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Introduction

Thermodynamic properties derived from the measurement of density, ultrasonic velocity and
viscosity for binary mixtures are useful in understanding the nature and type of inter molecular
interactions between the component molecules [1, 2]. The estimation of different thermody-
namic properties is essential for understanding the interactions occurring in components of
unlike molecules. In recent years, there have been considerable interests in theoretical and
experimental investigation of the excess thermodynamic properties of polymers [3-5]. The
measurement of ultrasonic velocity has been used to elaborate the molecular associations in
pure liquids and liquid mixtures. Ultrasonic techniques are highly sensitive to molecular inter-
actions and can be used to accommodate qualitative information about the physical nature and
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strength of molecular interaction in liquid mixtures. The excess
thermodynamic and acoustic properties are very essential for
understanding the physicochemical behavior and solute—solvent
interactions of the binary and multi-component liquid mixtures.
The study of molecular associations in liquid mixtures having an
alcohol as one component is of particular interest since alcohols
are strongly self-associated liquids with a three-dimensional net-
work of hydrogen bonds and can be associated with any other
group having some degree of polar attractions [6-7]. Alcohols
exist in the form of aggregates. When they are mixed with other
non-polar molecules, the aggregates of alcohols dissociate and
form intermolecular complexes with unlike molecules. Excess
thermodynamic properties provide an information for the nature
of inter molecular and intra molecular interactions in the liquid
mixture. The negative excess values indicate the strong interac-
tions and the positive values show weak interactions between the
component’s liquid. Excess thermodynamic and thermos acous-
tic parameters were discussed in terms of the difference in mo-
lecular structure and intermolecular forces between the compo-
nents of the system. Thus, an attempt has been made to explicate
the molecular interaction between the binary liquid mixtures of
1,3-dioxolane with 1-alkanols. Alkanols are used as hydraulic
fluids in pharmaceutical and cosmetics, in medications for ani-
mals, in manufacturing of perfumes, paint removers, flavors and
dyestuffs, as defrosting and as an anesthetic agent. The experi-
mental results have been used to discuss the nature of interaction
between unlike molecules in terms of hydrogen bonding [8]. The
nature and relative strength of the molecular interaction between
the components of the liquid mixtures have been successfully
investigated by the ultrasonic methods. Thermodynamic and
transport properties of binary liquid mixtures with different or-
ganic liquids have been studied by many workers.

Thermodynamic studies of binary liquid mixtures have attract-
ed much attention of scientists. These excess values of enthalpy
(HF), available volume (V %), relaxation strength (r*) and surface
tension (SF) in binary liquid mixture are useful in understanding
the solute-solvent interactions [9, 10]. In recent years ultrasonic
study of liquid and liquid mixtures has gained much importance
during the last four decades in assessing the nature of molecu-
lar interaction and investigating the physiochemical behavior of
system. In the present paper we have report the results of study
on binary liquid mixture of 1,3-dioxolane over the entire range
of composition at 298.15K. By using the experimental data of

sound velocity (u), viscosity () and density (p), various acous-
tical parameters like excess enthalpy (HF), excess available
volume (V' %), excess relaxation strength (r*) and excess surface
tension (SF) have been calculated the mixture. The binary liquid
mixtures studied in this paper are as follows:

(1) 1,3-dioxolane- 1-pentanol
(i1) 1,3-dioxolane- 1-hexanol
(iii) 1,3-dioxolane- 1-heptanol
(iv) 1,3-dioxolane- 1-octanol
v) 1,3-dioxolane- 1-nonanol
(vi) 1,3-dioxolane- 1-decanol

