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ABSTRACT

Density (p) and ultrasonic speed (u) in the mixtures of isopropanol (IPA), isobutanol (IBA) and
isoamyl alcohol (I1AA) with equimolar mixture of ethanol and formamide (EMM), including those
of pure liguids have been measured over the entire range of composition at temperature 308.15
K. From these experimental values, the deviations in ultrasonic speed (Au) and isentropic

compressibility (Aks), excess acoustic impedance (ZF) and excess free length (L'f) have been

calculated and reported. The variations of these properties with composition of solution are
discussed in terms of molecular interactions between unlike molecules of the mixtures. Further
more, the experimental values of u for afore mentioned mixtures have been compared with
theoretically estimated ultrasonic speeds using different empirical relations and the relative
merits of these theories and relations have been discussed in terms of percentage deviations.

Key words. Ultrasonic speed, Thermo acoustic properties, oubde interactions, Redlich —
Kister polynomial, empirical velocity relations.

INTRODUCTION

Knowledge of thermo—acoustic properties is of gmeghificance in understanding the physico
chemical behaviour and molecular arrangement inowar liquid mixtures and solutions.

Ultrasonic study of liquids and liquid mixtures hganed much importance during the last two
decades [1-4] in assessing the nature of molecgntaractions and investigating the physico
chemical behaviour of such systems. Speed of sdself is highly sensitive to the structure
and interactions present in the liquid mixturest & fundamentally related to the binding forces
between the constituents of the medium [5]. For dbelitative estimation of the molecular
interactions in solutions, the ultrasonic velo@pproach was first studied by Lageman [6].
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Measurements of ultrasonic speed and density haen lused to calculate acoustic and
thermodynamic parameters that are found to be sengitive to molecular interactions [7,8].
The excess properties of the acoustic and thernasdignparameters will give the information
about the nature and strength of molecular intemastand are sensitive to the intermolecular
forces as well as to size of the molecules [9,H&nce, such measurements are useful to study
the strength of molecular interactions in liquidktares.

The present work is the continuation of our eadiidies [11,12] on thermodynamic properties
of mixed solvents, which have relevant chemicadustrial and biological process applications
[13].The studies of physicochemical properties aofide and alkanol mixed solvents are
interesting because amide is convenient model sy$te investigating peptide and protein -
solvent interactions. Formamide is primarily usedrhanufacturing sulfa drugs and synthesizing
vitamins and as a softner for paper and fiber [AKonols are of interest in their own right and
serve as simple examples of biologically and indalbg important amphiphilic materials
[11,15].

Here we report the results of our studies on acowstd thermodynamic properties of the
mixtures of isopropanol or isobutanol or isoamydaal with equimolar mixture of ethanol and
formamide (EMM) over the entire composition ranggressed by the mole fraction/volume
fraction of secondary alkanols at a temperaturd0&.15 K. Formamide molecules are highly
polar u = 3.77 D at 298.15 K) [16] and are strongly sal$aciated through extensive three -
dimensional net work of hydrogen bonds, througtihitee hydrogen bond donors (3H — atoms)
and three acceptors (two lone pairs of electronsxggien and one on nitrogen atom) [17,18].
Secondary alkanol molecules are polar and selfeaated through hydrogen bonding of their
hydroxyl groups [18]. Since the components of ¢hewmixtures have both proton-
donating/accepting abilities, significant interactithrough hydrogen bonding between unlike
molecules may be expected. To the best of our ladye, there has been no work reported on
the above three systems related to the acoustithenshodynamic investigations.

The experimental values of ultrasonic speed (u) @ity p) have been used to calculate
various acoustic and thermodynamic properties sisctihhe deviation in ultrasonic velocitu)
and deviation in isentropic compressibilitykf), excess acoustic impedance)(Zand excess

free length (_f). The results of the present systems were coecthaith the data obtained from

Redlich —Kister type polynomial [19] equation ame tcorresponding standard deviations have
been evaluated. The deviation and excess paranater used to discuss the molecular
interactions exist between unlike molecules throt@hl O ---- H — O- hydrogen bonding in the
mixtures. Besides, the experimental values of stinéc speed for the three systems studied have
been compared with that of theoretically estimatatlies using different empirical relations
such as, Nomoto’s [20], Van Dael and Vangeelealdmixing relation [21], Impedance [22],
Junjie’s [23], Rao’s specific sound velocity [24lcaJacobson’s [25] equation.

