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Abstract: Densities and viscosities of binary mixtures consisting of tetrahyd-
rofuran (THF), 1,3-dioxolane (1,3-DO) and 1,4-dioxane (1,4-DO) with N,N-
-dimethylformamide (DMF) over the entire range of composition were mea-
sured at the temperatures 298.15, 308.15 and 318.15 K and at atmospheric
pressure. The ultrasonic speeds of sound of these binary mixtures were mea-
sured at ambient temperature and atmospheric pressure (T = 298.15K and p =
= 1.01x10° Pa). The various experimental data were utilized to derive the
excess molar volumes (V,F), excess viscosities (4F) and excess isentropic
compressibilities (xF). Using the excess molar volumes (V,£), the excess par-
tia molar volumes (V;E; and VE,) and excess partial molar volumes at
infinite dilution (VOEand V28) of each liquid component in the mixtures
were derived and are discussed. The excess molar volumes (V,E) as afunction
of composition at ambient temperature and atmospheric pressure were used to
test further the applicability of the Prigogine—Flory—Patterson (PFP) theory to
the experimental binaries. The excess properties were found to be either nega-
tive or positive depending on the nature of molecular interactions and structural
effects of the liquid mixtures.

Keywords: N,N-dimethylformamide; cyclic ethers; excess molar volumes;
excess viscosities, excess isentropic compressibilities; Prigogine—Flory—
—Patterson theory.

INTRODUCTION
The volumetric, viscometric and acoustic properties of mixed solvent sys-
tems and their dependence on composition find applications in many important

chemical, industrial and biological processes. The study of functions, such as
excess molar volume and excess viscosity, etc., of binary mixtures are useful for
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1444 SINHA et al.

the understanding of the nature and strength of molecular interactions between
the component molecules.12 This is primarily because of the close connection
between the liquid state3 and macroscopic properties. Excess molar volumes

&) and excess viscosities (5E), etc. are often used to describe the intermole-
cular forces in mixtures, leading to an understanding of their behavior and
enabling the development of theoretical models for their description and the
simulation of processes. Hence, in recent years, there has been renewed interest
in theoretical and experimental investigations of the excess thermodynamic pro-
perties of binary mixtures.4-6.8-14

DMF is a polar, non-associative aprotic solvent with a dipole moment, x, of
3.86 Debyel and diglectric constant, ¢, of 36.7115.16 at 298.15 K. Inthe liquid state,
it is self-associated due to dipole—dipole interactions;1’ while THF, 1,3-DO and
1,4-DO are non-polar, aprotic cyclic ethers differing in the number and position
of the oxygen atom and carbon atoms; thus, these liquids differ in quadrupolar
and dipolar order.” It iswell known that DMF, THF, 1,3-DO and 1,4-DO are ver-
satile solvents used in the separation of saturated and unsaturated hydrocarbons
and in pharmaceutical synthesis and serve as solvents for many polymers. There-
fore, the increasing employment of the liquids under investigation in many
industries has gresatly stimulated the need for extensive information on the acous-
tic, transport and thermodynamic properties of these liquids and their mixtures.

Therefore, in continuation of systematic studies8-14 of the physicochemical
properties of non-aqueous liquid mixtures, the present study attempts to unravel
the nature of the molecular interactions in the binary mixtures of DMF with the
cyclic ethers THF, 1,3-DO and 1,4-DO by measuring the densities, viscosities
and ultrasonic speeds of sound of the mixtures over the entire composition range
at different temperatures and at ambient pressure.

The calculated excess functions, such as excess molar volumes (V&), excess
viscosities (4E) and excess isentropic compressibilities (x{5) from the experi-
mental data, were interpreted in terms of molecular interactions and structural
effects. The partlal molar volumes (V, YAY 1 and VO ») and excess partial molar vo-
lumes (V V0 E) of each component a mflnlte dilution were aso derived
using the excess molar volumes (Vik) and interpreted in terms of the molecular
interactions and the nature of the liquid mixtures. To the best of our knowledge,
no comparable literature data for the systems studied in this work are available
and treated in terms of the PFP theory; hence, a quantitative estimation of diffe-
rent contributions to the excess molar volumes (V/§) of the experimental binary
systems at ambient temperature and pressure was attempted in terms of the PFP
theory. Moreover, ultrasonic speeds of sound in all the binary mixtures were
theoretically predicted based on some theories and empirical relations, such as
the collision factor theory, the Nomoto relation, the impedance dependence rela-
tion and the ideal mixture relation, and the Flory theory.
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EXPERIMENTAL
Materials

