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Abstract

The density, viscosity and sound velocity for binary mixtures of 1,3-dioxolane + pentanol, 1,3-dioxolane + hexanol, 1,3-
dioxolane + heptanol, 1,3-dioxolane + octanol, 1,3-dioxolane + nonanol and 1,3-dioxolane + decanol have been measured at
the temperature 298.15 K, are conducted at atmospheric pressure. From these experimental values, various thermodynamic and
excess thermodynamic properties were calculated. The adiabatic compressibility (B.g), excess adiabatic compressibility (Baq"),
inter molecular free length (Ly), excess inter molecular free length (L%), enthalpy (H), excess enthalpy (HF), free volume (V5),
excess free volume (Vf)), internal pressure (P;), excess internal pressure (pi¥) have been in vestigated from density (p),
viscosity (n) and sound velocity (u) measurements of six binary liquid mixtures of 1,3-Dioxolane with pentanol, hexanol,
heptanol, octanol, nonanol and decanol over the entire composition range of mole fractions at 298.15K. An excess values of
adiabatic compressibility (."), inter molecular free length (L)), excess enthalpy (HF), excess free volume (L) and excess
internal pressure (i) were plotted against the mole fraction of 1,3-dioxolane over the whole composition range. The excess
properties are found to be negative depending on the molecular interactions and the nature of the liquid mixtures. The systems
studied exhibit very strong cross association through hydrogen bonding.
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1. Introduction

The use of cyclic diethers and 1-alcohols in many indus-
trial processes such as pharmaceutical and cosmetics have
greatly stimulated the need for extensive information on the
thermodynamic, acoustic and transport properties of cyclic
diethers, 1-alcohols and their mixtures. [1-6] In recent years,
many research scholars have discussed thermodynamic and

excess thermodynamic properties in liquid mixture and in-
terpreted these properties using the interactions among the
molecules [7]. In our systematic investigation of these prop-
erties, we have reported the viscosities, densities, speeds of
sound, isentropic compressibilities, molar volume and excess
molar volumes of many binary systems in previous papers.
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[8-10] There has been a recent upsurge of interest in the
study of thermodynamic properties of binary liquid mixtures,
which have been used extensively to obtain information on
intermolecular interactions and stereo chemical effects in
these systems.

Therefore, ultrasonic techniques mainly used to explore
and understand the characteristics and dynamics of such mo-
lecular interactions. The excess thermodynamic property of
binary liquid mixtures of 1,3-dioxolane with 1-alkanols is of
great importance both from practical and theoretical point of
view. We can interpret the interactions and predict the appli-
cation of the liquid mixture using the thermodynamic and
physical properties of liquid and liquid mixtures. The ultra-
sonic velocity, density and viscosity of liquid mixtures are
used to understand the theory of a mixture in liquid state.
The intermolecular forces among the molecules in a liquid
mixture alter the physical and chemical properties like dipole
moment in the heat of mixing [11]. The experimental values
of sound velocity (u), density (p) and viscosity (1) are useful
in evaluating thermodynamic properties such as adiabatic
compressibility (B.q), inter molecular free length (Ly), enthal-
py (H), free volume (Vy), internal pressure (P;) and several
excess parameters which will be very much useful in con-
cerning the nature of intermolecular forces between the com-
ponent molecules. Over the last four decades, research has
been focused on measuring the ultrasonic velocity of liquid
system and interpreting their molecular structures. In the
present paper, sound velocity (u), density (p) and viscosity (1)
of six binary liquid mixtures of 1,3-dioxolane + pentanol,
1,3-dioxolane + hexanol, 1,3-dioxolane + heptanol, 1,3-
dioxolane + octanol, 1,3-dioxolane + nonanol and 1,3-
dioxolane + decanol, have been studied at 298.15 K over the
entire composition range of mole fractions. From these ex-
perimental values, adiabatic compressibility (Bad), inter mo-
lecular free length (Lf), enthalpy (H), free volume (Vf), in-
ternal pressure (Pi) and their deviations excess adiabatic
compressibility (BZ,), excess inter molecular free length (Ljf),
excess enthalpy (HE), excess free volume (VfE) and excess

internal pressure (p£) have been calculated and interpreted
in term of molecular interaction between the components of

the binary liquid mixtures. We know that excess thermody-
namic properties such as excess adiabatic compressibility
(BE,), excess inter molecular free length (L?), excess enthal-
py (HE), excess free volume (VfE) and excess internal pres-

sure (pE) goodinformationprovideaunderstandingtheintermo-
lecularinteractionbetweencomponentmoleculesoftheliquid-
mixtures. The cyclic diether and the 1-alcohols have both a
proton donor and a proton acceptor group. It is expected that
there will be a significant degree of H-bonding leading to
self-association in the pure state in addition to mutual associ-
ation in their binaries. [12] In addition, this work also pro-
vides a test of various empirical equations to correlate vis-
cosity and ultrasonic sound data of binary mixtures contain-
ing both polar components.

This work is the first to report a combined study of sound
velocity (u), density (p) and viscosity (n) of six binary liquid
mixtures of practical importance in many industrial process-
es such as pharmaceutical and cosmetics have greatly stimu-
lated the need for extensive information on the thermody-
namic, acoustic and transport properties of 1,3-dioxolane, 1-
alcohols and their mixtures. The 1,3-dioxolane and the 1-
alcohols have both a proton donor and a proton acceptor
group. It is expected that there will be a significant degree of
H-bonding leading to self-association in the pure state in
addition to mutual association in their binaries.

2. Materials and Methods

2.1. Materials

1,3-dioxolane (CDH New Delhi) was supplied with purity
> 99.7%, pentanol (CDH New Delhi) with > 99.7%, hexanol
(CDH New Delhi) with > 99.5%, heptanol (CDH New Delhi)
with > 99%, octanol (CDH New Delhi) with > 99.7%, nona-
nol (CDH New Delhi) with > 99%, decanol (CDH New Del-
hi) with > 99%, respectively with corresponding literature
values [13-23]. Since the agreement with the literature values
is very good.

Table 1. CASRegistryNumber, Mass Fraction Purity of the chemicals.