Materials and Methods

The chemicals used are of A.R grade and used without further
purification. The liquid mixtures were prepared by mixing the
calculated value of molar concentration in an air tight glass bot-
tles to minimize the evaporation and contamination of the sol-
vent. The velocities of ultrasonic waves in the liquid samples
have been measured using an ultrasonic interferometer working
at a fixed frequency of 3 MHz supplied by Mittal Enterprises
New Delhi. The temperature of the liquids in the measuring cell
is stabilized by a water circulation thermostat which maintains
the temperature within the accuracy of + 0.2 C. The density is
measured using a 5 ml specific gravity bottle with experimen-
tal liquid immersed in a temperature-controlled water bath. The
viscosities of the pure and liquid mixture are measured using
an Ostwald’s Viscometer. The chemicals used were of analytical
grade and 1,3-dioxolane, pentanol, hexanol, heptanol, octanol,
nonanal, decanal purchased from CDH New Delhi, India. 1,3-di-
oxolane (CDH New Delhi, India) was supplied with purity >
99.7 %, pentanol (CDH New Delhi, India) with > 99.7 %, hex-
anol (CDH New Delhi India,) with > 99.5 %, heptanol (CDH
New Delhi, India) with > 99 %, octanol (CDH New Delhi India,)
with > 99.7 %, nonanal (CDH New Delhi, India) with > 99 %,
decanal (CDH New Delhi, India) with > 99 %, respectively. All
the liquids were used after double distillation [11]. All chemicals
were purified by the method described by Zhao et al. 1,3-dioxol-
ane was dried over K2CO3, filtered and distilled were discarded
[12]. The measured density, viscosity and sound velocity of the
pure component at 298.15 K with the available literature [13-24]
as shown in Table 1. The reported experimental values of density
(p), sound velocity (u) and viscosity (1) conform closely to their
corresponding literature values.

Table 1: Density (p), Sound Velocity (u) and Viscosity (1) of Pure Components at T = 298.15K.

Compound p (g.cm?) u (m.s™) 1n (mPa s)

Observed Literature Observed Literature Observed Literature

1,3-Dioxolane 1.0616 1.0577" 1340 1338 0.5885 0.5878"
1.0586!7 13388 0.5873"

Pentanol 0.8124 0.8108" 1198 1197 3.3978 3.5411"°
0.8107" 1268% 3.5424"

Hexanol 0.8176 0.8187" 1306 1304 4.6091 4.5924%
0.8152" 1303" 4.5932%

Heptanol 0.8196 0.8187" 1325 132715 5.9066 5.9443"
0.8197" 13277 5.9443%

Octanol 0.8236 0.8216" 1350 1348 7.1508 7.6605"
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0.8218" 1347% 7.5981"
Nonanol 0.8248 0.8244" 1366 1365" 8.9258 9.0230?!
0.8242" 1364* 9.0200*
Decanol 0.8292 0.8267" 1378 1380" 11.8027 11.825'
0.8264" 1379% 11.829'5

Results and Discussion

The experimental values of speed of sound (u), viscosities (1) and densities (p) of 1,3-dioxolane with 1-alkanol mixtures at 298.15K
are listed in Table 2. From these values, we have computed enthalpy (H), available volume (V,), relaxation strength (r) and surface
tension (S), are presented in table 2.

Table 2: Experimental Values of speed of sound (u), viscosities (1) and densities (p) and derived parameter Enthalpy (H),
Available volume (V)), Relaxation Strength (r) and Surface Tension (S) for the binary mixtures of 1,3-Dioxolane (1) + 1-Al-
kanols (2) at 298.15K.

Mole fraction | Density (p) / | Viscosity () | Sound Surface Available Enthalpy (H) | Relaxation
1,3-Dioxolane | g.cm? / mPas velocity (u) / | Tension (S) X | volume x 10° Strength (r)
(x) ms™! 10°/ N.m! (V) x10-%/
m’mol!

1,3-Dioxolane + 1-Pentanol
0 0.8124 3.3978 1198 0.2155 0.0272 0.3156 0.0631
0.0939 0.8276 2.3973 1284 0.2436 0.0207 0.3450 0.0390
0.1942 0.8436 1.8970 1290 0.2501 0.0196 0.3468 0.0375
0.2941 0.8640 1.4437 1296 0.2579 0.0184 0.3384 0.0361
0.3942 0.8836 1.1866 1300 0.2650 0.0175 0.3341 0.0351
0.4787 0.9068 1.0904 1304 0.2732 0.0165 0.33.8 0.0342
0.5999 0.9316 0.9311 1310 0.2826 0.0154 0.3262 0.0328
0.6972 0.9596 0.7717 1318 0.293.8 0.0143 0.3236 0.0310
0.7928 0.9876 0.7171 1324 0.3045 0.0134 0.3201 0.0297
0.9035 1.0260 0.6489 1332 0.3192 0.0123 0.3166 0.0280
1.0000 1.0616 0.5885 1340 0.3332 0.0113 0.3135 0.0264

