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PHYSICOCHEMICAL PROPERTIES AND 
INTERNAL STRUCTURES OF DIMETHYL 

MIXTURES 
SULFOXIDE-1-PROPANOL LIQUID 

CEZARY M. KINARTI and WOJCTECH .I. KINARTh 

The ‘ H - N M  R spectra of liquid hin;iry niizlurcs of dinicthyl sulfoxidc ( D h I S O )  nnd 
I-propanol (I’rOH). were IecoIded at 298 I.; I ) \ c ~ -  :iliiio\t tlie wIioIc range of the mixed 
solvent compobitions. From these data \YCIC round l l i c  vcl lues o f  the s1xctr31 parameter, 
Ah(DMS0-PrOH). The densitics ( t l , ? )  and \iscohitieb ol’ the mixed h o l w n t  wcre 
incastired at 2OX.15 K.  21s well ns the relative perinitlivitics ( ( . , , )  ul 293 I S  K .  308.15 I< 
and 303.15 K. From all these data .  the  molar voILIincs ( L i z )  and tlieii- deviations From 
ideality were calculn~cd. Additionally. tlie tctnpci-:itiire coelficicnts of relative permitti- 
vity. xi:. were found.  These striicttiral parunictci-s of functions of concentI-ation auggcsl 
the Formalion of ,table DMSO-I’IOH. I>MSO-2I’rOtl a d  DMSO-~PI-OH type coin- 
plexcs. 

INTROD U CTI 0 Iv 

This paper is a continua tion o f  series o f  studies on intermolecular 
interactions and internal structures of some liquid binary mixtures of 
dimethyl siilfoxide (DMSO) and difrereiit aliphatic :iIc01ioIs, based on 
the corrclation existing between the ‘ H - N M K  spectral results and 
some physicochemical intensive properties o f  the same binary mix- 
tures. 111 the present work we have analysecl the mutual interinolccular 
interactions in  the liquid mixtures of DMSO and I -propano1 (PrOH). 
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Previously [ 13, we have analysed intermolecular interactions in the 
liquid binary mixtures of DMSO-methanol (MeOH) using analogous 
research methods. The conclusion has been drawn from obtained re- 
sults that the stable intermolecular “complexes” of DMSO . MeOH and 
DMSO . 2  MeOH types are formed in the studied system. In the present 
work we have attempted to find out wheter the increase of the length of 
the aliphatic chain of alcohols influences intermolecular interactions 
and the internal structure of the liquid mixtures of alcohol and DMSO. 

EXPERIMENTAL 

For the present ‘H-NMR spectral studies and the measurements of 
relative permittivities, densities and viscosities, chemical pure DMSO 
(Fluka) and PrOH (Fluka) were used. They were dried and purified 
according to the known procedures [2]. The ‘H-NMR spectra were 
recorded using a Tesla BS 467 (60 MHz) spectrometer, at 298 f 1 K. 
The proton chemical shifts of DMSO and PrOH were measured with 
an accuracy of ca. k0.2 Hz with respect to an external standard 
HMDS (hexamethyldisiloxane). The relative permittivity measure- 
ments were performed with an accuracy of i - O . l % ,  using a bridge of 
the type OH-301 (made in Hungary). The viscosities were measured 
with an accuracy *0.1%, using a Hoppler viscosimeter. Solvent den- 
sities were measured, using a glass Lipkin pycnometer (Carl Zeiss, 
Jena). The maximum error in the density measurements was 1 x 
g.cm ~ ’. All the solutions were prepared by weight. 