Component Formula CAS Reg. No.  Supplier

1,3-Dioxolane  C3HgO, 646-06-0 CDH New Delhi
Pentanol CsH1,0 71-41-0 CDH New Delhi
Hexanol CesH1.0 111-27-3 CDH New Delhi
Heptanol C,H360 111-70-6 CDH New Delhi
Octanol CgH150 111-87-5 CDH New Delhi
Nonanol CyH,,0 143-08-8 CDH New Delhi
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Mass Fraction Purity (%)

Method Purity analysis method

99.7 Chromatography by the supplier
99.7 Chromatography by the supplier
99.5 Chromatography by the supplier
99 Chromatography by the supplier
99.7 Chromatography by the supplier
99 Chromatography by the supplier
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Component Formula CAS Reg. No.  Supplier Mass Fraction Purity (%)  Method Purity analysis method
Decanol CyoH5,0 112-30-1 CDH New Delhi 99 Chromatography by the supplier
Table 2. Density (p), sound velocity (u) and viscosity (n) of pure Components at T=298.15K.
p (g.cm?®) u (m.s?) n (mPas)
Compound
Observed Literature Observed Literature Observed Literature
. 1.0577 [17] 1338 [17] 0.5878 [17]
1,3-Dioxolane 1.0616 1340 0.5885
1.0586 [17] 1338 [18] 0.5873 [17]
0.8108 [13] 1197 [16] 3.5411[13]
Pentanol 0.8124 1198 3.3978
0.8107 [13] 1268 [22] 3.5424 [13]
0.8187 [13] 1304 [15] 4.5924 [8]
Hexanol 0.8176 1306 4.6091
0.8152 [15] 1303 [15] 4.5932 [20]
0.8187 [13] 1327 [15] 5.9443 [13]
Heptanol 0.8196 1325 5.9066
0.8197 [19] 1327 [23] 5.9443 [23]
0.8216 [13] 1348 [14] 7.6605 [13]
Octanol 0.8236 1350 7.1508
0.8218 [13] 1347 [22] 7.5981 [13]
0.8244 [15] 1365 [15] 9.0230 [21]
Nonanol 0.8248 1366 8.9258
0.8242 [15] 1364 [23] 9.0200 [23]
0.8267 [15] 1380 [15] 11.825 [15]
D | .8292 137 11.8027
ecano 0.829 0.8264 [19] 378 1379 [23] 80 11.829 [15]
measure the densities (p) of pure liquids and binary mixtures.
2. 2. Methods Calibration was done at 298.15K with triply distilled water

2.2.1. Apparatus and Procedure

Air tight stopper bottles were used for the preparation of
the mixtures and were placed in the dark place. The losses in
the mixtures were kept to minimum, as evidenced by repeat-
ed measurements of physical properties over an interval of 2-
3 days during in which before use time no change in physical
properties was observed. The mixtures were well mixed by
shaking before use. Binary mixtures were prepared by mass,
using an electronic analytical balance (Model K-15 Deluxe,
K Roy Instruments Pvt. Ltd.) with an accuracy of =+
0.00001x10" kg as described elsewhere. The possible error
in the mole fraction was estimated to be less than 110 ™.
Five samples were prepared for one system, and their density
and sound velocity were measured on the same day.

2.2.2. Density

Densities of pure liquids and their binary mixtures were
determined by using a R. D. Bottle with a 25 cm? is used to
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and purified methanol using density values from the litera-
ture. The R. D. Bottle is calibrated by using conductivity
water (having specific conductance less than 1x10° ohm™)
with 0.9970 and 0.9940 gecm™ as its densities at T = 298.15 K,
respectively. The R. D. Bottle filled with air bubbles free
liquids is kept in a thermostate water bath (MSI Goyal Scien-
tific, Meerut, India) controlled with a thermal equilibrium.
The precision of the density measurements was estimated to
be #0.0002 g cm™>.

2.2.3. Sound Velocity

The ultrasonic velocity were measured using a multi-
frequency ultrasonic interferometer (Model F80D, Mittal
Enterprise, New Delhi, India) working at 3 M.Hz. The meter
was calibrated with water, methanol, and benzene at 298.15
K. The details of the methods and techniques have been de-
scribed previously.[8, 10] Measurement of sound velocity
through medium was based on the accurate determination of
the wavelength of ultrasonic waves of known frequency pro-
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duced by quartz crystal in the measuring cell. The interfer-
ometer cell was filled with the test liquid, and water was
circulated around the measuring cell from a water bath. The
uncertainty was estimated to be 0.1 ms™. The measured val-
ues of ultrasonic velocities of pure 1,3-dioxalane, pentanol,
hexanol, heptanol, octanol, nonanol and decanol at 298.15K
were 1340, 1198, 1306, 1325, 1350, 1366 and 1378 m.s™
respectively, which compare well with the corresponding
literature values.

2.2.4. Viscosity

The viscosity of pure liquids and their binary mixture were
measured using suspended Ostwald viscometer having a ca-
pacity of about 15 ml and the capillary having a length of
about 90 mm and 0.5 mm internal diameter has been used to
measure the flow time of pure liquids and liquid mixtures
and it was calibrated with triply distilled water, methanol and
benzene at 298.15 K. The details of the methods and tech-
niques have been described by researchers [1, 4]. The efflux
time was measured with an electronic stop watch (Racer)
with a time resolution (#0.015), and an average of at least
four flow time readings was taken. Glass stopper was placed
at the opening of the viscometer to prevent the loss due to
evaporation during measurements. The two bulbs reservoir,
one at the top and other at the bottom of the viscometer

linked to each other by U type facilitate the free full of liquid
at atmospheric pressure. Viscosity values (n) of pure liquids
and their binary mixtures are calculated using the solution.

n b
=~ =at- -
p t

Where t is the efflux time and a and b are viscometric con-
stants.

The measured viscosities have reproducibility within £
0.002m. Pa.s. The measured values of viscosities of pure 1,3-
dioxalane, pentanol, hexanol, heptanol, octanol, nonanol and
decanol at 298.15K were 0.5885, 3.3978, 4.6091, 5.9066,
7.1508, 8.9258 and 11.8027 mPas. Which compare well with
the corresponding literature values.

3. Results and Discussion

The experimental values of ultrasonic velocity (u), density
(p) and viscosity (n) of 1,3-dioxolane with 1-alkanol mix-
tures at 298.15K are listed in Table 3. From these values, we
have computed Intermolecular free length (L), adiabatic
compressibility (8,4), Enthalpy (H), internal pressure (P;)
and Free Volume (Vs) are presented in Table 3.

Table 3. Density (p), ultrasonic velocity (u), and viscosity (i), Intermolecular free length (L;), adiabatic compressibility(8,4), Internal pres-
sure (P;) and Free Volume (V) of binary mixture of 1,3-dioxolane (1) + 1-alkanol (2) at 298.15K.

Mole fraction . s Intermolecu- adiabatic com- Internal Free Vol-
1.3-Dioxolane Dens_lsty (p)/ Sound velc_>10|- Viscosity () / lar free length pressibility pr_essure um%(Vf) Enthalpey
(x1) m ty (u) / ms mPas. (L X0 m  (B,g)10"/ Pa™ (Pl)9 , ><l§) . (H) <10
x10°/Nm™=  M°mol
1,3-Dioxolane + Pentanol
0.0000 0.8124 1198 3.3978 2.6732 8.5770 2.9099 1.9568 0.3156
0.0939 0.8276 1284 2.3973 2.2842 7.3290 3.2892 3.5817 0.3450
0.1942 0.8436 1290 1.8970 2.2201 7.1233 3.3763 4.9996 0.3468
0.2941 0.8640 1296 1.4437 21477 6.8909 3.4821 9.9265 0.3384
0.3942 0.8836 1300 1.1866 2.0872 6.6966 3.5776 11.0374 0.3341
0.4787 0.9068 1304 1.0904 2.0213 6.4853 3.6885 10.8499 0.33.8
0.5999 0.9316 1310 0.9311 1.9495 6.2551 3.8155 13.4125 0.3262
0.6972 0.9596 1318 0.7717 1.8697 5.9991 3.9663 17.4788 0.3236
0.7928 0.9876 1324 0.7171 1.8003 5.7762 4.1099 17.4788 0.3201
0.9035 1.0260 1332 0.6489 1.7121 5.4934 4.3085 19.1422 0.3166
1.0000 1.0616 1340 0.5885 1.6350 5.2460 4.4982 21.7624 0.3135
1,3-Dioxolane+Hexanol
24.74130 0.8176 1306 4.6091 2.2349 7.1709 3.3333 1.7591 0.4163
0.0912 0.8252 1317 3.3826 2.1775 6.9867 3.4069 2.7275 0.4112