EXPERIMENTAL SECTION

The chemicals ethanol-absolute (of purity 99.99)a@shu Yangyuan Chemicals-China make)
and formamide (purity 99%), isopropanol (purity 99¥obutanol (purity 99%), isoamyl alcohol
(purity 99%) used in the present investigationaré.R Grade obtained from LOBA Chemicals,
INDIA. These were further purified by standard noeth [26,27]. The purities of the liquids
were checked by measuring their ultrasonic speedsdansities at 308.15 K and were in good
agreement with literature values [3,28-37] andséy@wvn in Table 1.
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Table 1 Comparison of experimental values of ultrasonic velocity (u) and density (p) of pureliquidswith the
corresponding literature values at 308.15 K

Liauid u/ m.s* p/ kg.m>
q Present work | Literature | Present work | Literature
ethanol 1109.76 111.00[28 776.49 776.41
. 1580.00[3]
formamide 1582.96 1577.20[30] 1120.10 1121.10[31]
. 772.20[33]
D
isopropanol 1107.80 1105.90[32] 771.66 772.88[34]
. 789.70[35]
D
isobutanol 1166.50 1166.50[32] 790.79 790.10[36]
isoamylalcohol 1210.42 1212.20[32] 800.54 800.7D[37

Equimolar mixture of ethanol and formamide (EMMYirst prepared and this solution has been
used to prepare the liquid mixtures with isopropésmbutanol/isoamylalcohol so that the entire
composition range is covered (i.e. 0-100% of trewsdary alcohol). All the mixtures have been
prepared by weight and kept in airtight bottlese Bamples have been weighed using METLER
TOLEDO (Switzerland make) AB135-S/FACT Digital bat with an accuracy of +g.

The ultrasonic speed of the pure liquids and tHatiems has been measured using a multi-
frequency ultrasonic interferometer (M-82 Modelpglied by Mittal enterprise, New Delhi. In
the present work, a steel cell fitted with a quartygstal of 2MHz has been used to measure the
ultrasonic speed with an estimated accuracy of %0.2n this method, the wavelength of
ultrasonic wave was determined accurately at thekiwg frequency. In the present study the
constant temperature water bath (digital electjosipplied by Concord Instruments Co. Ltd.,
Chennai (RAAGA type) has been used. The instrurnantmaintain temperature to +0.01K as
per its specifications.

The measurement of density of pure liquids andidigonixtures presented already in our
previous paper [12].The estimated accuracy ofrttéghod is 3 in 10parts.

RESULTSAND DISCUSSION

The experimentally measured values of ultrasonieedp density and evaluated values of
deviation in ultrasonic speed and isentropic comsgilality, excess free length and excess
acoustic impedance for all the systems studied baem presented in Table 2. The ultrasonic
speed and density decreased non-linearly with @&sitng concentration of isopropanol or

isobutanol or isoamylalcohol. This non-linear aéion is attributed to the deviation from ideal

behaviour that suggests interactions between miglecdi component liquids of the mixtures.

The deviations and excess functions, which are asare of deviation from ideal behavior, are
found to be highly sensitive to intermolecular matgions amongst the component molecules of
the liquid mixture. The presence of dispersiorcést specific interactions such as dipole —
dipole and hydrogen bonding interaction has beateustood from the sign and magnitude of
the values of the mixtures.
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Table 2 Experimental values of ultrasonic velocity (u), densities (p), deviation in ultrasonic velocity (Au),
deviation in isentropic compressibility (Aks), excess acoustic impedance (z5) and excess free length ( L'? ) for
all the systems at 308.15 K

