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MACROSCOPIC BEHAVIOUR OF HALOGENATED MULTICOMPONENT
SOLUTIONS FROM THERMODYNAMIC EXCESS MOLAR PROPERTIES.

Abstract

The fluoro-alcohols such as 2,2,2-Trifluoroethanol are non-toxic, non-flammable and have an
acceptable short environmental life time.

The volumetric properties of multi-component mixtures are needed for understanding their
molecular interaction in order to improve equations of state, and recovery of the constituent
compounds in separation processes.

In this work, new data are reported of the mixing volumetric properties for binary, ternary,
and quaternary systems containing water, acetone, alcohol, hydrocarbons, and 2,2,2-
trifluoroethanol.

The mixing volumetric properties were evaluated from density data.

Densities of pure components and mixtures were measured at 298.15K using an Anton-paar
vibrating-tube densimeter DMA5000 with a temperature control of + 2.10°K and an accuracy
of +5.10° g.cm™.

The change of the mixing molar volumes with composition (VE X) of the multi-component
m

systems were satisfactorily fitted and predicted by various empirical equations. The limiting

partial mixing volumes \/ E.» for component of all mixtures were estimated.
ml

The extent of chemical associations among the molecules forming the mixtures is discussed.
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Glossary

Symbols :

A, B, C densimeter constants
Ap, Bp, Cp polynomial coefficients
C number of components.

F variance (degree of freedom)
T temperature

V volume

m mass

n degree of fitting parameters
p pressure

x mole fraction

X' estimated composition

Abbreviations :
cal. calculated

const.  constant

eqg. equation
expt. experimental
id. ideal

max. maximum
min. minimum
mix. mixing

Greek letters:

o number of phases
p density
T oscillation period

Os standard deviation
A change

Ajjx  ternary contribution

Lower scripts:

A, B, C, component

I, , K components

b
m
m,i
n

t

q

binary system

molar

partial molar property
polynomial degree
ternary system

guaternary system

Upper scripts

E
n

r

excess property
polynomial degree
real

pure component

infinite dilution
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CHAPTER 1

INTRODUCTION

The fluoro-alcohols are used in the field of the cleaning technology of electronic industry,
because of a little risk in the destruction of the natural environment. ™

The fluoro-alcohols are self-associated in the liquid state through hydrogen bonding.
2,2,2-trifluoroethanol (TFE) is miscible with water, alcohols, ketones, and toluene, non-toxic,
non-flammable.**!

It is used in pharmaceutical and agricultural chemical syntheses

Studies of volumetric properties of alcohol-water mixtures help to understand the molecular
behaviour of the component mixture.
Alcohols are strongly self-associated and for binary solution rich in alcohol a three
dimensional net work of hydrogen bonded alcohol molecules is believed to be present.[’!
Alcohols have advantage of being blending agents which can be obtained from natural
regenerative resources. However, serious problems are connected with the use of pure
alcohols, for example, the increase of the vapor pressure resulting from the formation of
azeotropes with the light constituents of gasoline and (liquid + liquid) phase separation in the
presence of water at low temperatures. To avoid these problems parts of the alcohol can be
transformed into co-solvents.

Mixtures of alcohols and fluoro-alcohols form complex systems through cross associations via
formation/breaking of specific intermolecular interactions due to mixing.™!

Mixing thermodynamic properties are tools to investigate specific interactions and hydrogen

bond effects in solutions properties containing different types of molecules.



The molecular packing in liquids and liquid solutions is revealed in mixing volumes, and is
influenced by the molecular size, intermolecular interactions, and the chemical nature of
component molecules.

The chemicals used in this work were chosen because of their use in the petroleum, perfume,
and pharmaceutical industries.***?

Application of the volumetric properties of these systems is to improve their industrial usage
separation processes, and to reduce their production costs.

Measurements of these thermomechanical quantities for various multicomponent liquid
systems have suggested that significant intermolecular interactions occur among components,
the resulting geometrical effects markedly affecting the macroscopic behavior of the
mixtures, 18]

The density is a basic physico-chemical property of pure components and mixtures and is
necessary parameter in unit-process designs.

A knowledge of the densities of new working fluids and fluid mixtures is essential to
understand the molecular interactions between the molecules and to develop new theoretical
models, and also in the engineering applications of absorption heat pumps and heat
transformers. The variation of these properties with temperature and composition of the
mixtures containing polar and hydrogen-bonded complexes is due to an increase in hydrogen
—bonding interaction.[***!