167


http://www.sciencepg.com/journal/ajac

American Journal of Applied Chemistry http://www.sciencepg.com/journal/ajac

Internal Free Vol-

'1\/‘?_ Igiforfglt;c;]r; Dens_isty )/ Sound velc_)lci- Viscosity (1)) / II::?‘:?eOII:r?;[-h ;?(ieigitiil(i:t;om- pressure umZ(Vf) Enthalpey
(x1) m ty (u) / ms mPas. (LR X0Ym  (Bag)<107/ Parl (Pl)9 S ><130 . (H) <10
<10°/Nm™  M°mol

0.1955 0.8432 1320 2.3306 21214 6.8065 3.4931 4.5760 0.4003
0.2923 0.8584 1322 1.9839 2.0775 6.6657 3.5642 5.5051 0.3899
0.3982 0.8792 1325 1.5720 2.0192 6.4786 3.6629 7.5845 0.3787
0.4942 0.8992 1327 1.3059 1.9619 6.3154 3.7548 9.5968 0.3683
0.6059 0.9264 1330 1.0343 1.9019 6.1024 3.8815 12.9396 0.3567
0.6976 0.9508 1332 0.9131 1.8475 5.9279 3.9927 14.9307 0.465
0.8018 0.9836 1335 0.7680 1.7779 5.7045 4.1444 18.3980 0.3352
0.8914 1.0168 1337 0.7304 1.7147 5.5018 4.2939 18.9465 0.3254
1.0000 1.0616 1340 0.5885 1.6350 5.2460 4.4982 21.7624 0.3135

1,3-Dioxolane+Heptanol

0.0000 0.8196 1325 5.9066 2.1660 6.9497 3.4147 1.5030 0.4838
0.0928 0.8304 1334 43181 2.1091 6.7671 3.4949 2.3075 0.4725
0.1905 0.8412 1334 3.2577 2.0820 6.6802 3.5404 3.3296 0.4552
0.2939 0.8592 1335 2.5895 2.0353 6.5304 3.6202 4.4224 0.4373
0.3894 0.8740 1335 1.9926 2.0009 6.4199 3.6826 6.1746 0.4201
0.4818 0.8916 1336 1.5315 1.9584 6.2837 3.7609 8.6425 0.4042
0.6021 0.9184 1337 1.2190 1.8984 6.0912 3.8784 11.2315 0.3835
0.6952 0.9420 1337 1.0959 1.8509 5.9387 3.9780 12.3322 0.3667
0.7892 0.9756 1338 0.9903 1.7845 5.7255 4.1245 13.4017 0.3505
0.9006 1.0156 1339 0.7057 1.7116 5.4918 4.2985 20.4381 0.3309
1.0000 1.0616 1340 0.5885 1.6350 5.2460 4.4982 21.7624 0.3135

1,3-Dioxolane+Octanol

0.0000 0.8296 1350 7.1508 2.0764 6.6622 3.5546 1.3767 0.5619
0.0885 0.8296 1350 5.6095 2.0614 6.6139 3.5585 1.8692 0.5363
0.1967 0.8464 1349 3.9321 2.0235 6.4923 3.6225 2.9529 0.5100
0.2998 0.8560 1348 3.2616 2.0038 6.4291 3.6596 3.6234 0.4845
0.3902 0.8712 1348 2.4284 1.9688 6.3168 3.7245 5.2656 0.4629
0.4963 0.8876 1348 1.9058 1.9324 6.2002 3.7947 6.9577 0.4375
0.6008 0.9140 1347 1.3631 1.8794 6.0301 3.9032 10.5160 0.4117
0.6925 0.9340 1348 1.1376 1.8364 5.8921 3.9930 12.7180 0.3905
0.7975 0.9676 1348 0.9141 1.7726 5.6875 4.1367 15.9753 0.3652
0.8940 1.0104 1348 0.7652 1.6975 5.4466 4.3197 18.9060 0.3421
1.0000 1.0616 1340 0.5885 1.6350 5.2460 4.4982 21.7624 0.3135

1,3-Dioxolane+Nonanol

0.0000 0.8248 1366 8.9258 2.0251 6.4976 3.5970 1.1714 0.6291
0.0876 0.8336 1366 6.8601 2.0037 6.4289 3.6354 1.6286 0.6020
0.1913 0.8404 1363 5.8531 1.9963 6.4051 3.6530 1.8990 0.5684
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Internal Free Vol-

Mole_fractlon Density (p) / Sound veloci- Viscosity () / Intermolecu- adlab.at.u.: com- pressure  ume (Vf)  Enthalpy
1,3-Dioxolane 3 ) lar free length pressibility . 7 6
(x1) ty (u) / ms mPas. (LR X0Ym  (Bag)<107/ Parl (Pi) <10 (H) <10
ad x10°Nm?  M°mol*
0.2942 0.8504 1359 4.4022 1.9844 6.3671 3.6802 2.6620 0.5347
0.3963 0.8692 1355 3.1558 1.9529 6.2662 3.7449 3.9924 0.5014
0.4959 0.8844 1352 2.3340 1.9279 6.1859 3.7978 5.7014 0.4697
0.6050 0.9092 1349 1.7321 1.8837 6.0439 3.8913 7.9725 0.4354
0.6947 0.9332 1346 1.3334 1.8434 5.9145 3.9807 10.6902 0.4072
0.7993 0.9648 1343 0.9642 1.7910 5.7466 4.1018 15.3683 0.3744
0.9013 1.0084 1340 0.8031 1.7213 5.5228 4.2372 17.3683 0.3402
1.0000 1.0616 1340 0.5885 1.6350 5.2460 4.4982 21.7624 0.3135

1,3-Dioxolane+Decanol

0.0000 0.8292 1378 11.8027 1.9794 6.4976 3.6639 0.8971 0.6990
0.0881 0.8364 1374 8.5615 1.9638 6.4289 3.6797 1.3454 0.6634
0.191 0.8396 1370 7.8207 1.9578 6.4051 3.6977 1.4040 0.6226
0.2921 0.8560 1366 5.5340 1.9413 6.3671 3.7331 2.1400 0.5827
0.3937 0.8672 1362 4.2319 1.9374 6.2662 3.7654 2.8863 0.5429
0.4956 0.8824 1358 3.4173 1.9153 6.1859 3.8145 3.5598 0.5035
0.604 0.9076 1353 2.5370 1.8759 6.0439 3.9018 4.8971 0.4615
0.7129 0.9308 1348 1.5262 1.8427 5.9145 3.9793 9.1301 0.4198
0.7983 0.9616 1344 1.1637 1.7943 5.7466 4.0927 12.1810 0.3871
0.8971 1.0040 1340 0.8623 1.7288 5.5228 4.2541 16.4668 0.3505
1.0000 1.0616 1340 0.5885 1.6350 5.246 4.4982 21.7624 0.3135

. = / "‘-\-..\‘\ --\""\-\.,_\
et o203 4 as™ —
+_1-aklanol_(Binary Mixture)

1,3-dioxolane

1,3-dioxolane 1-aklanol

0.00
0.09
0.19
0.29
139
0.48
0.60
0.70
0.79
0.90
1.00

0.00 -

-0.05
decanol

—&— nonanol
-0.10
—&— octanol

heptanol

Excess Enthalpy(H")

—&— hexanol

—&— pentanol

-0.20

0.25 | Speed of sound measurement
Mole Fraction (3}

Scheme 1. Interactions between 1,3-dioxolane with 1-alkanols at 298.15K.
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Table 4. Excess thermodynamic parameters (8Z;, LE, VfE,piE and HE) for binary mixture of 1,3-dioxolane (1) + 1-alkanol (2) at 298.15K.