mole volume E E
fraction | fraction( v P 3 Au_l Al(lfs 1 6 X 54 Ly
) @) /' m.s / kg.m /m.s /10" pa” | /10°kgm™s /10°m
EM M +isopropanol
0.0000 0.0000 1331.5( 932.48 0.0p 0.00d0 0.000( 000.0
0.0645 0.0649 1307.37 910.43 -9.70 0.0845 -0.0264 .0051
0.1410 0.1422 1278.24 891.4p -21.70 0.1752 -0.0476 0.0103
0.2136 0.2152 1255.42 877.54 -28.80 0.2106 -0.0578 0.0127
0.3070 0.3113 1230.32 861.30 -32.50 0.2169 -0.063p 0.0141
0.3884 0.3898 1211.81 848.60 -32.80 0.2171 -0.063p 0.0139
0.4783 0.4789 1193.5( 835.86 -31.00 0.1895 -0.059p 0.0127
0.5975 0.5980 1171.04 818.82 -26.80 0.1590 -0.051p 0.0110
0.7183 0.7182 1149.1( 803.44 -21.72 0.1372 -0.0406 0.0090
0.8481 0.8470 1129.0( 788.88 -12.Y8 0.0749 -0.0229 0.0050
1.0000 1.0000 1107.8( 771.66 0.0p 0.0000 0.000( 000.0
EMM +isobutanol
0.0000 0.0000 1331.5( 932.48 0.0p 0.0000 0.000( 000.0
0.0562 0.0566 1311.43 910.89 -10.80 0.1508 -0.029L 0.0071
0.1182 0.1192 1290.8( 896.0p -21.20 0.2628 -0.0478 0.0124
0.1941 0.1953 1269.4( 882.39  -30.07 0.3506 -0.0595 0.0164
0.2584 0.2596 1253.96 87150 -34.90 0.40641 -0.066B 0.0188
0.3418 0.3430 1238.63 858.6p -36.47 0.4297 -0.069D 0.0198
0.4389 0.4398 1223.04 845.30 -36.00 0.4326 -0.067[7 0.0197
0.5504 0.5517 1207.43 831.2p -33.25 0.4134 -0.0628 0.0187
0.6791 0.6807 1191.44 816.90 -28.00 0.3664 -0.051p 0.0162
0.8217 0.8231 1179.02 803.84 -16.90 0.2303 -0.031f 0.0101
1.0000 1.0000 1166.5( 790.79 0.0p 0.0000 0.000( 000.0
EM M +isoamylal cohol

0.0000 0.0000 1331.5( 932.48 0.0p 0.0000 0.000( 000.0
0.0436 0.0439 1315.8( 914.68 -10.42 0.1570 -0.026p 0.0070
0.0940 0.0945 1300.04 901.54 -20.12 0.2804 -0.044p 0.0124
0.1607 0.1617 1282.44 887.23 -29.58 0.4034 -0.0599 0.0177
0.2281 0.2293 1268.27 875.183 -35.66 0.4877 -0.0695 0.0211
0.3050 0.3065 1255.8( 862.54 -38.77 0.5435 -0.0758 0.0233
0.3995 0.4016 1243.94 848.81 -39.19 0.5699 -0.0768 0.0243
0.5052 0.5075 1232.5( 836.79  -37.83 0.5611 -0.0725 0.0236
0.6455 0.6490 1219.7( 821.97 -33.64 0.5214 -0.063L 0.0216
0.8380 0.8195 1214.34 808.40 -15.68 0.3097 -0.0315 0.0107
1.0000 1.0000 1210.42 800.54 0.0p 0.0000 0.000( 000.0

Using measured data of ultrasonic speed and deasdystic parameters [38-40] such as the
isentropic compressibility {k acoustic impedance (Z), the intermolecular fesggth (L) have
been determined.

ke=1/UPp (1)
Z=uw (2)
Li= K ks 3)

whereK is Jacobson temperature dependent constant aagued toK=(93.875+0.37%)x10
8 whereT is absolute temperature

The deviation in ultrasonic speed [41] in the migBihas been calculated using the relation.
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AU = U-XUz-XoUp 4)

here ‘X’ is the mole fraction of the liquid mixtuamd the subscripts 1 and 2 stands for equimolar
mixture and secondary alcohol.

Pertinent to the calculation of deviation and eggesrameters, equimolar mixture is considered
as one component of the binary liquid mixture [11].

The deviation in isentropic compressibility hasrealculated from the equation [3,42,43].
Ak, =K, -P K, -D K, (5)

Since K is not additive on mole fraction but these areitaddon volume fraction. Hence, such

: V.
values are calculated using volume fracﬂpn:;—' :

The excess functions such afsilde have been calculated [42] using,

75=7- X121-X2Z5 (6)
E
Lf:Lf_XlLfl_XZLfZ (7)

The values of deviation in ultrasonic velocity aséntropic compressibility, excess acoustic
impedance, excess free length have been fitted ®edlich-Kister [19] type polynomial
equation.