DMF (S. D. Fine Chemicals, India, AR, purity > 99 %) was purified by the method
described by Y. Zhao et al.18 1, 4-DO and THF (Merck, India, purity > 99 %) were purified as
described earlier.1® 1,3-DO (S. D. Fine Chemicals, India, AR, purity > 99 %) was refluxed
with PbO, and fractionally distilled after the addition of xylene.16 After purification, all the
purified chemicals were found to be better than 99.5 % pure as ascertained by GLC and aso
by comparing their experimental densities and viscosities at the experimental temperatures
with their literature values?®-31 (given in Table ).

TABLE |. Physical properties of pureliquids at 298.15, 308.15 and 318.15 K

o px103/ kg mr3 n ImPas u/mst
Pureliquid  T/K  —g 5 Lit. Exp. Lit, Exp. Lit.
DMF 298.15 0.9442 0.944218 0.803 0.80220 1464.8  1465.00

0.944519 0.803% 1462.0%0
308.15 0.9350 0.934420 0.709 0.706%2 — -
0.93474
31815 0.9258 0.925120 0.617 0.633% - -
0.925221
THF 298.15  0.8807 0.880722 0463 0.4630% 1277.8 1292224
1277.8%

308.15 0.8712 0.8712%2 0428  0.4277% - -
31815 0.8614 0.8614% 0.390  0.3902%* - -
1,3-DO 298.15 1.0571 1.0577%2 0588 0.5878%* 13382  1338.2%

1.057224 0.58826 1340.227
308.15 1.0459  1.0463%2 0513 0.5128% - -
1.0462%6

318.15 1.0334 1.03364%° 0458 0.4580%* - -
1,4-DO 298.15  1.0265 1.0278% 1.196 1.196%° 13434  1344.4%

1.028228 1.178%0 1344.827
1.1779%

308.15 1.0166  1.0168%2  1.013 0.9985% - -
0.99930

318.15 1.0052 1.00526%°  0.887 0.9013! — —

Methods

The binary mixtures were prepared by massin adry box and each thus prepared solution
was distributed into three recipients (in airtight bottles) to perform all the measurements in
triplicate with the aim of determining possible dispersions in the obtained results. The mass
measurements, made on a digital electronic analytical balance (Mettler, AG 285, Switzerland),
accurate to £0.01 mg. The reproducibility in mole fraction was within £0.0002. The densities
were measured with a vibrating-tube density meter (Anton Paar, DMA 4500M), maintained at
+0.01 K of the desired temperatures and calibrated at the experimental temperatures with
doubly distilled water and dry air. The uncertainty in the density was estimated to be £0.0001
g cm3 and that of the temperature was +0.01 K. The viscosity was measured by means of a
suspended Ubbelohde type viscometer, thoroughly cleaned, dried and calibrated at the
experimental temperatures with triply distilled water and purified methanol 153233 |t was
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filled with experimental liquid and placed vertically in a glass sided thermostatted maintained
constant to +0.01 K. After attainment of thermal equilibrium, the efflux times of flow of the
liquids were recorded with a digital stopwatch correct to £0.01 s. In all determinations, an
average of three measurements was taken into account and adequate precautions were taken to
minimize evaporation loses during the actual measurements. The uncertainty in viscosity
measurements was within £0.003 mPa s. The ultrasonic speeds of sound (u) were measured
with an accuracy of 0.3 % using asingle crystal variable-path ultrasonic interferometer (Mittal
Enterprise, New Delhi, M-81) working at 2 MHz. It was calibrated with doubly distilled
water, purified methanol and benzene at 298.15 K. During the measurements, the temperature
was maintained within +0.01 K of 298.15 K by circulating thermostatted water around the
jacketed cell (of 2 MHZz) containing the experimental solutions with the aid of a circulating
pump. The uncertainty of the ultrasonic speed measurements was around 0.2 m s1. Adequate
precautions were taken to minimize evaporation loses during all the measurements. The
details of the methods and measurement techniques had been described el sewhere.14:34.35

RESULTS AND DISCUSSION

The experimental densities (p), viscosities (;7), excess molar volumes (Vi)
and excess viscosities (4E) for the binary mixtures studied at different tempe-
ratures are listed in Table S| of the Supplementary material. The excess molar
volumes (V) were calculated using the following equation:

