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Properties of Znic Oxide Nanofluids

2-Prediction of Excess Thermodynamic Functions and
Activity Coefficients of Some Polymeric Liquid Mixtures
Using a Simple Equation of State
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Prediction of Excess Thermodynamic Functions and Activity Coefficients of Some Polymeric
Liquid Mixtures Using a Simple Equation of State

Elaheh K Gob

Dept.of Chemice, Fee
g

Infroduction
The topic of this study, excess thermodymamic propertes of the
binary mustures, s one of the most mteresting phenomena i
‘molecular physics. They provide us information to uaderstand the
observed propertes of the mixures from the point of view of
‘microscopic interactions [1]. Excess themodynamic propertes of
mixtures provide insight info the molecular Interactions befween
the various components and can be used for the development of
moleculsr_models deseribing the thermodymamic bebavior of
mestures [2]. From a practical point of view, the excess molar
wolumes are useil for the design of mising and storage tanks and
ransport equipments [3]

This sudy was underlen fo mvestipate the excess
thermodynamic properties and acivity coefficients of four polymer
‘mixtures and blends consistof poly (ethylene glycol methy! ether)-
350 (PEGME-350) + poly (ethylene glycol)-200 (PEG.200),
ly(propylene glycol)-425 (PPG- 425)-PEGME 350(2), PEGME.

= PEG-600, nd PEG-200 ~ PPG-40 using the GAA EoS [4].

Theoretical Section
A simple equation of state (EoS) has been derived for liqids by
Gobarshadi et al. [4] (Goharshadi-Morseli-Abbaspour “GMA
Eo§"). It has been used to calculae the diffreat thermodynamic
and_ volumeic properties such as density, isobaric expension
coefficient, and sotbermal compressbilty for a wide range of
luids including polar, nonpolar, and bydrogen-bonded fuids [
The GMA equation of stte has been alo applied for calculating the
thermodynanmics propertes of liqid mixtres [3-10]. The equation
i based on the average potential energy and i given a5
(QZ-1)¥) = 4.0+ 5T 00 o
and o are compressiblity factor, molar volume, and
respectively
The intercept and slope of this equation depend on temperature via
the equations

B ave constant. To use the EoS for a liquid,
= must be known. To find these prameters,
we may plot QZ-1)V",, agsinst p for different isotherms. The slope
and intetcept of the straight Iies can be fited with Egs. (2) and (3)

Srom which A, and B,-B, can be found.
‘The density can be calculted using the GMA EoS by the following
coquation:
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The excess volume, V¥, excess Gibbs energy A G, excess

A" excess inteual energy,
A A%, can be caleulted using

entealpy, A, excess ento
AU and excess Helmholz enr
Eg 5wl

i, * Maryam Absreshi, Ali R Berenji, Maryam Ioani, Fahmieh Ra

i, and Rayineh Rabii Zarei

of Moz, Mazhhad 9175, ran
AU = aH' - PV ©
ad4' = AU" - Tas® a0
‘The actvity coeffcient ., of a component i 2 binary misture can
be calculated by the following equation:
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Results and Discussion
Tn this work, we have calculated excess thermodynamic properties
of some binary mistures at various femperatures, pressues, and
compositions. Futhermore, the actvity coefficients of polymeric
‘mistures have been calculated using this equation of state. A wide
comparison with experimental data has been made for each
themmodynamic property. The values of statistcal parametes
betwween experimentl and calculated properties show the ability of
this equation of state in reproducing and predicting of excess
thermodynamic functions and sctiviy coefficient for studied
tures,

- excess molar Gibbs energy for mixture of PPG-
50 at 298.15 K and different pressures has been
given in Fig. 1. Since PPG has specific interacton wih PEGVE
due to the bydrogen bond, the values of excess molar enthalpy and

molar Gibbs energy was found to vary from negative 1o positive &5
increasing the mole acton of PPG-415. The sign of excess molar
Gibbs energy depends on the magninide of excess molar enthalpy
and excess molsr entropy. In fact, iquid-liquid phase separation in
‘polymer blend systems occurs through a compediion between the
enthalpy and. the entropy

enthalpic effect arising om atractive forces are more important
than the entropic ones 13 PPG-rich blend.

