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Ultrasonic Speeds and Isentropic Compressibility for
Binary Mixtares of DMSO with Alkanols

R. K. DEwAN* AND S. K. MEHTA

Department of Chemistry, Panjab University
Chandigarh-160 014, India

Measurement of ultrasonic speed have been carried out on binary
mixtures of DMSO with n-alkanol (Cs, C7, Cs, Ci0) at 313.15 K over
the entire mole fraction range. Ultrasonic velocity values have been
used to calculate the values of isentropic compressibility Ks, Rao’s
constant W, intermolecular free length Ly, Van der Waals’ constant b,
solvation number S, and excess free volume V¢E. A qualitative discus-
sion of the results is presented.

INTRODUCTION

In continuation of our earlier work on ultrasonics!2, we report in the
present paper the measured ultrasonic velocity u values for the binary
mixtures of DMSO with alkanols (C4, C;, Cg, Cyo) over the whole mole
fraction range at 313.15 K. The u values have been used to calculate
excess isentropic compressibility Kf, Rao’s constant? R, specific acoustic
impedance Z, Wada’s constant* W, intermolecular free length L, Van der
Waals constant’ b, solvation number S, and free volume® V;.

The experimental ultrasonic velocity values have also been compared
with theoretical values calculated, at different concentrations, using the
concept of Flory’s”-# theory, Jacobson’s free length? theory, Schaaffs!?
collision factor theory, Junjie’s!! empirical relation and Nomoto’s!?
equation,

EXPERIMENTAL

Ultrasonic velocities were measured using a single crystal interfero-
meter at a frequency of 2 MHz, The details of experimental procedure
have been described elsewhere!.

The densities of binary mixtures required for the computation of
various parameters have been calculated from excess volumes VE data
reported earlier!.

The alkanols and quinoline used in the present work are the same as
in earlier studies!. All the chemicals were dried over freshly activated
molecular sieves (IDPL Tpye 4A) before use.

THEORETICAL

Isentropic compressibility K, free volume Vi, specific acoustic impe-
dance Z, solvation number S, relative association R4, molecular associa-
tion M,, Rao’s constant R, Wada’s constant W, intermolecular free
length Ly and Van der Waals® constant b of a binary mixture are calculated
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from measured ultrasonic velocity u and density p by using the follow-
ing relations

K, = 1/u% (1
Ve = V(ug/u)® ()
Z=up (3)
Sy = (ng/m){1 — (K¢/Ks, 1)} 4)
Ry = (Le/Li)? (5
My = {(WY/u) — 1} (©)
R = MulP/p )
W = MK;""/p ®)
L; = K(K,)'2 ©9)
b= (M/p) — RT/pu?[{l + (Mu?/3RT)}2 — 1] (10)

where u, and u;, are the ultrasonic velocity in the vapour phase and of
ideal mixture, n;, n, are the number of moles of the respective compo-
nents, L¢ the free length of the ideal mixing and M is the average mole-
cular weight. K is a temperature dependent constant.

The deviations from linear dependence of isentropic compressibility
on mole fraction are obtained from the relations

KE =K, —K¥ (1)
where K¢ is defined as
K = (ZiyiKs, J{EXi(Cp, i/7)/ Zx:Cpi}

where A = [1 4+ (TViei/Ks,iCp,1)] and Cy,i, ap; are the isobaric molar
heat capacity and thermal expansibility for the pure component i. On
substituting value of y; in eq. (12)
K = 2$i(Ksi + TVia,i/Cyp, 1) — [T(ExV)(Zbity, )*(ZxiCp, )] (13)
The volume fraction ¢ is defined as
¢i = XiVi/Z'XiVi (14)
For comparison, the theoretical values of ultrasonic velocities u are
computed using three theories and two empirical equations
Flory’s theory ; U= (0/6.3-10~%p)%3
Collision factor theory : u = u,(x1S2 + x25:){(x1B; + x,B)/V)}
Free length theory :u=K/(Lg-p'/?)
Junjie’s equation du={(xMi/p1) + (x2M2/p2)}/[(x;M; + x2M7)!/2
{xiMi/plu?) + (x:M2/p3u?)}?]
Nomoto equation s u = {(x;R; + x:Rp)/(x1V1 + xV)}?
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Reference should be made to our earlier paper? for details of the deriva-
tions and symbols.