2
ViE =D XM/ p-1/ p;) D)
i=1

where p is the density of the mixture and x;, M; and p; are the mole fraction,
molar mass and density of the ith component in the mixture, respectively. The
estimated uncertainty in the excess molar volumes, V&, was +0.005 cm3 mol-L.
Excess molar volumes (V,§) of the binary mixtures as a function of mole fraction
(x;) of DMF at the experimental temperatures are shown graphically in Fig 1. The
excess molar volumes (Vik) for al the binary systems, except for the DMF + 1,4-
-DO system at 298.15 and 308.15 K, were negative over the entire range of com-
positions at al the experimental temperatures. The values of excess molar
volumes (V/f) for the three systems were observed to follow the order: DMF +
1,4-DO > DMF + 1,3-DO > DMF + THF. According to Treszczanowicz et al.36
Vi is a function of several opposing effects generally categorized into three
types viz., physical, chemical, and structural. While physical effects offer a posi-
tive contribution to Vn'qf, the chemical or specific intermolecular interactions
(such as hydrogen bond interaction, dipole—dipole/dipole-induced—dipole inter-
action, formation of charge transfer complexes, etc.) result in a net volume
decrease, and thus offer negative contributions to V& . The structural effects such
as interstitial accommodation (due to differences in size and shape of the com-
ponents) and changes in the free volume also offer negative contributions to V/§ .
Therefore, the actual volume change would depend on the relative strength of
these effects.
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The molar volumes of DMF are 77.42, 78.18 and 78.96 cm3 mol—1, and
those of THF, 1,3-DO and 1,4-DO are 81.87, 82.77 and 83.71 cm3 mol—1; (70.07,
70.83 and 71.68) cm3 mol—2; and 85.83, 86.67, and 87.65 cm3 mol-1 at 298.15,
308.15 and 318.15 K, respectively. Evidently, the molar volumes of the compo-
nents in the studied mixtures differ appreciably and, depending on the differences
in the molar volumes of the components, it is to be expected that the mutual or
geometrical fitting of the component liquids may follow the order: DMF + 1,4-
-DO > DMF + 1,3-DO > DMF + THF; but areversed trend in the V& values was
observed for the studied binary mixtures. A perusal of Fig. 1 shows that the V/;
values increase in the order: DMF + THF < DMF + 1,3-DO < DMF + 1,4-DO. It
is satisfying to observe that the values of the dielectric constant of the cyclic
ethers follow the reverse order: THF (e = 7.5837) > 1,3-DO (¢ = 7.1338) > 1,4-DO
(e = 2.2137). This indicates that a cyclic ether with a larger value of dielectric
constant than another has greater specific interactions with DMF and that the
negative V| values for al the studied systems can primarily be attributed to
dipole—dipole or dipole-induced—dipol e interactions between the component liquids
in the mixtures. Moreover, the ik values decrease with increasing temperatures
of the mixtures, indicating an increase in intermolecular interactions between the
component molecules with increasing temperature, which is probably due the
greater thermal agitation that ultimately increases the mutual fitting of the mixing
components to some extent at higher temperatures.

The partial molar volumes, \7m’i of the ith component in the binaries over the
entire composition range at the experimental temperatures were calculated using
the relation:

Vi =Vi&i +Vmi + A= %)(@V,5; /)T p @)
where Vi is the molar volume of the ith component in the binaries. The deri-
vatives, (dvrﬁ,i /d>q )T,p » Used in Eq. (2) were obtained by following the proce-
durel2 of fitting the excess molar volumes (V/§) of the binary mixtures to the

Redlich—Kister polynomial, 39 with standard deviations (SD) in the range 0.000—
—0.002. Redlich—Kister polynomial is expressed as follows:

2
VE =xx0) & (1-2x)! (©)
i=1
where x1 and xp are the mole fractions of the liquid 1 and 2, respectively, and g

represent the multiple-regression coefficients. The standard deviations (SD) were
calculated using the relation:

V2
n
D =| 3 (Vimcac ~Vimexpt)?/ (0= 1) (4)
=l
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Fig. 1. Excess molar volume
(VE) vs. mole fraction of
DMF (x;) for binary mix-
tures of DMF + cyclic
ethers: A, a T = 298.15 K;
B, a T=230815K; C, a
T = 318.15 K. The graphical
points represent the excess
molar volumes (VE): o,
THF; o, 1,3-DO; A, 1,4-DO.
Lines represent the VE
values obtained from the
Redlich—Kister polynomial.
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where n is the number of experimental data points and j is the number of g
coefficients. For the excess molar volumes (Vi) fitted to the Redlich—Kister
polynomial, the standard deviations (SD) were in the range 0.002—0.006. The
values of the partid molar volumes, Vp;alow the calculation of the excess
partial molar volumes (V) by using the following relation:

ViEi =Vini —Vmi (5

The excess partial molar volume at infinite dilution (\7m,i0'E

determined from the following relation:
Vrg:iEz(dVrEi/dXi))q—OT P (6)

The excess partial molar volumes (V0 E and V0 E) at infinite dilution for the
three binaries at the experimental temperatur% are Ilsted in Table Sl of the
Supplementary material.

The excess partial molar volumes (V,E; and VE,) of each component in the
studied binaries are graphically shown in Flg 2as afunctlon of x;. The V, 1and
VE values were found to be negative for al the studied binary systems, except
that containing 1,4-DO over the entire composition range at the experimental
temperatures. Moreover, the excess partial molar volumes at infinite dilution
(V E and VOE) were negative for both components in aII the binary systems
except for that containing 1,4-DO (however, V and VA% m2 E values were nega-
tive at 318.15 K for this system). These results suggest that while the 1,4-DO
system is characterized by volume expansion on mixing with DMF at 298.15 and
308.15 K, the other systems are characterized by volume contraction on mixing
with DMF.

In recent years, Flory's statistical theory40-43 and its modified version
known as the Prigogine—Flory—Patterson theory,44:4° have been successfully used
to estimate and analyze theoretically the excess thermodynamic functions of
binary liquid mixtures; the PFP theory is applicable to both non-polar and polar
molecules present in a binary mixture. The reduced eguation of state in Flory’s
notation?2 is given by:

) can be

= - 7
T W8-1 ¥T ™
%
- g
V=3 (8)
- T
T= 9
= (9)
p=— (10
p
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where are ¥, T and p are the reduced volume, reduced temperature and reduced
pressure, respectively, and V*, T* and p* are the characteristic volume, charac-
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teristic temperature and characteristic pressure, respectively, of each pure liquid
component. In the Flory treatment, the reduced equation of state in the limit of
zero pressure (or without appreciable error at 1 atmospheric pressure®3) takes the
following forms:

T= a3 (11)
[“;‘;;fm
T Tv43
T Wkl 13
p*=yTV2 (14)

where the thermal expansion coefficient (¢) and thermal pressure coefficient (%)
are given by the following relations:

a=V-YdV /dT)p =—p~L(dp/dT), (15)
y=(dP/dV)y = ozl (16)

where xT is the isothermal compressibility, which can be determined using the
relation:

Ta?2V

p

The Flory parameters for each liquid component are given in Table II.
Isobaric enthalpies (Cp) for the different component liquids required for the
calculation of isothermal compressibilities («1) were taken from literature.46:47

Using the well-known Prigogine—Flory—Patterson theory,48:49 a quantitative
estimation of the different contributions to V|5 can be obtained. In terms of three
contributions, the approximate expression for Vi§ is:

KT =Ks+

(17)

\s _ (VY3 —1)02/3y16, o— (W —V2)2[(14/ 9)v~Y3 —Tyay» +
Vi <+xoV3  [(413v-V3 Rt [(4/3)v-Y3_1v
1,2 contribution vcontribution

o (18)
L (a-R)(p1L — P2)yay2
(PLy2 + P2y)

p* contribution

where pi*, V" and y; are characteristic pressure, volume and the molecular con-
tact energy fraction of ith pure component, respectively, and 65 is the molecular
site fraction of the second component in a binary liquid mixture. The molecular

Available online at www.shd.org.rs/JSCS/

Copyright (C)2013 SCS




1452 SINHA et al.

contact energy fraction and the molecular site fractions are defined by the rela-
tions:

o R
pi=l-yy=—20 (19)
oR +pPR
O =1-6, = " (20)
@+ (133
p=1-gp=— M (22)

X1Vf + X2V2*

TABLE II. The Flory parameters for pure liquids at 298.15 K
Liquid Vo Tx102 V'x105/m3moll p*/Pa T /K ox10%/K?1 Kx1010/Pal