Eag(1-x)ZA; (1-2x) (8)
Where ¥ is Au or orLf. The subscript ‘I’ in the summation of the abovpation takes

values from 1 to 5.

The values ofAkshave been fitted to Redlich — Kister type polyndmnadh volume fraction [42]
instead of mole fraction in the polynomial.

Aks = (1-D)ZA; (1-20) (9)
The values of coefficients;An the above equations have been determined tisinigast square

method and are compiled in Table 3 along with tlamdard deviations(YF) calculated using
the expression.

o(YO=[Z(YS, - Y5 )? 1 (m-n)[? 10§

where ‘m’ is the total number of experimental psiahd ‘n’ is the number of coefficients in the
Eq. (8).The value of n in the present study is 5.
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Table 3 Coefficients A; of Redlich-Kister type polynomial equation Eqgs. [(8)-(9)] and the corresponding

Standard deviations of all the systemsunder investigation

A0 Al A2 A3 A4 ¢
EMM +isopropanol
Au/mst -120.5809| -61.2277 -85.3229  14.4392  107.0853 0.3083
ZF/10°kg.m?s? -0.2323| -0.1107 -0.1246  -0.0734 0.0542 0.0004
AkJ10"%a 0.7347 0.4678 0.9883 0.2091 -1.0022 0.2701
|_$/10'1°m 0.0497|  0.0271 0.0457  0.0085 -0.0476 0.0001
EMM +isobutanol
Au/mst -138.4729| -50.1996 -88.528 -30.1979 113.643 0.1638
ZF/110°kg.m?s? -0.2626| -0.0947 -0.0773  -0.1118 -0.0791 0.0006
AkJ10"%a 1.7082 0.2927 0.8475 0.6701 -0.5932 0.0044
LE’lO'lom 0.0774|  0.0181 0.0373  0.0311 -0.0p2 0.0002
EMM +isoamylalcohol
Au/mst -151.1614| -34.493% -91.8466 -94.07p7 125,07 0.0938
Z5/10°kg.m?s? -0.2957| -0.0881 -0.075f  -0.1562 -0.0507 0.0009
Akg10%pa™ 2.2786| 0.1789 0.9225  1.1709 0.8069 0.0043
LE’lO'lom 0.096| 0.0129 0.0361  0.0578 -0.03p4 0.0002
0.00
-5.00
-10.00
-15.00
-20.00
-25.00
T‘g -30.00
3 -35.00
-40.00
-45.00

mole fraction

Figure 1. Variation of deviation in ultrasonic speed with molefraction of (@)
isopropanol, ( ®) isobutanol,(a)isoamylalcohol with EMM

The variation of deviation in ultrasonic speed withle fraction of secondary alcohols as shown
in Figure 1. The deviation in ultrasonic speedagative in all the systems studied. The negative
values of deviation in ultrasonic speed, generalhgicate dispersion forces due to weak
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interactions [44-46]. The addition of secondaryohld to the mixture is disrupting the existing
hydrogen bonding between ethanol and formamide.atlaiion of secondary alcohol molecules
to the equimolar mixture of ethanol and formamideréases monomers in the structures and
dispersion forces in the system. This might be gbssible reason for the observed negative
values of deviation in ultrasonic speed over thige@gomposition range.

0.60

0.50 |

0.40 |

0.30 |

0.20 |

Akg10™ pa*

0.10 |

0.00

0 0.2 0.4 0.6 0.8 1

volume fraction

Figure 2. Variation of deviation in isentropic compressibility with
volume fraction (®) isopr opanol,( m)isobutanol,( )isoamylalcohol
with EMM