" mole fraction (a) at 298.15 K for different pressures.
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Introduction
The topic of this study, excess thermodynamic properties of the binary mixtures, is one of the most interesting phenomena in molecular physics. They provide us information to understand the observed properties of the mixtures from the point of view of microscopic interactions [1]. Excess thermodynamic properties of mixtures provide insight into the molecular interactions between the various components and can be used for the development of molecular models describing the thermodynamic behavior of mixtures [2]. From a practical point of view, the excess molar volumes are useful for the design of mixing and storage tanks and transport equipments [3].
    This study was undertaken to investigate the excess thermodynamic properties and activity coefficients of four polymer mixtures and blends consist of  poly (ethylene glycol methyl ether)-350 (PEGME-350) +  poly (ethylene glycol)-200 (PEG-200), poly(propylene glycol)-425 (PPG- 425)+PEGME-350(2), PEGME-350 + PEG-600, and PEG-200 + PPG-400 using the GMA EoS [4].

Theoretical Section
    A simple equation of state (EoS) has been derived for liquids by Goharshadi et al. [4] (Goharshadi-Morsali-Abbaspour "GMA EoS"). It has been used to calculate the different thermodynamic and volumetric properties such as density, isobaric expansion coefficient, and isothermal compressibility for a wide range of fluids including polar, nonpolar, and hydrogen-bonded fluids [4-7]. The GMA equation of state has been also applied for calculating the thermodynamics properties of liquid mixtures [8-10]. The equation of state is based on the average potential energy and is given as:  
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where Z, Vm , and 
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 are compressibility factor, molar volume, and molar density, respectively. 

    The intercept and slope of this equation depend on temperature via the equations:
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where Ao - A2 and Bo - B2 are constants. To use the EoS for a liquid, the A and B parameters must be known. To find these parameters, we may plot (2Z−1)V3m against ρ for different isotherms. The slope and intercept of the straight lines can be fitted with Eqs. (2) and (3) from which Ao−A2 and Bo−B2 can be found.

    The density based on GMA EoS can be calculated by the following equation: 
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      The excess volume, VE, excess Gibbs energy,
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GE, excess enthalpy, 
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HE, excess entropy, 
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SE, excess internal energy, 
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UE, and excess Helmholtz energy, 
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AE, can be calculated using Eqs.5 to 10, respectively.
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       The activity coefficient,
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, of a component in a binary mixture can be calculated by the following equation:
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Results and Discussion
   In this work, we have calculated excess thermodynamic properties such as excess molar Gibbs free energy, excess molar enthalpy, excess molar entropy, excess molar internal energy, and excess molar Helmholtz free energy of some binary mixtures at various temperatures, pressures, and compositions. Furthermore, the activity coefficients of polymeric mixtures have been calculated using this equation of state. A wide comparison with experimental data has been made for each thermodynamic property. The values of statistical parameters between experimental and calculated properties show the ability of this equation of state in reproducing and predicting of excess thermodynamic functions and activity coefficient for studied mixtures. 

  Typical graph for excess molar Gibbs energy for mixture of PPG-425 + PEGME-350 at 298.15 K and different pressures have been given in Fig. 1. Since PPG has specific interaction with PEGME due to the hydrogen bond, the values of excess molar enthalpy and excess molar entropy are negative at different pressures. The excess molar Gibbs energy was found to vary from negative to positive as increasing the mole fraction of PPG-425. The sign of excess molar Gibbs energy depends on the magnitude of excess molar enthalpy and excess molar entropy. In fact, liquid-liquid phase separation in polymer blend systems occurs through a competition between the enthalpy and the entropy of mixing. Figure 3 shows that the enthalpic effects arising from attractive forces are more important than the entropic ones in PPG-rich blend
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Fig. 1. Experimental (symbols) and calculated (solid lines) excess molar Gibbs energy for PPG (1) + PEGME (2) versus mole fraction (a) at 298.15 K for different pressures.
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