RESULTS AND DISCUSSION 

Lindberg [3], Narayana et al. [4] and Lindberg and Pietilac51 meas- 
ured heats of mixing, density, viscosity and speed of propagation of 
ultrasound for the binary mixtures DMSO -1-propanol. However, 
they did not interpret their results in terms of stoichiometry and 
internal structure of intermolecular “complexes” formed by molecules 
of PrOH and DMSO. Also, measurements of relative permittivity, 
density and refractive index of the liquid mixtures of PrOH and 
DMSO, carried out over a wide temperature range by Himienko [6] 
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are only available in the monograph by Krestov et al. [7] in the form 
of numerical values collected in tables. However, these results seem to 
be uncertain. We found out that obtained from them values of devi- 
ations from additivity of these physicochemical properties attain sur- 
prisingly the sinusoidal course. It may be a consequence of improper 
drying of both solvents reflected by considerably higher values of 
physicochemical parameters found for pure solvents in comparison to 
other literature data. In this work, with the aim of analysing the inter- 
molecular interactions between the components in the liquid DMSO- 
PrOH mixtures, we measured the values of chemical shift differences 
G(DMS0-PrOH) at 298 K ,  between the centre of the 'H-NMR signals 
of the -OH group of 1-propanol and the centre of the 'H-NMR signals 
of -CH, groups of DMSO molecules over a wide range of solvent 
compositions, i.e. from 5.04 to 96.52 mol.Yo of PrOH (see Tab. I). Sub- 
sequently, using the same method as previously [ 1,7] from these new 
spectral data the spectral parameter AG(DMS0-PrOH) has been evalu- 
ated. The values of this parameter or, more precisely, the location of its 
maximum values, are located at the composition with the strongest, 
intermolecular interactions between the components, where hydrogen 
bonds are involved 1,8,9]. The AG(DMS0-PrOH) values are visualized 
in Figure 1 as a function of the mixture compositions. 

The analysis of the data indicates the presence of a maximum 
AG(DMS0-PrOH) at ca. 75 mol. % PrOH. Thus, at this composition 

TABLE 1 
PrOH), measured at 298 K 

Relative 'H-NMR chemical shifts. 6(DMSO- 

mol.%of PrOH h(DMSO-PrOH) [Hz] 

5.04 
10.23 
15.11 
21.04 
30.52 
37.53 
45.75 
50.04 
56.25 
65.51 
73.94 
8 1.49 
88.76 
96.52 

52.50 
55.25 
58.00 
61.25 
66.25 
70.00 
74.50 
77.25 
81.50 
88.25 
95.00 
95.50 
96.00 
96.50 
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FIGURE I Changes in Aj(DMS0-Pr0H)for  liquid DMSO-PrOH mixtures, at 198 K .  

the strangest interactions between components involving hydrogen 
bonds, are displayed, and that the most stable “complex” is DMSO. 3 
PrOH. 

From the relative permittivity data (see Tab. II),  the temperature 
coefficients of the relative permittivity, denoted a l l ,  viz. uI?  = ( 1 / ~ ~ 2 ) .  

[ d e l l  / d (  1/7’)], were calculated. The composition range of binary 
liquid mixtures within which xl? attains its highest value, should be 
interpreted (as shown in Raetzsch et d ’ s  thermodynamic consider- 
ation [lo]) as a region characterized by maximal intermolecular inter- 
actions between two different components of the given liquid mixture. 
Conclusions drawn from the analysis of changes in Ah and al l  are fully 
consistent [l,S,9]. Changes in c ( I ?  vs. composition of liquid DMSO- 
PrOH mixtures are shown in Figure 2. 
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TABLE I 1  Dielectric perrnittivilies for binary liquid mixtures. DMSO-PrOli, 
measured at 293. I5 K. 298.15 K ,  303. I5 K and 308.15 K 

rnol.%of I:  ’ 1 , :  (‘I? 

PrOH [cP] [ g . m  ‘1 
293.15 K 298.15 K 303.15 K 298. I5 K 298. 15 K 

0.00 
5.04 

10.23 
15.11 
2 1.04 
30.52 
37.53 
45.75 
50.04 
56.25 
65.51 
73.94 

88.76 
96.52 

100.00 

81.49 

46.61 
46.24 
45.68 
45.08 
44.34 
43.09 
42.03 
40.67 
39.8 I 
38.39 
35.29 
3 1.42 
27.8 I 
24.72 
21.95 
20.74 

45.91 
45.41 
44.89 
44.28 
43.48 
42.10 
4 I .06 
39.71 
38.95 
37.28 
34.06 
30.02 
26.77 
24.04 
21.32 
20. I 3  

45. I6 2.0100 
44.64 1.8203 
43.98 1.7729 
43.38 1.739 I 
42.52 1.6932 
41.13 1.6110 
40.09 1.5525 
38.70 1.5042 
37.9 I 1.4836 
36.20 1.462 I 
32.87 1.4490 
29.1 I I ,458 I 
25.83 1.5253 
23.0 I 1.5874 
20.32 1.6465 
19.35 2.0040 