Excess Internal

Mole fraction Excess adiabatic com- Excess intermolecular ~ Excess Free Excess Enthal-

1,3-Dioxolane S 7 Eonnd E n T A3 1-1 pressure 6
o) pressibilityBE,><107/ Pa-1 free length LF>10/m  umeV§>10"M°mol pEsA0N2 py HEX10
1,3-Dioxolane + Pentanol

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0939 -0.0782 -0.0115 -0.5145 -0.0630 -0.0165
0.1942 -0.1248 -0.0515 -1.2381 -0.0879 -0.0224
0.2941 -0.1467 -0.0802 -1.8168 -0.1151 -0.0264
0.3942 -0.2136 -0.1767 -2.4698 -0.1616 -0.0283
0.4787 -0.2487 -0.1849 -2.5138 -0.2183 -0.0302
0.5999 -0.2260 -0.1709 -2.2127 -0.1972 -0.0281
0.6972 -0.1823 -0.0997 -1.7633 -0.1609 -0.0264
0.7928 -0.1603 -0.0798 -1.2781 -0.1192 -0.0216
0.9035 -0.0857 -0.0231 -0.7801 -0.0764 -0.0189
1.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1,3-Dioxolane+Hexanol

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0912 -0.07423 -0.0127 -1.1275 -0.0526 -0.0142
0.1955 -0.1874 -0.037 -1.8761 -0.0679 -0.024
0.2923 -0.1345 -0.0795 -2.8817 -0.1096 -0.0306
0.3982 -0.197 -0.1632 -3.3261 -0.1543 -0.0333
0.4942 -0.2321 -0.198 -3.7201 -0.2042 -0.0328
0.6059 -0.2147 -0.1825 -3.3444 -0.1876 -0.0306
0.6976 -0.1987 -0.0971 -2.8519 -0.1632 -0.0269
0.8018 -0.1524 -0.069 -1.789 -0.1229 -0.0233
0.8914 -0.0914 -0.0245 -0.830 -0.0878 -0.0157
1.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1,3-Dioxolane+Heptanol

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0928 -0.0685 -0.0176 -1.3519 -0.0603 -0.0134
0.1905 -0.1745 -0.0472 -2.615 -0.0807 -0.0204
0.2939 -0.1426 -0.0854 -3.9103 -0.1129 -0.0255
0.3894 -0.189 -0.1717 -4.3773 -0.1540 -0.0281
0.4818 -0.2367 -0.1842 -4.4567 -0.2258 -0.0305
0.6021 -0.2203 -0.1791 -4.2632 -0.2087 -0.0282
0.6952 -0.2004 -0.0944 -3.3260 -0.1754 -0.0253
0.7892 -0.1766 -0.0776 -2.4409 -0.1453 -0.0211
0.9006 -0.0765 -0.0238 -1.4933 -0.0920 -0.0155
1.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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Excess Internal

Mole fraction . o< adiabatic com- Excess intermolecular ~ Excess Free Excess Enthal-

1,3-Dioxolane S g 7 E ot Eon -Th A3 11 pressure 6
(x1) pressibilityBg;><10"/ Pa-1 free length L¢>10"/m  umeV¢>10""M>mol PEXI0% /N py HEx10
1,3-Dioxolane+QOctanol

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0885 -0.077 -0.01241 -1.575 -0.0835 -0.0136
0.1967 -0.109 -0.0439 -3.6097 -0.1177 -0.0195
0.2998 -0.192 -0.0797 -4.7580 -0.1779 -0.0229
0.3902 -0.207 -0.1646 -5.6279 -0.1983 -0.0271
0.4963 -0.241 -0.1751 -6.0149 -0.2282 -0.0299
0.6008 -0.219 -0.1682 -5.5981 -0.2183 -0.0289
0.6925 -0.211 -0.0967 -4.6387 -0.2150 -0.0251
0.7975 -0.155 -0.0742 -3.0346 -0.1704 -0.0214
0.8940 -0.051 -0.0257 -1.3586 -0.0785 -0.0144
1.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1,3-Dioxolane+Nonanol

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0876 -0.071 -0.0128 -1.6075 -0.0705 -0.0115
0.1913 -0.147 -0.0458 -3.781 -0.1168 -0.0163
0.2942 -0.238 -0.0741 -5.4436 -0.1819 -0.0225
0.3963 -0.265 -0.1685 -6.5197 -0.2092 -0.0246
0.4959 -0.309 -0.1863 -7.1582 -0.2461 -0.0268
0.6050 -0.304 -0.1796 -7.0586 -0.2209 -0.0247
0.6947 -0.286 -0.0993 -5.9552 -0.1924 -0.0226
0.7993 -0.249 -0.0777 -3.6424 -0.1555 -0.0193
0.9013 -0.153 -0.0378 -1.6685 -0.1121 -0.0144
1.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1,3-Dioxolane+Decanol

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0881 -0.0794 -0.01247 -1.6524 -0.0977 -0.0164
0.191 -0.2059 -0.0642 -4.0473 -0.1456 -0.0275
0.2921 -0.2325 -0.0725 -5.7219 -0.1745 -0.0374
0.3937 -0.3002 -0.1936 -7.4983 -0.2269 -0.0431
0.4956 -0.3418 -0.2066 -9.1545 -0.2630 -0.0442
0.604 -0.3352 -0.1905 -8.4018 -0.2560 -0.0421
0.7129 -0.3492 -0.1188 -5.7655 -0.2294 -0.0371
0.7983 -0.2882 -0.0741 -3.7509 -0.1972 -0.0284
0.8971 -0.1873 -0.0584 -1.8209 -0.1583 -0.0186
1.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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The derived excess parameters such as (L7), (B54), (HE),
(pE) and (V#)at the above temperature 298.15K are summa-
rized in Table 4. These parameters have been calculated us-
ing the following equations.

In the year 1952, Jacobson [24, 25], suggested an empirica
I relation for calculating the free length (L) of liquids. Inter
molecular free length (L;), can be calculated from the adia-
batic compressibility(8,4) by the relation given below

Li=K ﬁ;éz

@)

Where K is temperature dependent constant and Sis the
isentropic compressibility, which is given by the relation.