RESULT AND DISCUSSION

Ultrasonic velocity u and related parameters viz. K, Z, W, R, L, b,
V¢, Va, RA, MA and Sn for pure components and all the mixtures contain-
ing DMSO are presented in Tables 1 and 2 as a function of x. The calcu-
lated parameters (Ks, Sn, L¢, Z, b, R, W) vs x curves for DMSO(x) +
n-alkanols (I — x) mixtures are shown in Fig. 1.
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Fig. 1. Insentropic compressibility K,, intermolecular free length Ly, specific acoustic
impedance Z, Rao’s constant R, Wada’s constant W and solvation number S, for O,
{x(CH):S0O + (1 — x)CsHisOH}; A, {x(CH»):SO + (1 — x)C;HisOH}; @, {x(CH,):SO
+ (1 — x)CsH1OH}; [0, {X(CH3)2SO + (1 — x)C1,H21OH}.
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TABLE 3

REDUCTION AND CHARACTERISTIC PARAMETERS OF THE PURE
COMPONENTS 313.15 K

Component %821?)-4 (Tlgifl) v (cm’Xnol-‘) (cms.\:x:ol-') (% (Jfr:l")
n-Hexanol  9.203  921.19  1.2408  127.09 102.42 5599 481.67
n-Heptanol 8905  892.04 12343  143.72 116.44 5704 476.25
n-Octanol 9.245 86871  1.2417  160.54 129.29 5584 513.85
n-Decanol 8.578  807.11  1.2270  193.98 158.09 5828 501.10
DMSO 9.254 55914  1.2419 7230 58.22 5581 799.38

aCalculated using literature densities.
bCalculated using ultrasonic velocity values.

TABLE 4

COMPARISON OF PERCENTAGE ERRORS FOR THE
ULTRASONIC VELOCITY OF BINARY MIXTURES

Error (%)
Mixture Ur UcrT UpLt uy Uy
ms-! ms—! ms-! ms-! ms-!
DMSO

+ n-hexanol 8.49 2.60 9.02 0.67 1.34
+n-heptanol 8.21 2,37 8.87 0.57 1.08
+n-octanol 7.68 2.94 6.06 0.17 1.57
+-n-decanol 8.69 3.20 11.64 0.60 1.82

Error = [Z{100(uexp — Uca1)/Uexp}?/N]'/?%, where N is the number
of data points.

As reported earlier!3, VE values are positive for all the mixtures of
DMSO with alkanols and decrease in the order n-decanol > n-octanol >
n-heptanol > n-hexanol. The KE values for DMSO + n-decanol, and
+ n-octanol are positive over the whole range of composition but become
negative as n-heptanol or n-hexanol is substituted for these alkanols. It
may, therefore, be inferred that the trend followed by VE and KE is the
same.

The values of u and Z increase with increasing x of DMSO for all the
four systems (Table 2) while K, L¢ and S, behave in the reverse order.
The data do not exhibit any sudden variation in u and K; (Fig. 1),

Asian J. Chem,
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thereby implying the absence of complex formation, which is again sup-
ported by linear variation of R, W, and b parameters.
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Fig. 2. Experimental and calculated ultrasonic velocities u(000), ug( ),
UpLt(— -« - =+ + =), Uepr(- - -), Uy(==), nn(-—--) for (q), {X(CH3)2SO + (1—x)CsH1sOH};
(r), {x(CH3):SO+(1—x)C7Hi1sOH}: (s), {x(CH3):SO+(1—x)CsH1:OH}; (t), {x(CH3):SO
+(1—x)C1oH21OH},

The increasing trend of the relative association RA with increase in x
of DMSO signifies that the AB interactions in these mixtures may be
strongly associative. Further, the maximum and minimum deviation in
MA are observed in the case of DMSO - n-hexanol and DMSO + #n-
decanol respectively. It may, therefore, be concluded that DMSO forms
the most non-ideal mixture with hexanol and that the nonideality of the
mixtures formed decreases as the chain length of the alkanol added
increases. The values of VE, like VE, are positive for all the mixtures.

Ultrasonic velocities for all the binary mixtures have been calculated
theoretically at different concentrations using Flory’s theory, Schaaffs
Collision factor theory (CFT) and Jacobson’s Free length theory (FLT).
The average percentage error of computed up, upLr and ucer values in
comparison to experimental values for all the mixtures are summarized
in Table 4. The two empirical equations as proposed by Junjie and

Vol. 4, No. 1 (1992)
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Nomoto have also been used to compute the ultrasonic velocities of all
the binary mixtures. The average percentage errors obtained for these
cases have also been included in Table 4.

A close scrutiny of the results indicates that the collision factor theory

does succeed in computing the ultrasonic velocity values for all the
mixtures studied in the present investigation whereas the error range in
the case of Flory’s theory and Free length theory is quite large. Both
Junjie and Nomoto’s expressions fit the experimental data reasonably
well.

P N A w A LN =

10.

11.
12.
13.
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