The present work reports precise data on excess molar volumes of binary, ternary, and
quaternary systems containing water, methanol, ethanol, 2-propanol, 1-hexanol, acetone,

toluene, and 2,2,2-trifluoroethanol at pressure 101 kPa and temperature 298.15 K.



CHAPTER 2

FUNDAMENTAL THERMODYNAMICS OF LIQUID
MIXTURES

Introduction:
A mixture (or a solution) is defined by its composition (mole fraction) x; of the component i

from which it is composed. The state intensive variables of a multi-component mixture are
temperature T, pressure p and mole fractions (x;, X;, .... ).

The total change in the volume of a mixture V (T, p,n;, N, ,...)with its variables is:

oV
AV = (52)e 0T ( )Tndp Z( ron 00 (2.1)

where n; is the amount of substance of component i, (T, p) is temperature, and pressure of the
system, respectively.

The partial molar volume V, ; of a component i is defined as:

(2. 2)
v, - (av j
an T,p,n#n;

At constant temperature and pressure the change in the volume of a mixture
dv (T, p,n;,N; ,...)is:
dv =>V,.dn;, (T, p, const.) (2.3)

Integrating equation (2. 3) gives:
V =>nV,:, (T,p, const) (2. 4)

By differentiating equation (2. 4) we get:
dv =D V,.dn + > ndV,, (2.5)

Equations (2. 3) and (2. 5) give the Gibbs-Duhem relation:
> xdV,; =0, (T,p,const), (2. 6)



The change of a molar volume on mixing of multi-component system AmixVim (T, p, X) IS

defined as :

mlx m(T P, X) = _invr:,i’ (2 7)

where V.., is molar volumes of pure component i, x, mole fraction of component i, and V_ is

m, i
molar volume of mixture.

The change of molar volumes of mixing of a real mixture is A (T, p, x) and that of an

mIX m
ideal mixture is A . V. (T,P,x).
The excess molar volume V£ is related to the volume deviation of a real molar mixture from

that of an ideal mixture:

VmE (T’ p’ X) = ATT'IIX m (T p X) ArT'IIXVrTI‘Id (T’ p’ X) (2 8)
And, AV (T,p,x)=0 (2. 9)
So, Ve =A,,V,. , wherev:=0. (2.10)

The partial excess molar volume V is defined by equation:

E E
Vo =V, + Ny DR Ny (2.11)
6Xi T,P,xj 6Xk T.p.Xj

For component i, as x, — 0 the excess molar volume at infinite dilution V" is obtained
from:

. oV E oV E
VE =1imiV,: +(—mj —Zx{ m J (2.12)
oo OX; T,P,x; OXy T,p.Xj
E
Temperature dependence of molar excess volume, (?Tm J and the excess thermal expansion

coefficient,arf of liquid mixture is very important quantities in consideration of the

differences in the (P, V, T) relation and in the behavior of component molecules between the
solution state and the ideal state.%*"

The thermal excess expansion coefficients for the liquid mixtures are calculated at each
temperature by equation:

1(ovE
o= VE[GTJP’ (2.13)



The degree of freedom F:

The degree of freedom, or the variance, of a system containing C components and ¢ phases is
given by: F=C + 2 - ¢ . F determine the minimum number of variables that must be defined
in order to perfectly define a particular condition of the system from a knowledge of the
number of system components and phases.

The experimental study of a multi-component mixture can be simplified using dilution

composition ratios (x; / x, )to form pseudo-binary systems.

Ternary mixtures (ijk):

The ternary mixtures are experimentally prepared by two ways:

e The mixtures are obtained by mixing known masses of components i, j, and k ,
having different mole fractions throughout the composition range, giving a map of

compositions on a triangular plane representation: {x, A+ X;B+(1-X% —X; )C|

e Pseudo binary mixtures (ij+k): here, the ternary mixtures are obtained by mixing

two components (i + j), having a constant composition ratio k =(x, / x, ) , that is to
say a starting binary mixture (x?, x?) : {xi°A+ (1- xiO)B}, with known mass of

component k, giving a section of compositions on a triangular plane

representation: |(1—x, ){x° A+ (1-x?)B}+x,C]

The extent of the coverage of the ternary diagram by experimental measurements is shown in
figure (2. 1)

B °°

Figure (2.1): triangular plane representation of ternary mixtures: (a), map of compositions,
(b), sections of compositions.