1,3-Dioxolane +1-Hexanol
0 0.8176 4.6091 1306 0.2469 0.0229 0.4163 0.0337
0.0912 0.8252 3.3826 1317 0.2524 0.0213 0.4112 0.0312
0.1955 0.8432 2.3306 1320 0.2588 0.0200 0.4003 0.0306
0.2923 0.8584 1.9839 1322 0.2640 0.0190 0.3899 0.0301
0.3982 0.8792 1.5720 1325 0.2713 0.0177 0.3787 0.0295
0.4942 0.8992 1.3059 1327 0.2781 0.0167 0.3683 0.0291
0.6059 0.9264 1.0343 1330 0.2875 0.0155 0.3567 0.0284
0.6976 0.9508 0.9131 1332 0.2958 0.0145 0.465 0.0280
0.8018 0.9836 0.7680 1335 0.3070 0.0133 0.3352 0.0274
0.8914 1.0168 0.7304 1337 0.3181 0.0124 0.3254 0.0270
1.0000 1.0616 0.5885 1340 0.3332 0.0113 0.3135 0.0264

1,3-Dioxolane + 1-Heptanol
0 0.8196 5.9066 1325 0.2529 0.0243 0.4838 0.0295
0.0928 0.8304 4.3181 1334 0.2589 0.0224 0.4725 0.0276
0.1905 0.8412 3.2577 1334 0.2623 0.0213 0.4552 0.0252
0.2939 0.8592 2.5895 1335 0.2682 0.0200 0.4373 0.0274
0.3894 0.8740 1.9926 1335 0.2728 0.0188 0.4201 0.0273
0.4818 0.8916 1.5315 1336 0.2786 0.0177 0.4042 0.0272
0.6021 0.9184 1.2190 1337 0.2873 0.0162 0.3835 0.0270
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0.6952 0.9420 1.0959 1337 0.2947 0.0151 0.3667 0.0268
0.7892 0.9756 0.9903 1338 0.3055 0.0139 0.3505 0.0267
0.9006 1.0156 0.7057 1339 0.3184 0.0125 0.3309 0.0266
1.0000 1.0616 0.5885 1340 0.3332 0.0113 0.3135 0.0264
1,3-Dioxolane + 1-Octanol

0 0.8296 7.1508 1350 0.2633 0.0247 0.5619 0.0244
0.0885 0.8296 5.6095 1350 0.2645 0.0235 0.5363 0.0243
0.1967 0.8464 3.9321 1349 0.2683 0.0220 0.5100 0.0246
0.2998 0.8560 3.2616 1348 0.2711 0.0208 0.4845 0.0248
0.3902 0.8712 2.4284 1348 0.2759 0.0195 0.4629 0.0247
0.4963 0.8876 1.9058 1348 0.2811 0.0181 0.4375 0.0246
0.6008 0.9140 1.3631 1347 0.2891 0.0166 04117 0.0250
0.6925 0.9340 1.1376 1348 0.2958 0.0154 0.3905 0.0248
0.7975 0.9676 0.9141 1348 0.3064 0.0139 0.3652 0.0247
0.8940 1.0104 0.7652 1348 0.3200 0.0124 0.3421 0.0246
1.0000 1.0616 0.5885 1340 0.3332 0.0113 0.3135 0.0264
1,3-Dioxolane +1-Nonanol