DMF 1.2424 5618 62.31 701.85 5307 9.744 6.389
THF 1.2670 5.987 64.62 562.13 4980 10.96 9.329
1,3-DO 1.2720 6.067 55.09 726.60 4921 11.21 7.442
14-DO 1.2553 5.815 68.37 67451 5127 10.38 1.227

Actually, in deriving the interaction parameter (y1 ), the V& values of each
composition (of each system) were fitted to Eq. (18) using Egs. (11)—(17) using a
computer program that finally provided an optimized value of the interaction
parameter (x1,2) with least error and values of different contributions to the Vi&
values embodied in Eq. (18). Table Il contains the optimized y; » values, the
calculated and experimental Vi values, their deviation and values of different
contributions to the V/& values for equimolar (x; ~ 0.5) composition at 298.15 K.
It is clear from Table Il that the calculated values of excess molar volumes
VE m.PEP reasonably agree with the experimental excess molar volumes V/k exp
val ues for all the studied systems. A comparison between the vk exp Values and
the VE mPEP values as a function of mole fraction (x;) of DMF at 298 15K is
deplcted in Fig. S-1 of the Supplementary material.

TABLE llI. The values of the interaction parameter (x12), the calculated and experimental
values of the excess molar volumes (V. F,,:F,and VE ep ), their deviations (AVE) and the
different PFP contributions at 298.15 K

DME(1)+ 12 Vifexp ¥10°  VELx108 AV x105  PFP contributionsx10°
Jm3 mS mol-1 mimol'l  mdmoll ~ in@ fvb ip°
THF (2) —4.588 -0.1531 -0.1427 -0.0104 -0.826 -0.224 -1.362
1,3-DO (2) -15.08 -0.1204 -0.1204 0 -1979 -0.326 0.255
1,4-DO(2) 18.01 0.1353 0.1243 0.0110 2270 -0.063 -0.128

3interaction contribution; Pfree volume contribution; Sinternal pressure contribution

According to the PFP theory, the interaction contribution is proportional to
the interaction parameter y; 2, the free volume contribution arises from the
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dependence of the reduced volume on the reduced temperature due to the
differences between the degree of expansion of the two mixing components
(always negative as dV2 /dT?2 is positive) and the internal pressure contribution
depends on the product of the differences between the reduced volumes and
characteristic pressures of the mixing components. Table 11 shows that the inter-
action contributions are negative for the systems with THF and 1,3-DO but posi-
tive for the system with 1,4-DO; the internal pressure contributions, except for
1,3-DO system, are negative for al the systems. From Table lll, it is evident that
while the interaction contribution (y1,2) plays a dominant role in deciding the
sign and magnitude of the VHEPFP values for the systems containing 1,3-DO and
1,4-DO, the internal pressure contribution (p*) plays a major role in deciding the
nature of Vi§exp for the remaining system with THF.

The excess viscosity (4F) can be defined as the difference between the
measured viscosity () and the ideal viscosity (i;q) of a solution and is expressed
by Eqg. (20):%0

nE =n-1niq (22)

Using the Eyring approach of viscosity as a rate process>l zjq can be
defined by Eq. (23):

2
Mid = exp(D_ % In77iq) (23)
i=1
where 7 is the viscosity of the ith component in the mixture and the additivity
law in a logarithm form is considered for ideal mixtures. The estimated uncer-
tainty for the excess viscosities (#E) was within +0.004 mPas. Plots of the excess
viscosity (#7E) versus the mole fraction (x;) of DMF for the different binary
mixtures at the experimental temperatures are depicted in Fig. 3. The 5#E values
of the binary mixtures were fitted to Redlich—Kister polynomial (shown as curves
in Fig. 3) with standard deviations (SD) lying in the range 0.001-0.002.
Figure 3 shows that the #E values, except for the system with THF at 318.15
K, are negative for all the mixtures over the entire composition range at al the
experimental temperatures. The negative values indicate the presence of disper-
sion forces in these mixtures, while positive values may be attributed to the pre-
sence of specific interactions. As expected, the values of #E become less negative
or increase as the temperature increases but decrease as the dielectric constant of
the ethers decrease from THF to 1,4-DO (Fig. 3). This suggests that the strength
of molecular interactionsin the mixture follows the order: DMF + THF > DMF +
+ 1,3-DO > DMF + 1,4-DO and increase with increasing temperature. Thus, the
functions V/§ and #E compliment each other in describing the behavior of the
studied binary mixtures.
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Fig. 3. Excess viscosities (5F)
vs. mole fraction of DMF
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The Eyring viscosity relation®! yields the following equation for the free
energy of viscous flow (AG"):