0.00

-0.01 |

-0.02

-0.03 |

-0.04

-0.05 |

-0.06

Z£/10%kg .m? .5

-0.07 |

-0.08

-0.09

mole fraction

Figure 3. Variation of excess acoustic impedance with molefraction of (@)
isopropanol,( m)isobutanal,( a)isoamylalcohol with EMM
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Figure 2 represents the variation of deviatiorsentropic compressibility with the mole fraction
of the secondary alcohols in the mixture invesédabver the entire composition range. In
general, the negative values of deviation in isgntr compressibility indicate strong and
specific interactions such as H-O, -dipole intdmag etc., on the other hand, the positive values
of deviation in isentropic compressibility indicateeak interactions and dispersion forces
operating between the molecules of the compondrtseomixtures [47,48]The greater excess
isentropic compressibility values for (ethanol+fammde)+isoamylalcohol than the other
systems are in accordance with the fact that tiemgth of hydrogen bonds formed by secondary
alcohols decreases with the increase in the cacbaim length [49]. From Figure 2 it is observed
that the deviation in isentropic compressibilityissitive over the entire composition range in all
the mixtures investigated. This supports the infees made from the variation of deviation in
all ultrasonic speeds.

The variations of excess acoustic impedance anésexfree length with mole fraction of
secondary alcohols in the mixtures have been preden the Figures 3 and 4 respectively. The
observed negative values of excess acoustic impedand positive excess free length values
over the entire composition range of the liquid taaigs supporting the variation of deviation in
ultrasonic velocity as well as deviation in isepicocompressibility [4,50].

0.030

0.025 |

0.020 |

0.015 |

/10° m

o
I

0.010 |

A

0.005 |

0.000

0 0.2 0.4 0.6 0.8 1

mole fraction

Figure 4. Variation of excess freelength with molefraction of
(®) isopropanol,( m)isobutanol,( A)isoamylalcohol with EMM

The experimental values of ultrasonic speed inlithgd mixtures investigated and the speeds
calculated using various theories [20-25] alondhwpiércentage of deviation between theoretical
and experimental values have been presented ire§dband SespectivelyVarious theoretical
formulae used for evaluating sound velocity areefter given. Such an evaluation offers a
simple method to investigate molecular interactibesides verifying the applicability of various
theories to liquid mixtures. In the present stuthgoretical speeds have been also evaluated by
considering equimolar mixture of ethanol and fornd®amas one component and secondary
alcohol as the other component in the binary metur

On assuming additivity of molar sound velocity, Nutm[20] established the following equation
for sound velocity:
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Uy ={(XR)/I(EXV))} (11)

where xis the molefraction, Ru*V; the molar sound velocity, \the molar volume andi is
the sound velocity of thd'icomponent.

Van Dael and Vangeel [21] obtained the relation
S(xM, /u?) ={l/Sx MK LU, }> (12)

where M is the molecular weight ofiicomponent in the liquid mixture
Impedance relation [22] is given by

Uip =2XZ; 12X 0 (13)
Junjie’s equation [23] is given by
U ={EXV I(EXM)PH Z(xV, 1 pu ")) 2 (14)

where Zis the acoustic impedance ands the density of thé"icomponent of the mixture.
Rao’s (specific sound velocity) relation [24] ivgn by

Ug =(Zx1,0)° (15)

where =u”¥/ p; is the Rao’s specific sound velocity of tHecomponent of the mixture
Jacobson’s equation [25] is given by

U, =Kp™2L7} (16)
where L is the ideal free length of the mixtures.

The authors tried to fit experimental data to twypeis of polynomial equations described below,
so that these empirical fittings described qualitdy and quantitatively use experimental speed
data even in the specific interaction predominagian where non-ideal behavior of the system
is observed.

The polynomial equations used are [51,52]

f(x) =U(x) =Za x“ and (17)

g(x) =InU(x) ==(InU, )x" (18)
where k in the summation assumes values from 1, t0i8§ the molefraction of the secondary
alcohol and @ InUx are constant co-efficients to be determined usimgierical methods. The
values of sound velocities and percentage deviaf@iter determining the co-efficients in the

above polynomial equations by applying least squanethod) have been compiled in Table 4
and Table 5 respectively.
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Table 4 Experimental and theoretical values of ultrasonic velocity from Eq.s[(11)-(18)]