Bad: u_zp_l

Where u is the sound velocity and p is the density of liquid.

The adiabatic compressibility (8,4) has been calculated
from the ultrasonic velocity (u) and density (p)of the medi-
umusing the equation as [26, 27].

)

.Bad :u_zp_l

Baa= Baa— X1Baan~ XeBaar2 (3)
where B,4Bqq.1 and Bqq,2 are the isentropic compressibilities
of the mixture, pure component 1 and pure component 2,
respectively.

According to Bingham [28] and Macleod [29] free volume
( V¢ )canbecalculatedfromthesoundvelocityandviscositybythe
relation given below

Vi= (MU k¥ (4)

Where M is the molecular weight (gm)

U is the sound velocity (cm/sec)

n is the viscosity (poise)

k is the constant, equal to 4.28>10°, independence of tem-
perature and V¢ the free volume is in milliliters per mole.

On the basis of dimensional analysis, using free volume
concept, the following expression can be used for calculating
internal pressure The internal pressure of a liquid can also be
evaluated by using the equation proposed by Suryanarayana
[30, 31].

2

o3
7

6
Merr

p; = bRT(’;—”ﬁ )

where b is the packing fraction of the liquid which is taken
equal to 2 for most of the liquids, k is a constant equal to
4.28x10°%, Mer (= X:M; + X,M,) is the effective molecular
mass and M is the molar mass of the mixture of pure liquid
andTisabsolutetemperature.
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Enthalpy (H) can be calculated by the following equation
[32].
H=V,xP; (6)
WhereV,, is molar volume and P;is internal pressure.
The molar volume V,,calculated from the measured values

of density (p), molar volume(V},,) was calculated using there-
lation.

_(X1M1+X,M3)

m p

Where X,, X, and M, , M, arethemolefractionandmolecular-
weight of the component 1 and 2 respectively.

The excess thermodynamic function (Y%) provide a way
to represent directly the deviation of a solution from ideal
behaviour. The difference between the thermodynamic func-
tion of mixing for a real system and the value corresponding
to a perfect solution at the same temperature, pressure and
composition is called the thermodynamic excess function,
denoted by YE. Excessvaluesforalltheparametersarecom-
putedusingthegeneralformula.

YE=Yexp—(X; Y1 +X, Y2) O

Where Y represents the parameter such as intermolecu-
larfree length, free volume, internal pressure, adiabatic com-
pressibility and entropy and X; and X, are the mole fractions
of components whose parameters.

A perusal of Table 2 shows the mole fraction (X;) of 1,3-
dioxolane increases, density and ultrasonic velocity

increase, while ViSCOSIty decreases. This trend can be ex-
plained by molecular interactions in the system [33]. When
1,3-Dioxolane is added, it likely leads to closer packing of
molecules due to molecular interactions, such as dipole-
induced dipole forces.

The experimental values of ultrasonic velocity (u), density
(p) at temperatures 298.15K along with the calculated values
of excess intermolecular free length L, are given in Table 4
for 1,3-dioxolane + pentanol, 1,3-dioxolane + hexanol, 1,3-
dioxolane + heptanol, 1,3-dioxolane + octanol, 1,3-dioxolane
+ nonanol and 1,3-dioxolane + decanol mixtures respectively.
The values of Lj’f are plotted against the mole fraction of 1,3-
dioxolane are shown in Figure 1. The important effects
which are expected to contribute to the value of excess func-
tions in the present work are arbitrarily divide into physical,
chemical and structural contributions: (1) Physical contribu-
tions comprise non-specific physical interactions. (2) Chemi-
cal effects occur due to the breaking up of the liquid order of
associated species. (3) Structural effects take place due to the
geometrical fitting of 1,3-dioxolane and 1-alkanols into the
voids created by each other and also due to differences in
molar and free volumes of these components. Each factor
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makes positive or negative contribution to the resultant val-
ues of excess function and the magnitude of the contribution
is dependent on mole fraction range. The sign and magnitude
of excess intermolecular free length L,"Zplay an important role
in assessing the molecular interactions between the compo-
nent molecules in the liquid mixtures. Excess intermolecular
free length L? has been found to be negative for all six binary
mixtures, over the whole mole fraction range (Figure 1).

0.00
0.09
0.19
0.29
0.39

0.48

Negative values of Ljf suggest that the structure is less com-
pressible than the corresponding ideal mixture, suggesting
that there may be intermolecular hydrogen bonding between
ether and 1-alkanols. This is in accordance with a view pro-
posed by Fort and Moore [34] according to which liquids of
different molecular size usually mix with decrease in volume
yielding negative L} values.

0.60
0.70
0.79
0.90
1.00

-0.2

-0.4

-0.6

-0.8

Excess mtermolecular Free length (L)

-1.2

decanol
—8— nonanol
—8— octanaol

heptanol

—8— hexanol

=8 pentanaol

Mole Fraction (X;)

Figure 1. Variation of excess intermolecular free length (L]‘f) with mole fraction(x1) of 1,3-dioxolane with 1-alkanols at 298.15K.
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0 =% | —
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= =i OCtanol
]
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2
® —i— hexanol
=
= 1
g === pentanol
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4 -1.2
o
-
4]

-1.4

-1.6

Mole Fraction

(6.6))

Figure 2. Variation of excess adiabatic compressibility (8Z,) with mole fraction (x;) of 1,3-dioxolane with 1-alkanols at 298.15K.

We have calculated excess adiabatic compressibility (8%;),
at 298.15K for the binary mixtures of 1,3- dioxolane (1) with
the 1-alkanols (2). The variations of the excess properties
over the entire range of compositions for the binary mixtures
are depicted in Figure 2. The value of the excess adiabatic
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compressibility (BE,), was found to be negative for the 1,3-
dioxolane and 1-alkanols mixture, but the magnitude of neg-
ative value decreases with increasing chain length of the al-
cohols in the series (Figure 2). The trend it follows is,

Pent.OH <Hex.OH <Hept.OH <Oct. OH <Non.OH <
Dec.OH
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Hydrogen bonding

N
@ [ H-O—~(CH,),—CH;

-/

Hydrogen bonding

CHs—(CH2),-O-H

Figure 3. Hydrogen bonding present in 1,3-dioxolane— n-
alkanols.

The negative excess adiabatic compressibility (8Z,), val-
ues indicate the presence of strong molecular interactions
between the components of the mixture. Several effects may
contribute to the value of (B£;), such as [35-37] (a) dipolar
interactions, (b) interstitial accommodation of one compo-
nent into the other and (c) possible hydrogen-bond interac-
tions between unlike molecules. The actual volume change,
therefore, depends on the relative strength of these three ef-
fects. It is known fact that as the number of C-atoms of the
alkyl group increases, the electron releasing ability (+1 effect)
increases, thereby decreasing the polarity of the O----H bond
of the 1-alkanols. Consequently, Pent.OH having the highest
polarity achieves the most favorable intermolecular H-
bonded interactions with the cyclic diether molecules. More-
over, its simple structure and smaller size leads to interstitial
accommodation with 1, 3-dioxolane molecules more easily
compared to the higher 1-alkanols that have greater structural
complexity. Similar results have been reported earlier.[38,
39].

