function 
a12 at ca. 25mol.% of PrOH-2. This effect can be accounted by 
maximal intermolecular interactions between ACN and PrOH-2, 

TABLE I1 Parameters (a,) and standard deviations (3) for least squares representations 
by Eq. (3) of Vi and A(d12)idral. for studied mixtures, at 298.15K 

v: 0.35593 -0.33480 0.70120 0.12440 -0.00910 0.02870 3.4. 
A(d12)idcal. -0.00430 0.00480 -0.00940 0.00010 0.00030 0.00009 6.2. 
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BINARY LIQUID MIXTURES 699 
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FIGURE 1 
“ideality” of density 

Changes in the excess molar volumes (VL) and the deviations from 
for the liquid ACN - PrOH-2 mixtures. 

which lead to formation of stable intermolecular complexes [l -31. 
This effect (similarly as for the interpretation of maximum values of 
V:) can be accounted for by the break-up of alcohol structure and 
the geometrical fitting of ACN into the remaining alcohol structure. 

In this work with the aim of analysing the intermolecular inter- 
actions between the components in the binary liquid ACN - PrOH-2 
mixtures, we measured the values of chemical shifts differences 
G(ACN-PrOH) at 298 K, between the centre of the ’H-NMR signals 
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16 - 

1 L -  

12 - 

10 - 

a -  

6 -  

L -  

*Ad(ACN-PrOH-?) 

J 
(mol %) PrOH-2 

FIGURE 2 Changes in AG(ACN-PrOH-2) and the temperature coefficient of rela- 
tive permittivities (a l2)  for the liquid ACN-PrOH-2 mixtures. 

of the -CH3 group of acetonitrile and the centre of the 'H-NMR 
signals of the -OH group of PrOH-2 molecules over a wide range 
of solvent compositions, i.e., from 1.0 to 99.0mol.Yo of PrOH-2. 
Subsequently, to obtain more conclusive experimental evidence from 
the chemical shifts 6(ACN-PrOH-2), shown in Table 111 and 
explained above, their deviations from the additive properties, viz. 
AG(ACN - PrOH-2) values, have been calculated. The procedure to 
find these values has been discussed in detail previously [l]. The val- 
ues of this structural parameter or, more precisely, the location of 
its maximum values [l -31, are located at the composition with the 
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702 C. M. KINART er al. 

strongest intermolecular interactions between the components, where 
hydrogen bonds are involved. 

The Ab(ACN-PrOH-2) values are visualized in Figure 2 as a 
function of the mixture compositions. The analysis of the data indi- 
cates the presence of a maximum Ab(ACN-PrOH-2) at ca. 25 mol.% 
of PrOH-2. 

Thus, the conclusion can be drawn that at this composition the 
strongest interactions between PrOH-2 and ACN molecules are dis- 
played and it suggests the formation of the structure such as clathrates. 

3.0 ;;IgN 
2.8 

2.6 

2.k 

2.2 

- 
- 

- 

- 

0.6 

O+I 0.2 
I I I I I I 1 I 1 I 
0 10 20 30 10 50 60 70 80 90 100 

(mol % )  PrOH-2 

FIGURE 3 
PrOH-2 mixtures. 

Changes in the Kirkwood’s correlation factors ( g ~ )  for the liquid ACN- 
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BINARY LIQUID MIXTURES 703 

Presently obtained results fully confirm our previous conclusions 
regarding structural aspects derived from densimetric and dielec- 
trometric measurements. 

Additional information about intermolecular interactions in liquid 
binary mixtures is provided by the analysis of Kirkwood’s corre- 
lation factor gK [ 171. Its values reflect mutual orientation of neighbour- 
ing molecular dipoles and they can provide information of associates 
present in solution [17,18]. From the experimental values of rela- 
tive permittivity, refractive index (see Tab. 111) and literature values 
of dipole moment of ACN and PrOH-2 [13] the Kirkwood’s cor- 
relation factors, at 298.15 K, were calculated. The procedure to find 
these values has been discussed in detail previously [l]. The gK values 
for ACN-PrOH-2 binary mixtures as a function of the mixture 
composition are presented in Figure 3. 

The analysis of gK values within the whole composition range 
of ACN - PrOH-2 mixtures suggests that acetonitrile - alcohol open 
dimers and multimers exist in the system. 

As observed by us, different courses of all analysed curves for 
various composition ranges of ACN -PrOH [2] and ACN -PrOH-2 
liquid mixtures are presumably associated with a size and shape of 
intermolecular complexes formed by ACN with studied alcohols as 
a result of different structure of these molecules [3-91. 
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