0 0.8248 8.9258 1366 0.2665 0.0255 0.6291 0.0213
0.0876 0.8336 6.8601 1366 0.2693 0.0242 0.6020 0.0210
0.1913 0.8404 5.8531 1363 0.2706 0.0230 0.5684 0.0219
0.2942 0.8504 4.4022 1359 0.2726 0.0218 0.5347 0.0226
0.3963 0.8692 3.1558 1355 0.2774 0.0205 0.5014 0.0234
0.4959 0.8844 2.3340 1352 0.2813 0.0191 0.4697 0.0240
0.6050 0.9092 1.7321 1349 0.2883 0.0175 0.4354 0.0246
0.6947 0.9332 1.3334 1346 0.2949 0.0162 0.4072 0.0252
0.7993 0.9648 0.9642 1343 0.3039 0.0146 0.3744 0.0258
0.9013 1.0084 0.8031 1340 0.3165 0.0130 0.3402 0.0262
1 1.0616 0.5885 1340 0.3332 0.0113 0.3135 0.0264
1,3-Dioxolane +1-Decanol

0 0.8292 11.8027 1378 0.2714 0.0264 0.6990 0.0192
0.0881 0.8364 8.5615 1374 0.2726 0.0254 0.6634 0.0199
0.191 0.8396 7.8207 1370 0.2724 0.0243 0.6226 0.0206
0.2921 0.8560 5.5340 1366 0.2765 0.0228 0.5827 0.0213
0.3937 0.8672 4.2319 1362 0.2789 0.0214 0.5429 0.0221
0.4956 0.8824 3.4173 1358 0.2826 0.0199 0.5035 0.0228
0.604 0.9076 2.5370 1353 0.2890 0.0182 0.4615 0.0238
0.7129 0.9308 1.5262 1348 0.2948 0.0166 0.4198 0.0248
0.7983 0.9616 1.1637 1344 0.3032 0.0151 0.3871 0.0256
0.8971 1.0040 0.8623 1340 0.3151 0.0133 0.3505 0.0260
1 1.0616 0.5885 1340 0.3332 0.0113 0.3135 0.0264

The excess parameters such as excess surface tension (S*), excess available volume (V,F), excess relaxation strength () and excess

enthalpy (HE) have been calculated using the following equations.

Surface Tension S = 6.4 x 107, p. u'?

Available volume V. = (M /p) [1-(U/ U]

(1)
(2)

Where M is the molecular weight of the solution which can be calculated according to the equation [M =M X + M X Jand U =

1600 m/s.
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Relaxation strength r=1-(U/U ) ..(3)
Enthalpy H=V_xP, ...(4)
Y=Y, - X Y +X,Y) ...(5)

Y* refer to (SF), (V,5), (), (H®) and (V) where as Y,,, is mea-
sured property. Y, Y,, are any acoustic parameter, X, and X, are
mole fraction of 1,3-Dioxolane and 1-alkanol.

A perusal of table 2 shows the mole fraction (X) of 1,3-Diox-
olane increases, density and ultrasonic velocity increase, while
viscosity decreases. This trend can be explained by molecular
interactions in the system [25]. 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 calculated excess surface tension (SF), values for the binary
liquid mixture listed in Figure 1. A perusal of curves in figure-1
indicates the values of excess surface tension (SF), data for bina-
ry mixtures of 1,3-Dioxolane with 1-alkanols are negative. The
excess surface tension (SF), values are negative over the entire
mole fraction range and become more negative with increasing
the mole fraction of second component for all binary mixtures.
These results can be explained in term of molecular interactions
and structured effects. Excess values of surface tension are neg-
ative over the entire composition range at 298.15K, indicating
weak interaction between the components of the mixture. In all
the cases surface tension increases with increase in mole fraction
of 1,3-Dioxolane, which indicate reduction in the intermolecular
interactions. For all studied systems, excess surface tension (SF),
were negative over the entire mole fraction range of 1,3-Diox-
olane at 298.15 K. Among the six systems, 1,3-Dioxolane with
1-alkanols containing system showed more negative.
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Ll
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Figure 1: Variation of excess surface tension (SF) with mole
fraction (x,) of 1,3-dioxolane with 1-alkanols at 298.15K.