The concept of free volume is an extension of the idea that
each molecule is enclosed by its neighbor in a cell. The free
volume per molecules may be regarded as the effective vol-
ume accessible to the centers of a molecule in a liquid. It is
however, evident from the consideration of the liquid state
theories that the concept of free volume varies with the spe-
cific model chosen for the liquid. The excess free
ume(VfE) is another important parameter through which mo-
lecular interactions can be explained. A perusal of Figure 4
shows that the value of excess Free Volume(V/), are nega-
tive for the all binary liquid system 1,3-dioxolane with 1-
alkanolsat 298.15 K. In the present investigation the negative
excess free volume (V) for binary mixtures of ethyl acetate
with alkanols may be attributed to hydrogen bond formation
through dipole-dipole interaction between alkanol and 1,3-
dioxolane molecule or to structural contributions arising
from the geometrical fitting of one component (alkanol) into
the other (1,3-dioxolane) due to difference in the free volume
between components. In the present investigation the nega-
tive excess free vqume(VfE), for binary mixtures of 1,3-
dioxolane with 1-alkanols may be attributed to hydrogen
bond formation through dipole-dipole interaction between 1-
alkanol and 1,3-dioxolanemolecule or to structural contribu-
tions arising from the geometrical fitting of 1-alkanol into
the 1,3-dioxolanedue to difference in the free volume be-
tween components.

000 0.09 019 029 039 048 060 070 079 050 1.00
0.0 — —
-5.0
-10.0
decanol
g
k= nonanol
8 -15.0
TB —#— octanol
£
% 200 heptanol
¢ =—— hexanol
&4
250 =—#— pentanol
-30.0
-35.0 :
Mole fraction X,

Figure 4. Variation of excess Free Vqume(VfE, with mole fraction(x,) of 1,3-dioxolane with 1-alkanols at 298.15K.

Figure 4 indicate that(VF), values are negative for 1,3-
dioxolane + pentanol, 1,3-dioxolane + hexanol, 1,3-
dioxolane + heptanol, 1,3-dioxolane + octanol, 1,3-dioxolane
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+ nonanol and 1,3-dioxolane + decanol mixtures over the
entire mole fraction range. The observed trends in(VE), val-
ues for 1,3-dioxolane + 1-alkanols mixtures indicate the
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presence of specific interactions between 1,3-dioxolane and
1-alknols molecules in these mixtures. The magnitude ofVE
values follow the sequence: Decanol > Nonanol > Oc-
tanol >Heptanol > Hexanol > Pentanol. which in turn indi-
cate the interactions in the same order.

Here it is observed that the magnitude of negative values
increases with increasing chain length of the alcohols. Alco-
hol molecules self-associate very strongly (OH----OH inter-
action), whereas the cyclic diether, 1,3-dioxolane, molecules
self-associate rather marginally. This has a dramatic influ-
ence on the thermo-physical properties studied. The negative
value for the 1,3-dioxolane + pentanol, 1,3-dioxolane + hex-
anol, 1,3-dioxolane + heptanol, 1,3-dioxolane + octanol, 1,3-
dioxolane + nonanol and 1,3-dioxolane + decanol mixture
indicates favorable intermolecular complexation through H-
bonding, i.e., O----O----H----O. This interaction can be con-
sidered as the H-bond formation between the alcohols as
Lewis acids and the cyclic diether as a Lewis base [35, 40].

The internal pressure is a cohesive force, which is the re-
sult of attractive and repulsive forces between the molecules.
The attraction forces mainly consist of hydrogen bonding,
dipole-dipole and dispersion interactions. Repulsive forces
acting over very small intermolecular distances play a minor
role in the cohesion process under normal circumstances.

Figure 5 shows the variation of excess internal pressure
(pEywith mole fraction of 1,3-dioxolane at the temperature
298.15K. The excess internal pressure (pf) is another im-
portant parameter through which molecular interactions can
be explained. In the present investigation for the six binary
systems it is observed that, as the mole fraction of 1,3-
Dioxalane increase, the (pf) values decreases. The values of
(pE) are almost negative. More over the (pf) decrease with
increase in X 1. This situation is observed for all six binary
system under study and can be viewed from plots Figure 5.

Excess internal pressure (pf) is found to be negative for
six the binary mixtures over the entire composition range at
the temperature 298.15K, which suggest the presence of
weak intermolecular interaction. It can be seen from Figure 5
that in all the six mixtures, absolute values of decreases as
concentration raised of 1,3-Dioxalane. An increment of con-
centration (X;) diminishes the self association of the pure
component and also the hetero association between unlike
molecules, because of the increase of the thermal energy.
This lead to less negative values of as concentration is raised
as observed in the present binary mixtures. Many workers
[41, 42] have reported similar behaviour where negative val-
ues of indicates dispersive interactions.

00 01 02 03 04 05 06 07 08 09 1.0
D — —
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% 06 nonanol
o
-y e octanol
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a heptanol
2 o4
P === hexanol
a
=
g 1.2 === pentanol

-1.4

-1.6

Mole Fraction (3;)

Figure 5. Variation of excess internal pressure (pf) with mole fraction(x,) of 1,3-dioxolane with 1-alkanols at 298.15K.

Excess enthalpy (HE ) is a crucial thermodynamic quantity
that reflects the energetic changes occurring upon mixing.
The value of HE is inherently dependent on temperature, as
thermal energy influences intermolecular interactions. Gen-
erally, the magnitude and sign of HE change with tempera-
ture: attractive forces may weaken with increasing thermal
agitation, leading to reduced exothermic effects or even
shifts toward endothermic mixing. Conversely, certain mix-
tures may exhibit enhanced exothermicity at higher tempera-
tures due to structural reorganization or association phenom-
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ena. The sign and magnitude of HE provide direct infor-
mation about the nature of intermolecular forces in the mix-
ture. In contrast, negative HE values reflect exothermic mix-
ing and imply that stronger intermolecular attractions, such
as hydrogen bonding, dipole-dipole interactions, or specific
complex formation, occur upon mixing. Thus, the analysis of
HE offers a powerful means to assess compatibility, misci-
bility, and interaction strength between molecular species.
Excess molar enthalpy serves as a direct measure of the
strength and nature of intermolecular interactions between
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components in a binary liquid mixture. Attractive forces,
such as hydrogen bonding or van der Waals interactions,
contribute favorably to the excess enthalpy, while repulsive
forces, arising from steric hindrance or electrostatic interac-
tions, can lead to a decrease in the excess enthalpy. The tem-
perature dependence of excess molar enthalpy offers a nu-
anced perspective on how these molecular interactions
evolve with changing thermal conditions.

Figure 6 shows the variation of excess enthalpy (HF) with
mole fraction of 1,3-dioxolaneat the temperature 298.15K
For the binary system 1,3-dioxolane with 1-alkanols, the
excess enthalpy (HF) values are negative and decreasing with
the increase in mole fraction of 1,3-dioxolane up to the mole
fraction and the increase with increase in mole fraction. The
excess enthalpy (HF) is another important parameter through
which molecular interactions can be explained. In the present
investigation for the six binary systems it is observe that, as
the mole fraction of 1,3-dioxolaneincrease, the excess en-
thalpy (HF) values decreases. This situation is observed for
all six binary system under study and can be viewed from
plots Figure 6. 1,3-dioxolane is a polar solvent with a struc-

ture that is determined to a large extent by hydrogen bonding.