Correlation and Data Analysis of Excess Volumes:

1) binary mixtures (ij) :

The excess molar volumes of binary mixtures are fitted using the Redlich-Kister equation.
The adjustable parameters Ap are determined by least squares method and degree of the
polynomials P, is optimized by standard deviations and applying a Fortran program (home

made).

The measured mixing volumes of multi-component mixtures are fitted to the equations "2

Vi = XX, ZH:AP (x, -X, r (2.15)
P=0

with component i is added to component j, the adjustable parameters Ap obtained by fitting the

equations to the experimental values with a least-squares algorithm.
The partial excess molar volumes of a binary mixture are derived from equation (2.15)

Ve = xf{z A, (X —X;)" +2% D nA (X, —xj)“} (2.16)

And the partial excess molar volumes at infinite dilution v & of component i of a binary

mixture is:

VE - |im[VmE J (2.17)

X;—0 Xin

The graphical representation of equation (2. 15) justifies the conditions: (T, P, const.), with
F=1 V5 (%)
2) ternary mixtures (ijk)

The excess molar volumes of ternary mixtures v £, . are represented using pseudo-binary

m,ik +

compositions along a dilution line k3

E
Vm,ik+j

=V — =X Vi, (2. 18)

where VE

m,ijk

Is the total excess molar volume of ternary mixture.



The correlation of the excess molar volume of ternary systemsV . Is obtained from binary

and ternary contributions and fitted to two types of equations** :

1)

Ve, =CXi X, + Co X, Xy + Ca Xy Xy + C e Xy X, (X, — X;) +
2.19
CSt X5 X3 (Xs o Xz) + C6t X1 X3 (Xl o Xs) + C?t X1 X5 X3 ( )

2) The excess molar volumes of a ternary system is fitted using the equation:
m ij va ij + X X k (220)

i
where Ajj is the ternary contribution represented by the Cibulka equationt®:

Ay =Cy +Cx +C,X; (2.21)

The partial excess molar volumes at infinite dilution v £ where obtained from equation

(2.19) with: (x; =x, =0.5).

For ternary mixture, the graphical representation of a pseudo-binary section justifies:

{T p, [X ]COI’]St} F=1 VrTI‘IEI]+k( k)
k

3) Quaternary mixtures (ijkl):

The experimental excess molar volumes of the quaternary mixtures are fitted to the equation:

E
Ving = CigXiXp + Cog X X3 + Ca X X, +Cy X, X5 +

(2. 22)
Co XXy +CgoXs X,y +Coy X X, X5 X,

The partial excess molar volumes at infinite dilution v £ where obtained from equation

(2.22) with: (x; =0.5,%, =X, =0.25).



For a quaternary mixture, the graphical representation of a pseudo-binary section justifies:

{T,p,[:—j,[i—f],const} F=1 Ve (x).

Prediction of excess molar volumesVE

The excess molar volumes of ternary or quaternary mixtures are predicted from{*®:
X: X o
VmE,iJk = Z XI-Xf VmE,ij (Xi ) Xj) : (2.23)

where V5, ;; (x;,x).) is the excess molar volumes of the binary mixtures for compositions
(x;, x;) according to the ternary/quaternary studied systems; with (x;, x;) =1.

For this work, the following predictive equations are used:
1) Redlich-Kister equation!*? :

VnEuk _anfu( )‘i_vmlk(xi’X )+VrTI1EJk(Xj’Xk)v (224)
where : x, = (1- X; = xk)’
2) Kohler equation *":
VrTEljk_(Xi+X)VnI1E|j(;’ J)+(X +X )VmElk( )+ (225)
(¢ + % Vi 06 )
where: X, = al =1-x,
X; + Xj
3) Colinet equation(*:
mljk {\/mlj(xl’ I)}+_{\/mlj(xj’ j}
i mlk (Xi, X .)} {\/rrliik (X;UXk }"', (2.26)
i Xy
X

mjk(in j)}+_{\/mlj(xk’xk}

i

where: x =1-x,

4) Muggianu et al. equation:**!



X. X X: X
E | %Ni% o\/E i* \/E

Vm,ijk = miij (Vij Vi )"‘( }/m,ik (Vik ’Vki)+
Vi Vi VieVi
X, X; ’

] E

— Vmi (Vik Vg )
ViV

[1+ X, —xjj
where : v; =| ———
2

(2.27)



CHAPTER 3

EXPERIMENTAL TECHNIQUES

Electronic Densimetry:
The vibrating tube densimeters are largely used recently for measurements density of fluids,
particularly liquids.Because of their simple operation, and high precision.
The principle of the vibrating tube-densimeter is based on mechanical oscillations of a U
shaped glass tube. The oscillations are related to the density of a fluid in the tube. The
oscillation period t of the vibrating tube is determined according to the following relation:

7% = 47*{V.p + m}/C, (3.1)
where V, p, are volume and density of the fluid in the tube respectively.