Figure 2 depicts the variation of the excess available volume
(V,) of the chosen system. We clearly see from fig. 2 that the
non-linear variation of excess available volume (V,) with mole
fraction of 1,3-dioxolane. The negative deviation of excess
available volume (V) reaching a minimum at 0.48 mole frac-
tion of 1,3-dioxolane shows the molecular interactions between
the molecules [26]. It is evident from figure- 2 that the value of
excess available volume (V%) are negative for all binary liquid
system at 298.15 K. The value of V* are plotted against the mole

fraction of 1,3- dioxolane and are shown in Figure 2. Similarly,
results were also obtained by D. Bala Karuna Kumar et al. for bi-
nary mixtures of N-methyl-2-pyrrolidone [27]. The de-polymer-
isation of hydrogen bonded alcohols aggregates and decrease in
dipolar association of component molecules leads to expansion
of volume dominating interstitial accommodation which causes
negative value of excess available volume (V") but it is compen-
sated by charge transfer complex formation between hydrogen
of alcohols and oxygen of 1,3- dioxolane. From the plots of (V")
Vs X, (Figure- 2) it may see that excess available volume is neg-
ative over the whole mole fraction.

Hydrogen bonding

o

(TR T P — O H-0~(CHz)u~CHs

-/

Hydrogen bonding

Figure: Hydrogen bonding present in 1,3-dioxolane n-alkanols.
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Figure 2: Variation of excess available volume (V") with mole
fraction (x,) of 1,3-dioxolane with 1-alkanols at 298.15K.

The term relaxation Strength (r) is useful in prediction of mo-
lecular properties of liquid mixtures. The relaxation strength (r)
decreases with increases in concentration of 1,3-dioxolane (X1).
Figure 3 shows the variation of excess relaxation strength (1¥)
with mole fraction of 1,3-dioxolane at the temperature 298.15K
For the binary system 1,3-dioxolane with 1-alkanols, the excess
relaxation strength (1¥) values are negative and decreasing with
the increase in mole fraction of 1,3-dioxolane up to the mole
fraction (0.5) and the increase with increase in mole fraction.
We clearly see from fig. 3 that the non-linear variation of excess
relaxation strength (1*) with mole fraction of 1,3-dioxolane. The
negative deviation of excess relaxation strength (1) reaching a
minimum at 0.48 mole fraction of 1,3-dioxolane shows the mo-
lecular interactions between the molecules. The structural chang-
es take place due to the variation in relaxation strength (r) of the
system. The excess relaxation strength (rf) (shown in figure (3)
decrease with increase in the composition of 1,3-dioxolane till
0.48 mole fraction, reaches minimum at 0.48 mole fraction and
beyond 0.48 mole fraction, it again increases. The existence of
minimum relaxation strength (r) indicates the squeezing of mol-
ecules in the system.
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Figure 3: Variation of excess relaxation Strength (r*) with mole
fraction (x,) of 1,3-dioxolane with 1-alkanols at 298.15K.

Figure 4 shows the variation of excess enthalpy (HF) with mole
fraction of 1,3-dioxolane at the temperature 298.15K For the
binary system 1,3-dioxolane with 1-alkanols, the excess enthal-
py (HF) values are negative and decreasing with the increase in
mole fraction of 1,3-dioxolane up to the mole fraction (0.5) and
the increase with increase in mole fraction. In the present in-
vestigation for the six binary systems it is observe that, as the
mole fraction of 1,3-dioxolane increase, the excess enthalpy
(HF) values decrease. This situation is observed for all six bina-
ry system under study and can be viewed from plots Figure 4.
This suggests that dipole and dispersive force are operative in
these systems, when the 1,3-dioxolane concentration low. When
the concentration of 1,3-dioxolane increased, the corresponding
decrease in concentration of 1,3-dioxolane leads to specific in-
teractions i.e., the interactions move from weak to strong which
supports the above arguments is case of other parameters. As
a result, the free dipoles released from the 1-alkanols in asso-
ciation with 1,3-dioxolane molecules forming strong hydrogen
bonds, hence stronger molecular association existing between
the 1,3-dioxolane with 1-alkanols molecules through hydrogen
bonding [27].

0.00 0.0% 0.19 0.25 0.39 0.48 0.60 0.70 0.7% 0.30 1.00
0.00 —

-0.05
. decanol
&
§ —&— nonanol
B 010
% —&— octanol
ul
o heptanol
E -0.15
I —&8— hexanol
—&— pentanol
0.20
0.25

Mole Fraction (X1)

Figure 4: Variation of excess enthalpy (HF) with mole fraction
(x,) of 1,3-dioxolane with 1-alkanols at 298.15K.

