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ABSTRACT

Ultrasonic velocity (U) of binary mixtures of an organophosphoric compound (DEHPA) with Cyclohexane and

Dioxane including those of pure liquids were measured over entire composition range of DEHPA at 303.15K and

0.1MPa. The theoretical values of ultrasonic velocity have been calculated using various empirical relations and

models, viz. Impedance dependence relation, Nomoto’s relation, Danusso model, Junjie’s relation and Van Dael-

Vangeel’s ideal mixing relation. The computed values of ultrasonic velocity are compared with the corresponding

experimental data by applying Chi-Square test and average percentage error (APE) to assess the validity of all the

above theories.
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I. INTRODUCTION

Acoustic properties of binary organic liquid mixtures
have been investigated by a number of workers [1-4]
over the past several decades. Such studies have great
relevance in many areas of applied and theoretical
research works. In many industrial applications liquid
mixtures are used

in processing and product

formulations. It also provide a better knowledge in
understanding molecular interaction between unlike
molecules and strucural behavior of molecules.

The organophosphorous compound Di - (2-ethylhexyl)
phosphoric acid (DEHPA) is widely used as an exractant
for the extraction of actinides, lanthanides and rare earth
metals [5-7]. In continuation of our earlier work [8-10],
we propose to extend our investigation to cyclohexane
and dioxane if it could be used as better diluent with

DEHPA for extraction process. DEHPA is a polar liquid

whereas both cyclhexane and dioxane are apolar liquids
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with cyclic structures. The ultrasonic velocity in binary
mixtures of DEHPA with cyclohexane and dioxane were
measured at 303.15K over the entire composition range
of DEHPA. The experimental velocities have been
compared with theoretically computed velocities by
using various theoretical relations [11-15], iz
Impedance dependence relation, Nomoto’s relation,
Danusso model, Junjie’s relation and Van Dael-
Vangeel’s ideal mixing relation. The relative merits of
these relations have been discussed in terms of Chi-
Square test and average percentage error (APE).

II. METHODS AND MATERIAL

All Chemicals, used in this investigation, viz. DEHPA
(CisH3504P), (CeH12)
(C4H50,), are of AR grade. All samples were prepared

Cyclohexane and Dioxane

by weighing liquids in specially designed glass
stoppered airtight bottles, taking extreme precautions to

avoid evaporation and atmospheric moisture. The mass
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measurements were performed by using single pan
digital balance (Mettler Toledo, AB54-S, Switzerland)
with an accuracy of £0.0001g. The probable error in

mole fraction of DEHPA (x,) was estimated to be less

than + 2 x 10™. The ultrasonic velocity in pure liquids
and binary mixtures were measured by using a single-
crystal variable path multi-frequency (v) ultrasonic
interferometer (F-81, Mittal Enterprises, New Delhi)
operating at 2 MHz with an accuracy of £ 0.5 ms™.
Ultrasonic velocity (U) is the product of wavelength (1)
and frequency (v). The procedure followed to measure
the ultrasonic velocity (U) is same as explained in our
earlier work [8, 9]. The reliability of experimental
measurements of ultrasonic data was authenticated by
comparing the data available in literature [16]. The
temperature of all samples was maintained at 303.15K to
an accuracy of = 0.1K by an electronically controlled
water

thermostatic bath during measurement of

ultrasonic velocity.

ITII.RESULTS AND DISCUSSION

The experimental values of ultrasonic velocity (U) over
entire molefraction range of DEHPA (x,) of two

systems at 303.15K are presented in Table 1.

Table 1
Experimentally measured values of ultrasonic Velocity
(U) at 303.15K

DEHPA + DEHPA + dioxane
cyclohexane
X, U (ms™) X, U (ms™”)

0.00 1252 0.00 1345
0.07 1254 0.06 1321
0.14 1256 0.12 1311
0.21 1258 0.23 1305
0.29 1260 0.31 1303
0.37 1263 0.39 1301
0.42 1265 0.46 1300
0.51 1267 0.51 1299
0.59 1270 0.57 1298
0.69 1275 0.61 1297
0.74 1277 0.69 1296
0.81 1281 0.78 1295
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0.87 1284 0.85 1294
0.93 1288 0.93 1293
1.00 1293 1.00 1293

These experimental data have been correlated with
computed  ultrasonic velocities by using different
theoretical models such as Impedance dependence
relation, Nomoto’s relation, Danusso model, Junjie’s
relation and Van Dael-Vangeel’s ideal mixing relation
[11-15]. Using the above said theoretical models, values
of ultrasonic velocity such as Ujpg, Uy, Up, U; and Upyr

respectively were estimated by using the following

relations as given in Equ. 1-5 :

Uipr = inzi /zxipi (D
Uy= (inRi/inVmi )3 (2)
U, = Wollym, )Y o, /o202 | @)

U, =30, ) M, ) D v o] @
YU =M, O (x, /M,U?2)) 5)

1/3
where x, , U; , pi, Z;y, R, =V, U, , V,; and M, are

molefraction, density, acoustic

molecular sound velocity, molar volume

ultrasonic  velocity,
impedance,
and molecular weight of i ™ component of the mixture

respectively and M, = Z)ci M. is the effective

molecular weight of the solution.

