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Abstract

Experimental investigation was done using different instruments for the testing the properties of
density, surface tension and viscosity in the case of pure and mixture system at the normal temperature
of 25 °C and 1 atm. Excess volume was found to exhibit negative value at a mole fraction of 0.5. The
deviation in the surface tension and viscosity were found of a positive value at the mole fraction value
of 0.5. The experimental excess properties were correlated using the Redlich-Kister (RK) equation and
showed an accepted standard deviation. The intermolecular interaction between acetone and
isopropanol was found of negligible effect and showed a weakness in the hydrogen bonding according
to the FTIR spectra for the mixture of acetone and isopropanol which agreed with the positive values of
excess molar volume. Moreover, the values of surface tension and viscosity deviations were found of
negative values for all the mole fraction range studied.

Keywords: Acetone, Density, Isopropanol, Viscosity, Excess molar volume, FTIR analysis, Surface
tension, molecular interaction.

-

D AdadAl)
Ll 4@l Sl an g3l adaudl 0505 AR alsa LAY 4dline o Jeal padiuly 4gleall 4l Cug
Vo hie (sl Aygie dn 0 YO Bl ya Aa 0 e Jsilg gVl s O] (e S ) U Il X g 50l
b Al A ol 5 Laiy 1,0 o laie @A ) e e adle Aad o Jsdl anall dad o) 2a g a5 en b
o Lemny 4l 31 aglenll ol sal) day ) o5 dimse p Sy v, Jod) Sl die an g3 Gl aill g el o)
S8 gl Giliaall Qb Aol g Jge g bme el ) il S My S ) Aol aladiuly AV sl
P e Ll s 55 Jsage (D5t s¥ls Qi) 0) Sl AU Biladl @l o€ Jalall 5 5ad) Jad 3 o) g
Lal g3 sl anall ae 38 135 agim s el yual ) (3 Camaal) 0 S8 el 13g] Jgeal) Cilghad) s
v syl A gl ) 5l mpand il ad & Ax g3 5 adandl 28N 3l Al Al adandl 250 a8 (i g A
- sal) B ¢ paal) Gldadll bt 3V sal) aaallean 5300 ¢ O silg a1 ¢ aBSe giud —: 4@y L)
1. Introduction
Many of the industrial processes required plenty of information regarding the
physicochemical properties of different types of liquid mixtures. The physicochemical
properties like excess properties, intermolecular interactions are important factors
affecting the molecular structure and led to the non-ideal deviation in the transport
phenomena (fluid flow, mass and heat transfer) (Dubey et.al., 2016; Chen et.al.,
2015; Krishna et.al., 2015; George et.al., 2002; Ali et.al., 2002). Many researchers
worked on the excess properties of different liquid non-aqueous mixtures (Rowlinson
and Swinton, 2013; Nain, 2013; Nain, 2009; Nain, 2013; Nain, 2008; Nain, 2007;
Nain, 2016; Walmsley, 1978; Mehta et.al., 2005; Garcia et.al., 1997; Walmsley et.al.,
1976; Yang et.al., 2003; Curme and Young, 1925; Mohammadi et.al., 2008; Krishna
et.al., 2017; Guo et.al., 2011). The importance of thermodynamic excess properties is
not useful only for the design and transport phenomena and but also in the case of
providing a suitable data as a basis for developing new predictive equations and
correlations. Moreover, the experimental data of density for a binary mixture can be
used to calculate the excess volume property and related to the intermolecular
interaction (Zorebski and Dzida, 2007; Krishna et.al.,, 2008; Mehta et.al., 2008).
Hidayani et al. were used the extract of UncariaGambirRoxbleaf as capping agent and
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bio reducer in the production of AgNPs by using the isopropanol solvent (Hidayani et.
al., 2017). Smail et al. had established an expectation that the acetone and all ketones
can be used as a solvent for the LRPs monomers (hydrophobic, hydrophilic) which
catalyzed by metal (Smail et.al., 2017). From the above review, it is concluded that the
acetone and isopropanol are important solvent and used in many industrial processes and there is a
need for experimental thermodynamic data which provide a pillar stone for the theoretical and
design purposes. The present study provides experimental and numerical data for the excess
volume (VF), surface tension deviation (5,) and viscosity deviation (5u). The Redlich-Kister
equation had been used for the correlation of the experimental data. FTIR analysis had been
obtained and checked for the Isopropanol-Acetone binary liquid mixtures in order to interpret the
excess and deviation property.