Conclusion

This research article reports experimental study of sound veloc-
ity, viscosity and density and its derived excess parameters. The
existence of molecular interactions in solute-solvent is favored
in the system, confirmed from the ultrasonic velocity (u), viscos-

ity (), density (p), surface tension (S), available volume (V)),
relaxation strength (1), enthalpy (H). We are concluded that there
exists a molecular interaction between 1,3-dioxolane and 1-al-
kanols due to Hydrogen bonding and degree of complexation.
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Nomenclature
p, Densities of liquid
u, Ultrasonic velocity
m, Viscosity
X, Mole fraction of 1,3-Dioxolane
T, Temperature
S, surface tension
SE, excess surface tension
(V,), available volume
(V'F), excess available volume
(1), relaxation strength
(H), Enthalpy
(HF), Excess enthalpy
Y%, Thermodynamic excess function

References

1. Moosavi M, Rostami A (2017) Densities, Viscosities, Refrac-
tive Indices, and excess properties of aqueous 1,2-etanediol,
1,3-propanediol, 1,4-butanediol, and 1,5-pentanediol binary
mixtures. J Chem. Eng Data 62: 156-168.

2. Majstorovi¢ DM, Zivkovi¢ EM, Kijevéanin ML (2017) Den-
sity, viscosity, and refractive index data for a ternary sys-
tem of wine congeners (ethyl butyrate + diethyl succinate +
isobutanol) in the temperature range from288.15 to 323.15 k
and at atmospheric pressure. J Chem Eng Data 62: 275-291.

3. Esteve X, Boer D, Patil KR, Chaudhari SK, Coronas A (1994)
Densities, viscosities and enthalpies and mixing of binary
systems methanol+ polyethylene glycol 250 dimethyl ether
at 303 K. J Chem Eng Data 39: 767-7609.

4. Nandhibatla SV, Mahendra MR (1996) Densities, speeds of
sound, viscosities, dielectric constants, and refractive indices
for 1-heptanol + hexane and +heptane at 303.15 and 313.15
K. J Chem Eng Data 41: 612-618.

5. Singh KP, Agarwal H, Shukla VK, Vibhu I, Gupta M, et al.
(2010) Densities, and refractive indices of binary mixtures of
poly ethylene glycol 250 dimethyl ether with 1-propanol and
with 1-butanol. J. Solution Chem 39: 1749-1762.

6. Kannappan AN, Thirumaran S, Palani R (2009) Volumetric
and Thermodynamic Studies of Molecular Interactions in
Ternary Liquid Mixtures at 303, 308 and 313K. J. Phys. Sci
20: 97-108.

7. Hind AH, McLaughlin E, Ubbelohde AR (1960) Structure
and viscosity of liquids. Viscosity-temperature relationships
of pyrrole and pyrrolidine. J. Chem. Soc. Faraday Trans 56:
331.

8. Dominguez M, Pardo J, Lopez MC, Royo FM, Urieta JS
(1996) Viscosities of the ternary mixture (1-butanol+ n-hex-
ane+ 1-butylamine) at the temperatures 298.15 and 313.15 K.
Fluid Phase Equilib 124: 147.

J All Phy Res Appli, 2025, Vol 1, Issue 3.

Page: 6 of 7



10.

11.

12.

13.

14.

15.

16.

17.

18.

Nithiyanantham S, Palaniappan L (2005) Ultrasonic Study
on Glucose with a- amylase in aqueous media. Acta Ciencia
Indica 31: 533-538.

Nithiyanantham S, Palaniappan L (2006) Molecular Inter-
action studies of fructose in aqueous amylase solution. Acta
Ciencia Indica 32: 387-391.

Nithya R, Mullainathan S, Rajasekaran R (2009) Ultrasonic
Investigation of Molecular Interactions in Binary Mixtures
at 303 K. E. J. of Chem 6: 138-142.