1.0958 
1.0803 
1.0656 
1.0535 
1.0348 
1 .o I74 
0.9985 
0.9736 
0.96 I5 
0.9427 
0.9 I54 
0.8764 
0.865 I 

0.8141 
0.7995 

0.841 I 

The maximum of alz is found at ca. 75 mol.% of PrOH. This 
confirms the conclusion from ‘H-NMR spectral data concerning the 
formation of a “complex” of DMSO. 3PrOH. Further interesting re- 
sults can be obtained by detailed analysis of the function r12 = f  
(mol.%l of PrOH). This indicates that increase addition of DMSO to 
PrOH up to ca. 10 mol.% of DMSO, where a minimum is reached, 
causes a rapid drop in 1x11. Further addition of DMSO to the mixtures 
causes an increase in xI?, which results in a maximum at ca. 75 mol.% 
of PrOH. Therefore, it is possible to assume that the internal structure 
of PrOH is disrupted by the addition of small amounts of DMSO (up 
to 10 mol. YO of DMSO), whereas further addition of DMSO, up to 
ca. 75 mol.% of PrOH, stabilizes the internal structure of the mixed 
solvent increasingly by hydrogen bonding between the component 
molecules. The same analysis made for the dimethyl sulfoxide-rich 
composition region shows a continuous increase in a12 down to ca. 7 5  
mol.% of PrOH. Therefore, i t  seems that molecules of PrOH, within 
the composition range 0-75 mol.% of PrOH, act as “structure- 
makers” with respect to molecules of DMSO in the neat solvent. 

Additional information about intermolecular interactions in liquid 
binary mixtures is provided by the analysis of deviations from “ideal- 
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10 i 

mol YO of PrOH 
FlGURE 2 
position for the liquid DMSO-PrOH mixtures, at 298.15 K .  

Changes in the temperature of relative permittivity as a function of com- 

ity” of basic physicochemical properties of these mixtures, i.e. density 
(d12), viscosity (q12), relative permittivity (CU) and molar volumes ( VU). 
A thorough review of the literature justifies the correctness of using 
these parameters in the analysis of intermolecular interactions [S]. 
In this study, using experimental values of relative permittivity, vis- 
cosity and density a t  298.15 K (see Tab. II), the deviations from 
“ideality” of the functions involved have been calculated from the 
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FIGURE 3 The course of changes of deviations from “ideality” of physicochetnical 
properties of DMSO-PrOH mixtures a s  a function of composition for the liquid 
DMSO-PrOH mixtures, at 298.15 K .  

tollowing equations: 
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Values calculated from the above equations over a range of DMSO- 
PrOH mixtures are shown in Figure 3. 

Deviations from “ideality” in densities, viscosities and molar vol- 
umes attain their highest values at ca. 66 mol.% PrOH.  Thus, this 
particular composition would correspond to  the most viscous and 
dense system. This erect can be accounted for by the increase in the 
number of hydrogen bonds formed between P r O H  and D M S O  mol- 
ecules [ I  l ,  121, which leads to the formation of stable intermolecular 
“complexes” of the type DMSO ‘2PrOH.  The changes in deviations 
from “ideality” of relative permittivity attain their extreme values at  
ca. 50 mol.% of PrOH,  which most likely points to the formation of 
D M S O .  P r O H  “complexes” in liquid mixtures of P r O H  and DMSO.  

I t  can be concluded from the given in the present work results and 
comparison of them with analogous data for the mixture of DMSO- 
methanol (see Ref. 1) that the increase of the length of the aliphatic 
chain in the alcohol molecule has an important influence on its inter- 
molecular interactions. Results given in the work of Lindberg [ 5 ]  
based on the comparison of changes heats of mixing drawn as the 
function of composition for binary systems containing D M S O  and 
methanol, ethanol or  1 -propano1 fully confirm our conclusions. 
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