The liquid density is obtained from equation (10):

p=(t*-B)/A, (3.2)
with: A =47%VIC,
B = 4n’m/C, (3.3)

where A, B and C are constants of densimeter and are determined by calibrated of apparatus
using water and dry air:
A= (PPwater = T air) (P water = pair) (3.4)
B =% .r— A pair (3.5)

where, T;, piare oscillation period and density of fluid i at temperature T respectively .

Chemical materials and experimental procedures:

The chemical products employed for this investigation have relatively simple chemical
structures. The pure components are supplied by (Fluka Chemica, Riedel-de Haén).

Mixtures are prepared by mass in a glass vial with stopper, using a precision Balance:
OHAUS balance to + 2:10™g in the mole fraction determination.

The densities of the samples are measured with an Anton Paar Model DMA 5000 oscillating
U-tube densimeter, provided with automatic viscosity correction, and a stated precision of *

5.10"° g -cm™, with temperature at 298.15 K, controlled to within + 0.002 K.

10



The liquid mixture are introduced into densimeter U-tube using syringe and degassed before
the measuring , with ensure that there are no gas bubbles in the measuring cell.

The densities and refractive indices of mixtures are fitted:
* n P
Yo=Y+ AKX (3.6)
P=1
where Y, are density p, , refractive indices n; of pure component, and Y, are density

( p(x)/ g-cm™) and refractive indices n(x) of mixtures.
The coefficients A, of equation (4. 1) are determined by a least square procedure.
The excess molar volumesVm of multi-component mixtures are obtained from molar mass M;
of the components, mole fractions x;, and the density p; of the pure liquids and the density p

of the mixtures according to the relation:
Vi :inMi(P_l(X)_Pr )1 (3.7)
i=1

where n stands for the number of components in the mixtures.
Table (3.1): Densities pure substances at 298.15 K

Substance Ex;ﬁ./ g.cm ™
Water 0.99704 0,997051°"
Acetone 0.78473 0,78440[50]
Methanol 0.78659 0,78637°7
Ethanol 0.78573 0,78493"
2-Propanol 0.78095 0,78126°"
2,2,2-Trifluoroethanol 1.38196 1,381801°"!
1-Hexanol 0.81526 0,81534[501
Toluene 0.86219 0,862191

11



CHAPTER 4

EXPERIMENTAL RESULTS

EXPERIMENTAL RESULTS

The systems investigated are reported and numbered in the following:

Binary liquid mixtures: p(x), ;£

T=298.15K
1. (x;CH30H + x2H,0) 2. (x1C2Hs0H + x,H,0)
3. (x12-C3H;0OH + x2H,0) 4. {x1(CH3),CO + x;H,0}
5. {x1(CH3),CO + x,CH30H} 6. {x1(CH3),CO + x, C;HsOH }
7. (x1CH30H + x,C,Hs0H) 8. (Xx1C2Hs0H + x22-C3H;0OH)

9. {Xl(CH3)2CO + X22-C3H7OH}

T =288.15K, 298.15 K, 303.15 K
10. (X1C7H8 + X2C6H13OH) 11. (X1C7H8 + X2CF3CH20H)
12. (X1C6H130H + X2CF3CH20H)

Ternary liquid mixtures: p(x), V;E

T=298.15K

13. (X,CH3OH + X;H,0 + %3CoHsOH) 14, {X1(CH3)>CO + x,CH3OH + X3H,0}
T =288.15K, 298.15 K, 303.15 K

15. {(x1C7Hs + xsCF3CH,0H) + x,CgH130H}

Quaternary liquid mixtures: p(x), ;E

T=298.15K

16. {(x1C2HsOH + xoH20 + x32-C3H70H) + x4(CH3),CO}
17. {(x.C,Hs0H + x2H,0 + x3(CH3),CO) + x4,CH3;0H}

18. {(x:H20 + X,2-C3H;OH + x5 CF3CH,0H ) + x,CoHsOH }
19. {(x:H20 + X3(CH3)2CO) + X3 CF3CH,0H) + x,CoHsOH}