Nithiyanantham S, Palaniappan L (2008) Acoustical studies
on some disaccharides (sucrose, lactose, maltose) in Aque-
ous media at room temperature. Metals Materials and Pro-
cesses 20: 203-208.

Zainab AH, Al-Dulaimy TA, Al-Heetimi Dhafir, Husam
Saleem Khalaf, Ahmed Mohammed Abbas (2018) Excess
molar quantities of binary mixture of dipropyl amine with
aliphatic alcohols at 298.15 K. Oriential Journal of Chem-
istry 34: 2074-208.

Dubey GP, Monika Sharma (2008) Excess volumes, densi-
ties, 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.
Al-Kandary JA, Al-Jimaz AS, Abdul-Latif AHM (2009)
Densities, viscosities, speeds of sound and refractive in-
dices of binary mixtures of tetra hydro furan with 1-hexa-
nol, 1-heptanol, 1-octanol, 1-nonanol, 1-decanol at 298.15,
303.15, and 313.15 K. Physics and Chemistry of Liquids
47:210-224.

Indumati M, Meenakshi G, Priyadharshini VJ, Kayalvizhi
R, Thiyagaraj S (2013) Theoretical evaluation of ultrasonic
velocity and excess parameters in binary liquid mixtures of
bromobenzene with alkanols. Research Journal of Pharma-
ceutical, Biological and Chemical Science 4: 1332-1384.
Riju Chanda, Banerjee A, Mahendra RN (2010) Studies of
viscous antagonism, excess molar volumes, viscosity de-
viation 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:
1721-1732.

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

19.

20.

21.

22.

23.

24.

25.

26.

27.

Anil kumar, Srinivasu C (2014) Speeds of Sound and Ex-
cess molar volume for binary mixture of 1,4-Dioxane with
1-Heptanol at five Temperatures. Advance in Chemistry 1-7.
Bhatia Subhash C, Rani R, Sangwan J, Bhatia R (2011)
Densities, viscosities, speed of sound, refractive indices of
binary mixtures of 1-Decanol with Isomeric Chloro toluene.
Int J Thermo phys 32: 1163-1174.

Banipal PK, Singh V, Kaur N, Sharma R, Thakur S, et al.
(2017) 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: 479-490.

Venkatalakshmi V, Gowrisankar M, Venkateswarlu P, Red-
dy KS (2013) Density, Ultrasonic velocity and their excess
parameters of the binary mixtures of 2-Methyl-aniline with
1-Alkanols (C3-C8) at different temperatures. International
Journal of Physics and Research 3: 33-44.

Zainab AH, Al-Dulaimy, Dhafir TA, Al-Heetimi, Husen
Saleem Khalaf, et al. (2018) Excess molar quantities of bi-
nary mixture of Di propyl amine with Aliphatic Alcohols
at 298.15K. Oriental Journal of Chemistry 34: 2074-2082.
Banipal PK, Singh V, Kaur N, Sharma R, Thakur S, et al.
(2017) Physico-Chemical Studies on binary mixtures of
1,4-Dioxane and Alka-1-ols at 298.15K. Natl. Acad. Sci.
India, Sec. A. Phys. Sci 88: 479-490.

Pandey JD, Rai RD, Shukla RK, Shukla AK, Mishra N
(1993) Ultrasonic and Thermodynamic Properties of Qua-
ternary Liquid System At 298.15 K. Indian J. Pure Appl.
Phys 31: 84-90.

Praharaj MK, Mishra PK, Mishra S, Satapathy A (2012) Ul-
trasonic study of ternary liquid mixture containing substi-
tuted benzene. Arch. Of Phys. Res 3: 192-200.

Bala Karuna Kuamr D, Hanumantha Rao Y (2015) Excess
free volume, internal pressure and molar available volumes
in the binary liquid mixtures of N-Methyl-2-pyrrolidone at
different temperatures. International journal of Advanced
Research in Chemical Science 2: 28-34.

Copyright: © 2025 Dhirendra Kumar Sharma. This is an open-access article distributed under the terms of the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

J All Phy Res Appli, 2025, Vol 1, Issue 3.

Page: 7 of 7