X Uy U | Um | Usn U | U [ 0 [ o®
EMM +isopropanol

0.0000 1331.50| 1331.50 133150 1331.50 1331.50 .43311332.01] 1332.08
0.0645 1308.12| 1313.9 1319.43 1296.p02 1272.29 .39071306.18 1306.10
0.1410 1282.84 1293.8 1304.Y4 1261.p0 1231.73 .18781278.75 1278.57
0.2136 1261.01 1275.4 1290.44 123549 1209.71 .%2551255.88 1255.64
0.3070 1235.58 1252.54 1271.48 1207.85 1186.83 .32301230.53 1230.53
0.3884 1215.54 1233.3 1254.42 1188.16 117190 .72111211.54 1211.72
0.4783 1195.38 1212.9 123497 1170.p5 115941 .60931193.04 1193.45
0.5975 1171.40 1186.9 1208.15 1150.49 1140.70 .03711170.96 1171.45
0.7183 1149.81 1161.9 1179.69 113459 1127.68 .09491149.93 1150.21
0.8481 1129.16 1136.2 114755 1120./7 1120.00 .922281128.45 1128.34
1.0000 1107.80 1107.8 1107.y4 1107.80 1107.80 .74071107.90 1107.77

EMM +isobutanol
1331.50 1331.50 1331.50 .43311331.920 1331.95
1323.57 1306.67 1268.18 .%3111310.74 1310.81
1314.67 1284.11 123591 .82901290.57 1290.52
1303.53 1261.p5 1214.66 .42691269.72 1269.65
1293.88 1246.62 1198.81 .08541254.79 1254.76
1281.07 1230.p4 1182.35 .7@381238.37 1238.31
1265.Y2 121491 1169.05 .928221222.46 1222.43
1247.48 1200.02 1157.38 .42071207.20 1207.13
122558 1188.2 1150.21 .47911192.31 1192.13
1200.16 1177.23 1152.19 .06791178.56 1178.15
1166.55 1166.66 1166.50 .%9661166.56 1166.78
EMM +isoamylalcohol
1331.50 1330.p2 133150 .43311331.97, 1332.08
1326.94 131494 1277.92 .18151315.33 1315.27
1321.60 1299.67 1247.40 .13001299.45 1299.45
1314.41 1283.39 1219.37 .%8821282.58 1282.54
1307.00 1270.,8 1200.18 .28681268.94 1268.89
1298.837 1258.,8 1182.50 .20551256.21 1256.27
1287.49 1246.67 1166.86 .82431243.34 1243.27
127495 1236.6 1161.84 .%2321231.72 1231.76
1257.67 1226.38 1158.02 .12191220.70  1220.72
1232.68 121630 1178.77 .30141213.96 1214.03
1210.43 1210.08 1210.42 .42101210.50 1210.51

T O \=2 LA A\"Al +-— L4 ~ >~}

0.0000 1331.50| 13315
0.0562 1313.91| 1316.01
0.1182 1296.56| 1300.1
0.1941 1277.78| 1282.2
0.2584 1263.65| 1268.3
0.3418 1247.34| 1251.7
0.4389 1230.74| 1234.34
0.5504 1214.26| 1216.7
0.6791 1197.96| 1199.1
0.8217 1182.61| 1182.8;
1.0000 1166.50| 1166.5

O+ W W =100 1TuUrTor+=109

0.0000 1331.50| 13315
0.0436 1319.89| 1315.9
0.0940 1307.96| 1299.7
0.1607 1294.19| 1280.6
0.2281 1282.17| 1264.0
0.3050 1270.33| 1248.04
0.3995 1257.94| 1232.1
0.5052 1246.29| 1218.7
0.6455 1233.54| 1207.6
0.8380 1219.71| 1203.7
1.0000 1210.42| 1210.4

O OUT OT \"2J LA +-— QO W O ~ A=
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Table 5 Percentage deviations of theor etical velocities from experimental velocities

x | %AUN | %AUy | %AU, | %AU .,
EMM +isopropanol
0.0000 | 0.000] 0.000] 0.000  0.00p
0.0645 | 0.057| 0.506] 0.923 -0.868
0.1410 | 0.358| 1.221] 2073 -1.28
02136 | 0445 1.593] 279] -1.588 -3.641  0.00§ 0.437 .01
0.3070 | 0.428] 1.806] 3.343 -1.86 -3585  0.004 0.0170.017
0.3884 | 0308 1.778] 3.516 -1.952 -3283  -0.01p  D.p2-0.010
5
5
3
9
D

%AUR | %AU, | %Af(x) | %Ag(x)