The computed values of Ultrasonic velocity are
presented in Table 2 and displayed in Fig. 1 and Fig. 2
with a comparision to the experimental value. The
average percentage error (APE) and Chi-Square values
[17, 18] have been calculated to judge the validity of

theoretical models and reported in Table 3.

The average percentage error

U., —U
APE = L3 ZER Al 000,
n

Expt

(6)

OS]
D



Chi-Square test 0.78 1305.0 1296.5 | 1284.4 | 1296.0 | 1142.7
, & (UExpt_UCal )2 0.85 1301.2 12952 | 1288.2 | 12949 | 1175.8
X = U (7 0.93 1296.9 1294.0 | 1290.7 | 1293.8 | 1228.7
i=l Cal
1.00 1293.0 1293.0 | 1293.0 | 1293.0 | 1293.0

where, n - number of data used,

Uk - experimental ultrasonic velocity, —
1300

Ucal — calculated ultrasonic velocity.
1250 |

Table 2.
Theoretical values of ultrasonic velocity  (SI Unit) with 1200 | i
molefraction (x,) of DEHPA. o
é 1150 | 4
mecc'Zilgn Unr Uv Up U, Unr > o] ]
(x2) 1050 | 4
Cyclohexane + DEHPA 1000 | ]
0.00 | 12520 | 1252.0 | 1252.0 | 12520 | 12520 00 0z 04 s o8 10
0.07 | 1255.6 | 1259.6 | 1256.7 | 12533 | 1175.3 %,
0.14 |1259.0 | 1265.5 | 1261.1 | 12562 | 1120.4 Figure 1. Experimental and theoretical ultrasonic
021 | 12623 | 12702 | 1268.1 | 1259.8 | 1080.9 velocity of cyclohexane + DEHPA.
029 | 12659 | 1274.6 | 1271.8 | 1264.1 | 1049.9
037 | 12694 | 12782 | 1277.0 | 1268.4 | 1030.8 IS ]
042 | 1271.5 | 1280.1 | 12852 | 1270.9 | 1024.1 woer T
0.51 | 12752 | 1283.1 | 1283.5 | 12752 | 10214 ~1F .
0.59 | 12784 | 12853 | 1284.7 | 1278.8 | 1029.0 £ o] 1
0.69 | 12822 | 1287.7 | 12859 | 1282.8 | 10528 > 150l ]
0.74 | 1284.0 | 1288.7 | 1287.6 | 1284.7 | 1071.6 ool ]
0.81 | 1286.6 | 1290.0 | 1288.8 | 1287.2 | 1107.3 L | | | | |

0.87 1288.7 | 1291.1 | 1289.1 | 1289.1 | 1148.9

0.93 1290.7 | 1292.0 | 1290.1 | 1291.0 | 1204.1

Figure 2. Experimental and theoretical ultrasonic
velocity of dioxane + DEHPA.

1.00 1293.0 | 1293.0 | 1293.0 | 1293.0 | 1293.0

Dioxane + DEHPA Table 3

0.00 1345.0/11345.0 1 1345.0 ) 13450 | 1345.0 APE and Chi-Square values of calculated ultrasonic Velocity

0.06 | 1342.0 | 1334.6 | 1198.4 | 1333.3 | 1276.3 (U) at 303.15K

0.12 | 1339.0 | 1326.8 | 1216.3 | 1325.0 | 1223.9 Cyclohexane + Dioxane + DEHPA

DEHPA

0.23 1333.6 | 1316.9 | 1236.7 | 13149 | 1157.3 9) APE Chi-Square APE Chi-Square

031 | 13295 | 1311.8 | 1248.6 | 1310.0 | 11263 value value value value
Upr  0.374 0.351 1212 3.926

039 | 13254 | 1307.8 | 1257.1 | 1306.2 | 1106.5 Uy 0771 a7 0.399 0.586

0.46 | 1321.8 | 1305.0 | 1267.4 | 1303.6 | 1097.1 Up  0.685 1316 2.865 30.458

0.51 | 13193 | 1303.2 | 1267.6 | 1302.0 | 1094.6 Us 0.332 0.33 0.324 0.423

057 | 13161 | 13014 | 1271.9 | 13003 | 1096.1 Unm_ -14.893 452475 | -11.673  301.972

0.61 | 1314.0 ) 1300.3 | 1274.2 | 1299.3 | 1099.8 The observed modulus of average percentage error (APE)

0.69 1309.8 | 1298.3 | 1280.0 | 1297.6 | 1114.2

and Chi-Square test of ultrasonic velocity (Table 3),
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following all relations, illustrate intermolecular
interaction between unlike molecules in the liquid
mixtures. Among the above mentioned five theoretical
relations / models, Junjie’s relation exhibits closer data

approach to the experimental values (Fig. 1 and Fig. 2).

IV. CONCLUSION

Ultrasonic velocities of the two systems, i.e. DEHPA
with cyclohexane and dioxane, have been measured
experimentally at 303.15K. The trend of variation of
ultrasonic velocity of liquid mixtures over entire
composition of DEHPA indicate the presence of
molecular interaction between unlike molecules in both
systems. Again, ultrasonic velocities have been
computed theoretically by using various theoretical
relations / models and analysed with  those of
experimental data in both the binary mixtures. There is a
good agreement between experimental and theoretical
values of ultrasonic velocity. However, it may be
pointed out that Junjie’s relation is best suited among the
five theoretical models for the calculation of ultrasonic

velocity in the present systems.
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