In mixtures of 1,3-dioxolane with an organic liquid at least
two effects must be taken into account: hydrogen bond for-
mation between 1,3-dioxolane and the polar group of the
solute molecule and structural modification of 1,3-dioxolane
around the solute molecule [43]. According to Nakayama

and Shinoda [43], the dependence of the excess enthalpy for
the present mixtures may be explained as a balance between
positive contributions (hydrogen bond rupture or dispersive
interactions between unlike molecules) and negative contri-
butions (intermolecular dipolar interactions or geometrical
fitting between components). The behavior of all considered
systems containing 1-alkanols is governed by aggregate for-
mation through hydrogen bonding, where 1-alkanols self-
association and its complex formation with the proton donors
compete. When 1-alkanols is diluted, there is a positive con-
tribution to H from the breaking of hydrogen bonds between
the alcohol molecules. This effect is relatively more im-
portant at low pentanol concentrations than at high concen-
trations, where the dissociation of the less associated mole-
cules predominates. The negative values of excess enthalpy
in the 1-alkanols -rich region are then essentially due to the
hydrogen bonded interaction between the hydroxyl oxygen
of 1-alkanols and the hydrogen of the other compound and
due to the specific interaction between the hydroxyl hydro-
gen of l-alkanols with the oxygen (1,3-dioxolane) of the
other component.

As a result, the free dipoles released from the alkanols in
association with 1,3-dioxolane molecules forming strong
hydrogen bonds, hence stronger molecular association exist-
ing between the 1,3-dioxolane with 1-alkanols molecules
through hydrogen bonding [44-46].

0.00 0.09 0.19 0.29 0.39 0.48 0.60 0.70 0.79 0.90 1.00

0.00 = =
-0.05
g decanol
=y nonanol
& -0.10
g —a—octanol
@ heptanol
§ -0.15
i —8—hexanol
=—8—pentanol
-0.20
-0.25

Mole Fraction (X))

Figure 6. Variation of excess enthalpy (HF) with mole fraction(x,)of 1,3-dioxolane with 1-alkanols at 298.15K.

Figure 7 this suggests that dipole and dispersive forces are
dominant in these systems at low 1,3-dioxolane concentra-
tions. As the concentration of 1,3-dioxolane increases, the
nature of the interactions shifts from weak to strong, indicat-
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ing the onset of specific interactions. This observation is
consistent with the trends observed for the other parameters
discussed above. As a result, forming of strong hydrogen
bonds.
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Figure 7. Show that Hydrogen bonding and Molecules fitting.

4. Conclusion

We measured sound velocity, density and viscosity of 1,3-
dioxolane with 1-alkanols experimentally at 298.15K. The
calculated intermolecular free length (L), excess Intermo-
lecular free length (L?), adiabatic compressibility(8,4), €x-
cess adiabatic compressibility (BE,), enthalpy (H), excess
enthalpy (HF), internal pressure (P;), excess internal pressure
(pE), Free Volume (V;) and excess Free Volume (VfE)strong-
ly confirm the presence of strong molecular interactions be-
tween the unlike molecules through the hydrogen bonding.
After a through study of the behavior of 1-alkanols and 1,3-
dioxolane, we get a clear idea about the type and amount of
molecular interactions between the components. In addition,
molecular interactions are confirmed from the negative val-
ues of excess intermolecular free length (Lﬁ), excess adia-
batic compressibility (SZ,), excess enthalpy (HF), excess
internal pressure (pE) and excess Free Vqume(VfE ). Hence it
is concluded that there exist a molecular interaction between
1,3-dioxolane and 1-alkanolsduetoHydrogenbonding.

Abbreviations

p Densities of Liquid

u Ultrasonic Velocity

n Viscosity

X1 Mole Fraction of 1,3-Dioxolane
T Temperature

(Bad)  Adiabatic Compressibility

(BE,)  Excess Adiabatic Compressibility
(Lf) Inter Molecular Free Length

(Lf) Excess Inter Molecular Free Length
(H) Enthalpy

(HE)  Excess Enthalpy

(V) Free Volume
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(VF)  Excess Free Volume,

(Pi) Internal Pressure

(pF)  Excess Internal Pressure

YE Thermodynamic Excess Function

Acknowledgments

The authors gratefully acknowledge to Uttar Pradesh
Council of Science and Technology, Lucknow (No.
CST/CHEM/D-648 dated 01/08/2024) for financial support
(Project ID: 3409).

Author Contributions

Dhirendra Kumar Sharma: Writing — original draft,
Writing — review & editing

Suneel Kumar: Conceptualization, Data curation, Formal
Analysis

Chandra Pal Prajapati:
Software

Sandeep Sahu: Project administration, Validation, Visual-
ization

Investigation, Methodology,

Conflicts of Interest

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

References
[1] M. N. Roy, A. Choudhury, and A. Sinha, J. Teach. Res. Chem.
11, 12 (2004).

[21 D. K. Hazra, M. N. Roy, and B. Das, Indian J. Chem. Techno.

1, 93 (1994).


http://www.sciencepg.com/journal/ajac

American Journal of Applied Chemistry

http://www.sciencepg.com/journal/ajac

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

M. N. Roy and A. Choudhury, J. Teach. Res. Chem. 1, 17
(2000).

M. N. Roy, B. B. Gurung, and A. Choudhury, J. Indian Chem.
Soc. 81, 1 (2004).

S. L. Oswal and H. S. Desai, Fluid Phase Equilib. 161, 191
(1999).

S. L. Oswal and H. S. Desai, Fluid Phase Equilib. 186, 81
(2001).

R. Palani, S. Saravanan and R. Kumar, Ultrasonic studies on
some ternary organic liquid mixtures at 303, 308 and 313K,
Rasayan J. Chem., 2(3), 622-629, (2009).

D. K. Sharma, A. K. Trivedi and C. P. Prajapati, An Ultrasonic
Exploration of Physico-chemical Properties for Mixtures of
Cyclic Diether (1,3-dioxolane) with 1-alkanols (C5-C10) at
298.15K. American Journal of Physical Chemistry, 14(3), 51-
62,(2025).

D. K. Sharma and Seema Agarwal, Viscosities and excess
thermodynamic properties of binary liquid mixtures of cyclic
ether with 1-alkanols at 303.15K. American Journal of Engi-
neering Research (AJER), 14(7), 59-69, 2025.

D. K. Sharma, S. Kumar and A. Khan, Analysis of Thermo
Physical Properties of Binary Liquid Mixtures Containing
Cyclic Diether with n-Alkanols (C5-C10) at 298.15 K: By Ul-
trasonic Velocity Measurements. Open Journal of Physical
Chemistry, 15(2), 27-39, 2025.

M. F. Bolotnikov, Y. A. Neruchev, V. N. Melikhov, Verveyko
and M. V. Verveyko, Temperature dependence of the speed of
sound, densities and isentropic compressibility of hexane +
hexadecane in the range of (293.15 to 373.15) K, J. Chem.
Eng. Data, 50, 1095-1098, (2005).