0.000 0.00d 0.038 0440.
-2.683 0.007 -0.9910.100
-3.64 -0.01( 0.038 .029

0.4783 0.158 1.627 3.475 -1.96 -2.8b6 0.009 -0.0390.000
0.5975 0.031 1.359 3.169 -1.75 -2.591 0.00( -0.0070.035
0.7183 0.062 1.114 2.662 -1.24 -1.864 0.00d 0.0720.097
0.8481 0.014 0.643 1.643 -0.72 -0.797 -0.01
1.0000 0.000 0.000 -0.010 0.00 0.000 -0.01
EMM +isobutanol

8

.p4 -0.060
090.000

1=
o
o

0.0000 0.000 0.000 0.00¢ 0.00p 0.000 0.00d 0.032 0340.
0.0562 0.189 0.352 0.926 -0.371  -3.298 0.00¢ -0.p530.050
0.1182 0.446 0.725 1.849 -0.518 -4.252 0.005 -0.0180.020
0.1941 0.660 1.012 2.689 -0.587 -4.3]12 0.007 0.0250.020
0.2584 0.773 1.144 3.184 -0.585 -4.398 0.008 0.0660.064
0.3418 0.703 1.055 3.426 -0.6717  -4.544 0.004 -0.p210.030
0.4389 0.626 0.921 3.486 -0.668 -4.418 -0.010 .p5 -0.050
0.5504 0.566 0.770 3.317 -0.539 -4.145 0.003 -0.p190.020
0.6791 0.546 0.649 2.865 -0.271 -3.4p1 0.002 0.0720.057
0.8217 0.304 0.324 1.793 -0.192  -2.276 0.003 -0.p390.070
1.0000 0.000 0.000 0.004 0.014 0.000 0.004 0.005 0240.

EMM +isoamylalcohol
0.0000 0.000 0.000 0.00d -0.044
0.0436 0.311 0.013 0.8471 -0.065
0.0940 0.612 -0.020 1.662 -0.025
0.1607 0.915 -0.140 2.491 0.07B  -4.919 0.009 0.0090.006
0.2281 1.100 -0.330 3.058 0.16p  -5.365 0.005 0.0570.053
0.3050 1.157 -0.620 3.390 0.19f -5.837 0.009 0.0330.037
el
el
8
il
8

0.000 0.00d 0.035 .0440
-2.8\9 0.00d -0.0360.040
-4.046 0.008 .04 -0.040

0.3995 1.125 -0.950 3.501 0.21 -6.196 0.00d -0.9480.050
0.5052 1.119 -1.110 3.444 0.32 -5.733 0.003 -0.9630.060
0.6455 1.135 -0.990 3.113 0.54 -5.057 0.007 0.0820.084
0.8380 0.441 -0.870 1.509 0.16 -2.980 0.00d -0.9320.030
1.0000 0.000 0.000 0.00d -0.02 0.000 0.004 0.007 .00

The standard deviations corresponding to ultrasaspeed values calculated using the
polynomial equations from that of experimental eslwf speeds have been evaluated using the
relation:

o={3U; -U,)*/n}"? (19)
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where Lt is the experimental value of ultrasonic speegithg value of sound velocity calculated
using the polynomial equations f(x) and g(x) and the number of mole fractions at which
experimental and theoretical velocities have bextarchined.

Table 6Standard deviation of sound velocity calculated using polynomial equations from experimental values

Name of the system Polynomial form | Standard deviation 6/ m.s™
EM M +isobutanol ;((Xx)) %gﬁ%‘(%
EM M +isoamylal cohol ;((Xx)) %3:;272%92

The percentage errors shown in Table 5 are extyesmeéll. The standard deviations presented
in Table 6 are very low obtained from the polyndniigs. (17) and {18). From the above tables,
the agreement between theoretical and experimevasles is better in the case of
EMM-+isopropanol system. On comparison, the Jacdbserlocity equation gives better
estimate of experimental values in the presentystud

CONCLUSION

1. Dispersion forces are operative in the systandied.

2. The strength of hydrogen bond follows the odsiM+IPA>SEMM+IBA>EMM+IAA in the
systems investigated.

3. The Jacobson’s velocity equation gives good eagemt between the experimental and
theoretical ultrasonic speed values for all theesys employed.
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