2. Experimental
2.1. Materials and method

Acetone and Isopropanol were obtained from Fisher Scientific, U.K. The binary
samples were provided for the experimentation using the electronic weight balance by
CPA-225D, Germany, and manufactured by Sartorius. The precision for the measured
weight was +0.01 mg. The densities, surface tensions and viscosities for the pure and
binary system of Acetone-Isopropanol. Density was measured using a densometer
(Anton bar, DSA5000M, Austria). The calibration for the densometer was done using
degassed distilled water (p=997.076 kg.m® at 298.15 K). Ethanol was used for the
cleaning the vibrating tube of the densometer. The surface tension of the pure and
binary liquid Acetone-Isopropanol were tested using LY-1068 tensometer, China. The
precision of the instrument within the range of + 0.0001. Ubbelohde capillary
viscometer was used for the determination of the viscosity for the pure and binary
system of Acetone-lsopropanol. The calibration method for the viscometer was done
using distilled water and ethanol. Uncertinity of the instrument was estimated within
the value of +0.028 m%s™. FTIR spectra of the binary system of Acetone-Isopropanol
was recorded using Bruker, Tensor Il, Germany. The resolution of the instrument was
within 1 cm™ for the range of spectra between 4000-400 cm™.

3. Results and discussion
3.1. Density and excess molar volume
The densities of the pure and mixture of Acetone-isopropanol were measured
experimentally and provided in the table 1 and table 2. The measured density was
obtained at a temperature of 25°C at normal pressure. Excess volume was calculated
according to the following equation and put in the table 2:
2

VE = Vm — ZXi Vi (1)
j=1
Where (Viy) can be calculated from the experimental values of the density for
the mixture according to the equation (2).
2
“ o x: (M., :
Vm — [ i=1 ;( Wl)] (2)
In the above equation (Vn,: mixture molar volume, Vi: acetone or isopropanol

volume, My,: molecular weight of the acetone or isopropanol, p: density of the mixture
volume, x;: mole fraction of the acetone).

Figure 1 shows the variation of excess molar volume with the mole fraction of
acetone. A nonlinear increase was observed in the excess molar volume with the
increasing of acetone mole fractions. The non-ideal behavior of the excess molar
volume can be returned to the intermolecular and intramolecular interactions in the
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binary system of acetone-isopropanol liquid mixture as stated by another researcher
(Gnanakumari et.al., 2007). A positive value in the excess molar volume was obtained
for all mole fraction values and the maximum value of excess volume was obtained at
the mole fraction value of 0.5.

Table 1 Experimental data of density (p), surface tension (o) and viscosity (u) for
the pure chemical substances in the present study at 25 °C.

No. Substance M.wt (g/mol) p (g/cm3) | o (Dyn/cm) u (cp)
1 Acetone 58.08 0.784 23.7 0.32
2 Isopropanol 60.096 0.785 20.93 2.038

Table 2 Mixture density (pm), excess volume (VF), surface tension (o), surface
tension deviation (&), Viscosity (wmix), Viscosity deviation (&) for the samples of
Acetone-Isopropanol mixture at (T=25°C and P=1 atm).

X1 X5 Pm VE o Os Fmix Su
0.1 0.9 0.786 -0.2 21.567 0.36 1.966 0.1
0.2 0.8 0.789 -0.41 22.134 0.65 1.934 0.24
0.3 0.7 0.791 -0.68 22.641 0.88 1.882 0.36
0.4 0.6 0.793 -0.85 23.078 1.04 1.790 0.44
05 0.5 0.7938 -0.89 23.415 11 1.659 0.48
0.6 0.4 0.793 -0.86 23.672 1.08 1.437 0.43
0.7 0.3 0.791 -0.66 23.739 0.87 1.185 0.35
0.8 0.2 0.788 -0.4 23.576 0.43 0.893 0.23
0.9 0.1 0.786 -0.19 23.553 0.13 0.621 0.13

1 0 0.784 0 23.7 0 0.32 0

£
-1 -
Acetone mole fraction

Fig. 1. Excess molar volume (VF) as a function of the acetone mole fraction (X1)
for the Acetone-Isopropanol mixture at (T=25°C and P=1 atm).