C. Vall&, E. Péez, A. M. Mainar, J. Santafé and M.
Domnguez, Excess enthalpy, density, speed of sound, and
viscosity for 2-methyltetrahydrofuran + 1-butanol at (283.15,
298.15, and, 313.15) K”, J. Chem. Eng. Data, 51, 1105-1109,
(2006).

A. H. Zainab, T. A. Al-Dulaimy, Dhafir, Al-Heetim, Husam
Saleem Khalaf and Abbas, Ahmed Mohammed, Excess molar
quantities of binary mixture of dipropyl amine with aliphatic
alcohols at 298.15 K. Oriential Journal of Chemistry, 34(4),
2074-208, (2018).

G. P. Dubey and Monika Sharma, Excess volumes, densities,
speed of sound and viscosities for the binary systems of 1-
Octanol with hexadecane and squalane at (298.15, 303.15 and
308.15)K. Int. J Thermo phys. 24, 1361-1375, (2008).

J. A. Al-Kandary, A. S. Al-Jimaz and A. H. M. Abdul-Latif,
Densities, viscosities, speeds of sound and refractive indices
of binary mixtures of tetra hydro furan with 1-hexanol, 1-
heptanol, 1-octanol, 1-nonanol, 1-decanol at 298.15, 303.15,
and 313.15 K. Physics and Chemistry of Liquids, 47(2), 210-
224, (2009).

M. Indumati, G. Meenakshi, V. J. Priyadharshini, R.
Kayalvizhi and S. Thiyagaraj, Theoretical evaluation of ultra-

178

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]
[25]

[26]

[27]

[28]

[29]

[30]

[31]

sonic velocity and excess parameters in binary liquid mixtures
of bromobenzene with alkanols. Research Journal of Pharma-
ceutical, Biological and Chemical Science, 4(2), 1332-1384,
(2013).

R. Chanda, A. Banerjee and R. N. Mahendra, Studies of vis-
cous antagonism, excess molar volumes, viscosity deviation
and isentropic compressibility of ternary mixtures containing
N, N-di methyl formamide, benzene and some ethers at
298.15 K. Journal of Serbian Chemical Society, 75(12), 1721-
1732, (2010).

I. Giner, M. Haro, I. Gascon and C. Lafuente, Thermodynamic
properties of binary mixtures formed by cyclic ethers and
chloro alkanes. Journal of Thermal Analysis and Calorimetry,
2, 587-595, (2007).

A. Kumar and C. Srinivasu, Speeds of Sound and Excess molar
volume for binary mixture of 1,4-Dioxane with 1-Heptanol at five
Temperatures. Advance in Chemistry, 1-7, 2014.

C. Bhatia Subhash, R. Rani, J. Sangwan and R. Bhatia, Densi-
ties, viscosities, speed of sound, refractive indices of binary
mixtures of 1-Decanol with Isomeric Chloro toluene. Int J
Thermo phys, 32, 1163-1174, (2011).

P. K. Banipal, V. Singh, N. Kaur, R. Sharma, S. Thakur, M.
Kaur and T. S. Banipal, Physico-Chemical studies on binary
mixtures of 1,4-Dioxane and Alkan-1-ols at 298.15K, Acad.
Sci. India. Sec. A Phys. Sci. 88(4), 479-490, (2017).

V. Venkatalakshmi, M. Gowrisankar, P. Venkateswarlu and K.
S. Reddy, Density, Ultrasonic velocity and their excess pa-
rameters of the binary mixtures of 2-Methyl-aniline with 1-
Alkanols (C3-C8) at different temperatures, International
Journal of Physics and Research, 3(5), 33-44, (2013).

N. Santhi and J. Madhumitha, Molecular interaction studies in
binary liquid mixture through ultrasonic measurememts at
303.15K, International Journal of Advanced Chemistry, 2(1)
12-16,(2014).

B. Jacobson Jacobson, J. Chem Phys., 20, 927, (1952).

B. Jacobson, Acta Chem Scand, 5, 1214, (1952), 6, 1485,
(1952).

H. Artigas, C. Lafuente, M. C. Lopez, F. M. Royo, and J. S.
Urieta, Zeit. Phys. Chem. 215, 933 (2001).

I. Gascon, S. Martin, P. Cea, M. C. Lopez, and F. M. Royo, J.
Solution Chem. 31, 905 (2002).

E. C. Bingham, Fluidity and Plasticity, McGraw Hill, New
York, (1922).

D. B. Macleod, “On a direct calculation of the viscosity of a
liquid, both under ordinary pressures and high pressures, from
the viscosity of its vapour, on the basis of a new equation of
state”, Trans Faraday Soc., 41, 771-777, (1945).

C. V. Suryanarayana and J. Kuppusami, J. Acoust. Soc. Ind. 4,
75 (1976).

C. V. Suryanarayana, Ind. J. Pure Appl. Phys. 27, 751 (1989).


http://www.sciencepg.com/journal/ajac

American Journal of Applied Chemistry

http://www.sciencepg.com/journal/ajac

[32]

[33]

[34]

[35]

[36]
[37]
(38]

J. H. Hildebrand, R. L. Scott, Regular Solutions (Prentice Hall,
Englewood Cliffs, New Jersey, 1962).

J. D. Pandey, R. D. Rai, R. K. Shukla, A. K. Shukla and N.
Mishra, Ultrasonic And Thermodynamic Properties Of Qua-
ternary Liquid System At 298.15 K, Indian J. Pure Appl. Phys.
31, 84-90, (1993).

R. J. Fort and W. R. Moore, Adiabatic Compressibility In
Binary Liquid Mixtures, Trans. Faraday Soc. 61, 2102-2110,
(1965).

M. C. S. Subha and K. C. Rao, J. Phys. Chem. Liqg. 18, 185
(1988).

A. Assarsson and F. R. Eirich, J. Phys. Chem. 72, 2710 (1968).
E. A. Muller, J. Chem. Eng. Data 36, 214 (1991).

P. Brocos, E. Calvo, A. Pineiro, R. Bravo, and A. Amigo, J.
Chem. Eng. Data 44, 1341 (1999).

179

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

A. Amigo, R. Bravo, and M. Pintos, J. Chem. Eng. Data 38,
141 (1993).

P. S. Nikam and M. Hasan, J. Chem. Eng. Data 33, 165 (1988).

P. J. Victor, D. K. Hazra. J. Chem. Eng. Data, 47(1), 79,
(2002).

J. L. Trenzado, J. S. Matos, R. Alcalde. Fluid Phase Equilib.,
200, 295 (2002).

H. Nakayama, K. Shinoda J. Chem. Thermodynamics 3, 401-
405, (1971).

R. Gaba, N. Kaur, A. Pal, D. Sharma, J. Mol. Lig. 380,
121766, (2023).

H. Kaur, N. Chakraborty, K. C. Juglan, A. Upmanyu, J. Mol.
Lig. 392, 123403, (2023).

T. Sharma, R. Rani, A. Kumar, R. K. Bamezai, J. Mol. Liq.
300, 111985, (2020).


http://www.sciencepg.com/journal/ajac