7 =(hN/V)exp(AG  / RT) (24)

where h is Planck’s constant, N is Avogadro’s number and the other symbols
have their usual meanings. Rearranging Eq. (24) and putting AG™ = AH" — TAS,
one obtains the relation:

RIN(V /hN) = AH* /T — AS' (25)

Thus, the linear regressions of R In(x#V/hN) against (L/T) could give the
values of enthalpy (AH") and entropy (AS) of activation of viscous flow from
the slope and negative intercept, respectively. The values of AH*, AS" and the
linear regression coefficient (R2) values as given in Table S-11I of the Supple-
mentary material show that while the AH" values are positive, the AS values are
negative for all the studied binary mixtures throughout the entire composition
range. According to Corradini et al.52 the enthalpy of activation of viscous flow
may be regarded as a measure of the degree of cooperation between the species
participating in the viscous flow. In a highly structured liquid, there will be a
considerable degree of order; hence, for cooperative movement of the entities, a
large heat of activation is required for the flow process. Thus the AH* values
indicate that the ease of formation of activated species necessary for viscous flow
follow the order: DMF + THF > DMF + 1,3-DO > DMF + 1,4 DO. This order is
also supported by negative values of AS' for the mixtures.

A combination of the ultrasonic speed (u) and density data enabled the
determination of the isentropic compressihilities (xs) and the excess isentropic
compressibility (& )53 of the binary mixtures using the following equations:

Ks=1/u2p (26)
xE = kg — kM (27
TZZZ(XiVi)ZZ:(ﬂai)Z
Kéd=§ﬂ{xsl+“é“_i2}— == (28)
= > > (%Cp;)
i=1

where ¢, xsj, Vi, aj and Cp, are the volume fraction, isentropic compressibility,
molar volume, thermal expansion coefficient and isobaric enthalpy of the ith pure
component in the binary mixtures, respectively, at 298.15 K. The experimental
values of the speeds of sound, the isentropic compressibilities (xs) and the excess
isentropic compressihilities (Kg)at 298.15 K are given in Table SV of the
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Supplementary material. The estimated uncertainty of the isentropic compres-
sibility (xs) was within +1.0x1010 Parl,

For al the investigated binary mixtures, the excess isentropic compres-
sibilities (K’ISE) were negative, except for that containing 1,4-DO in the 1,4-DO-
rich region, as shown in Table SIV of the Supplementary material. The Kg
values of the binary mixtures were also fitted to the Redlich—Kister polynomial
(shown as curves in Fig. 4) with standard deviations (SD) lying in the range
0.003-0.007.

Figure 4 depicts the composition dependence of the excess isentropic com-
pressibilities K'55 for the investigated binary mixtures at 298.15 K are depicted in
Fig. 4. It shows that the values of excess isentropic compressibility (K‘SE)
decrease in the order: DMF + 1,4-DO > DMF + 1,3-DO > DMF + THF, thereby
supporting the observations obtained from the V/§ and #E values.

x"x10"/Pa’

S

0.0 0.2 0.4 0.6 0.8 1.0

Fig. 4. The excess isentropic compressibility (x5 ) vs. mole fraction of DMF (xy) for binary
mixtures of DMF with cyclic ethersat T = 298.15 K. The graphical points represent
experimental x§ values: o, THF; o, 1,3-DO; A, 1,4-DO and lines represent x5 values
obtained from the Redlich—Kister polynomial.

Ultrasonic speeds of sound of all the three binary mixtures were theoretically
predicted using the following theories and empirical relations:

The Flory theory#0 yields:
1040
UFLO = ( J (29)

6.3p

where ¢ is the surface tension of a liquid or liquid mixture calculated following
the Pandey approach® through an extension of the work of Patterson and Ras-
togi.>>
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The collision factor theory (CFT)% yields:

2 2
2. (6S)D(%B)
UCFT = Ueo i=1 v i.=1 (30)

where u,, = 1600 m s1, § and B; represent the collision factor and actual volume
of amolecule per mole for the ith pure component in the mixtures, respectively.
The Nomoto relation (NOM)®7 yields:

5 3
2 (%R)
UNoM =| S—— (31)

2
D (%)
i=1

where R, stands for the molar speed of sound for the ith pure component in the
mixtures.
The impedance dependence relation (IDR)8 yields:

2
2 (%Z)
UpR =5—— (32)

> (o)
i

where Z;j stands for specific acoustic impedance for the ith pure component in the
mixtures.
The ideal mixture relation (IMR)° yields:

2 2 2
umr =| 25 (6Mi) Y (% /Miu?) (33)

i=1 i=1
where uj is the ultrasonic speed of sound for the ith pure component in the mix-
tures. It was observed that the values obtained from all the theories and empirical
relations show some deviations from the experimental speeds of sound and based
on the MRSD % values, listed in Table SV and shown graphically in Fig S-2 of
the supplementary material, the relative predictive capability for the different
equations follows the orders: for the DMF + THF system: FLORY > IDR > CFT
> NOM >> IMR; for the DMF + 1,3-DO system: CFT ~ NOM > IDR > IMR >>
>> FLORY and for the DMF + 1,3-DO system: CFT > IDR > NOM = IMR >>
>> FLORY.
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CONCLUSIONS

Based on the nature and magnitude of various excess functl ons (Vk,
7" and «§) and other derived parameters (V5,, ViE,, VOT, V25, etc),
evidently the molecular interactions in the stud|ed blnary systems can
primarily be attributed to dipole-dipole or dipole-induced—dipole inter-
actions. The PFP theory provided satisfactory quantitative estimations of
the different contributions to the excess molar volumes (Vi) of the

systems at ambient temperature and pressure.

SUPPLEMENTARY MATERIAL

Comparisons of the experimenta results with literature data, and some derived para-
meters (Tables S, S, S, SV and SV, and Figs. S-'1 and S-2) are available elec-
tronically from http://www.shd.org.rs/JJSCS or from the corresponding author on request.
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n3BO[J

TEPMO®HU3UYKA CBOJCTBA BUHAPHUX CMEIIA N,N-JUMETUJII®OPMAMHJIA CA
TPU IUKIIMYHA ETPA

BISWAJIT SINHA', RAJENDRA PRADHAN?, SANJOY SAHA®, DHIRAJ BRAHMAN' u ABHIJIT SARKAR'

! Department of Chemistry, University of North Bengal, Darjeeling-734013, India, 2st. Joseph’s College,
Darjeeling-734101, India n 3 Department of Chemistry, Kalimpong College, Kalimpong-734301, India

['ycTiHEe ¥ BUCKO3HOCTH OMHApHUX cucTema teTpaxuppodypana (THF), 1,3-muokconana
(1,3-DO) u 1,4-muoxcana (1,4-DO) ca N,N-gumetundopmamunom (DMF) usmepene cy Ha
Temrneparypama on 298,15, 308,15 u 318,15 K u aTMocdepckom MPUTUCKY Y LIEJIOM OICETY
yznena KOMIIOHEHTU. M3MepeHa je u Op3uHa 3Byka Kpo3 OBe cUCTeMe Ha CODHOj TeMmepaTypu
u aTmocdepckom nputHcky (7 = 298,15 K m p = 1,01x10°> Pa). Ha Sa3m u3mepeHMX
BPEJHOCTH M3padyyHarTa je JOMyHCKa MOoJlapHa 3anpeMHHa (VE), monyncka suckosnocrt (7E) u
[OMyHCKa H3EHTPOIICKA KOMIPECHBIIHOCT ( 4§ ). KopuirherweM JOMYHCKHX MOAPHKX 3arpe-
MMHA, U3payyHaTe Cy W aHalu3uUpaHe AOIyHCKe NapL{jajJiHe MOJapHE 3alpeMHUHE (VWE
Vn'iz) U OB€ IPU OECKOHAYHOM pasdnaxemy (Vrgfn Vn({’ZE) CBUX TEYHHX KOMIIOHEHATa y
cmemd. 3aBucHoctT VIE op cacrasa cmeme Ha armMocdepckum ycnoBuma kopumrheHa je 3a
nposepy npumeHspuBocTH Prigogine—Flory—Patterson (PFP) Tteopuje. YTBpheHo je ma cy
BPEIHOCTH JOIyHCKUX BEIMYMHA WIM HETaTHBHE WM MO3UTHBHE Y 3aBUCHOCTH Of IIPHPOAE
MOJIEKYJICKUX MHTEPaKLMja U CTPYKType KOMIIOHEHATa y TEYHUM CMeEIIama.

(TTpumisero 10. nenembpa 2012, peBuaupano 7. mapra 2013)
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