3.2. Surface tension deviation
The surface tension deviation values were calculated from the experimental
surface tension data according to the following equation (3):

Ao = 0, — (X101 + x30,) ...(3)
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The variation in the values of surface tension deviation (3,) with the mole
fraction of acetone was shown in the figure 2 and provided in the table 2. Obviously, a
negative behavior in the surface tension deviation values was obtained at all the mole
fraction values.

1.2 -

Surface tension deviation

O T T T T
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acetone mole fraction

Fig. 2. Surface tension deviation (5,) as a function of the acetone mole fraction
(X1) for the Acetone-Isopropanol mixture at (T=25°C and P=1 atm).

3.3. Viscosity deviation

Viscosity deviation was calculated from the experimental viscosity data of the

pure and mixture binary liquid at different mole fraction at the following equation (4):
An = Ny — (e Ny +3212) -+ (4)

The resulted viscosity deviation data were provided in the table 2 and shown in
figure 3. As in the case of surface tension deviation values, the values of viscosity
deviation exhibited negative values. The maximum deviation in the viscosity was
obtained at the mole fraction value of 0.5.
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Fig. 3. Viscosity deviation (8,) as a function of the acetone mole fraction (X;) for
the Acetone-lsopropanol mixture at (T=25°C and P=1 atm).
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3.4. Redlich-Kister correlation

The values of the excess molar volume, surface tension deviation and viscosity
deviation were correlated to the Redlich-Kister equation of the following formula
(Redlich and Kister, 1948):

2
VRE = X, X, zAi(X1 - Xz)i - (5)

=0
where X;, X, are the mole fraction of Acetone and Isopropanol, A; are the
coefficients of the Redlich-Kister equation and provided in the table 3. The standard
deviation (SD) for the binary system was calculated according to the following
equation (6) and provided in the table 3.
1/2

2
_ Iivil(Fe]gcp - Fgll)
SD = TR - (6)

M, N are the experimental samples and constraints number, respectively.
The experimental data showed an accepted deviation from the theoretical values
as shown in the table 3.
Table 3 The coefficients of Redlich—Kister equation in the case of correlation the
excess molar volume (VF), surface tension deviation (8,) and viscosity deviation
of the samples of Acetone-lsopropanol mixture at (T=25°C and P=1 atm).

Function | Temperature, °C ag ap a, az ay SD
VE 25°C -0.0055 - -9.493 21.096 -10.606 0.0003
0.9958
8 25°C 0.0294 2.1773 | 8.0119 -21.641 11.393 0.00002
3, 25°C -0.0036 0.8572 | 3.2992 -8.3702 4.,2249 0.0005

3.4. FTIR and intermolecular interaction

FTIR spectroscopy is an efficient instrument analysis tool for the
characterization of polar chemical substances and can be used for the reorganization
the functional group and the molecular interaction (Wei et.al., 2013). For the acetone-
isopropanol mixture, the FTIR spectra was shown in the figure 4. The spectra for the
mixture of acetone-isopropanol at different mole fractions showed a very important
behavior for the hydrogen bonding and explain the non-ideal behavior and the
deviation in the thermodynamic properties as stated in the previous sections. As seen
in the FTIR spectra, the broadening in the peak of the hydrogen referred to the
intermolecular interaction effect and the sharpening explained as the intramolecular
interaction effect. For the pure isopropanol, the spectra shows a broad O-H stretch at
2900 cm™ while the most important peak in the pure acetone showed a strong C=0
peak at 1715 cm™. While, for the mixture of acetone —isopropanol system, the
increase in the mole fraction caused a slight shift in the place of the C=0 peak to a
higher wave number. The hydrogen bonding effect was found weak for the present
mixture and led to the weakness in the intermolecular interaction between acetone and
isopropanol. The result of the FTIR spectra agree with the result of excess volume and
the conclusions stated by other researches (Hasan et.al., 2011).
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(a)
Fig. 5. FTIR Spectra of (a) pure Acetone, (b) DBSA-Acetone mixture of at
Temperature=25°C and Pressure=1 atm.
4. Conclusions
The experimental results for the excess volume, surface tension deviation and
viscosity deviation showed non ideal behavior in the with the mole fraction variation.
The correlation of the excess properties using the Redlich-Kister (RK) equation
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showed accepted deviation from the experimental data. The result of the FTIR
showed an agreement to the result of the excess volume and proved that the
intermolecular hydrogen bonding between acetone and isopropanol was weak for the
mixture and can be concluded from the slight shift in the place of the C=0 peak to a
higher wave number.
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