12



Experimental uncertainty analysis:

For a thermodynamic function: X = F(x, y, ...) the uncertainty 56X are evaluated from:
2 2
X2 =(%J 97 +| ] (o)7 + ... (4.1)
OX oy

So, the experimental uncertainties are:

Error in excess molar volumes:

E_ 6VmEz )2 : 6VmE2 Y 6VmEz 2 4.2
o [5P(X)JT,P,Xi (6otx) +Zﬂ % l,p,xj,i () }rz[[ op; lp,xi o) J (42)

Error in composition Xx;:

The liquid composition x; is calculated from:

X :(mi/Mi)/(i(mi/Mi))

The uncertainty in liquid composition is:

(0¢)* = [(aiJ (6mi)2} (4.3)
iz | L om,

[ 1 Q [mi ]_ m, ]
where: o  \M; =M ) m?

Error contribution of composition:

[iJ :[ M, _&J_ap(x) XM, (4.4)
aXi T p,X. . p(X) pl* aXi i=1 :D(X)2
BN E
Error contribution of density:
i XM,
Ny 3 (45)

() (p(x)?

13



The experimental uncertainties of our equipments are:
8T=+5 10°K, dm=+2-10%g,
so: Sx=+2-10" 8p=+5-10°g-cm™.

The standard deviation o of the fit for excess molar volumes V= is calculated from:

ve —ve YV
o = Z( mexpt m,cal) (46)
; N-N, ’

where N is the number of data points, and Np is the number of adjustable parameters.
In this work, the standard deviation of measurements are:

For binary mixtures:
Vil cm*>mol™: 0.0001 < 6s< 0.003,

For ternary contribution:
Ayl cm® mol™ : 0.02 < os< 0.04,
For ternary by equ.(2.19) :

V i/ em*mol™: 0.007 < os< 0.02
For quaternary by equ.(2.22) :

V! cm®mol™: 0.01 < o< 0.025

14



Table (4.1.a): Densities p and excess molar volumes V% ,, of (x;.C7Hg + x,CFsCH,OH) at

298.15 K and 101kPa

X, P Vmw

g.cm cm®.mol™
0.102 1.299 0.502
0.199 1.230 0.800
0.301 1.166 0.976
0.402 1.110 1.052
0.452 1.083 1.066
0.501 1.059 1.063
0.550 1.036 1.048
0.600 1.013 1.016
0.652 0.990 0.969
0.703 0.969 0.906
0.801 0.930 0.726
0.900 0.895 0.439

Table (4.1.b): Effect of temperature on smoothing coefficients for V.2 , at T and 101kPa, the

mean standard deviation of fit is o = 0.001.

T/K (x1C;Hg + x,C¢H430H) (x,C;Hg + x,CF,CH,0OH) (x,C¢H130H + x,CF;,CH,0OH)
A, A, A, A, A, A, A, A, A,
288,15 0,498 0429 0,351 3,816 0,018 1,293 5485 -2,209 -0,112
298,15 0,537 0450 0,402 4,254 -0,384 1,447 5964 -2,338 0,135
303,15 0,554 0,460 0,433 4,354 -0,665 1,719 6,071 -2,428 0,443
Ao(T) = A01 + A02T ; Al(T) = A11 + A12T ; Az(T) = A21 + A22T
Mixtures Ay Ay A, A Ay Ay
To + 1-HexOH -0.584 0.004 -0.384 0.003 -1.210 0.005
To+ TFE -6.829 0.037 12.930 -0.045 -6.340 0.026
1-HexOH + TFE -6.117 0.040 1.932 -0.014 -10.294 0.035
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Table (4.2): Summary of standard deviation os; V,ﬁ,b (x = 0.5); and infinite dilution calculated

fromeq. (2.12) at 298.15 K and 101kPa

Mixtures o5 Vins (x=05) Vs \VASS
cm ®.mol

x;CH;OH + x ,H,0 0.001 -1.005 -4.201 -3.839
x1C,Hs0H + x,H,0 0.001 -1.048 -8.555 -4.727
x12-C3H;0H + x,H,0 0.001 -0.945 -10.568 -5.909
X 1(CH;),CO + x,H,0 0.003 -1.485 -7.214 -4.664
x1(CH;),CO + x,CH;0H 0.002 -0.353 -1.544 -1.279
x1(CH3),CO + x,C,H;OH 0.001 -0.073 -0.574 -0.240
x ;CH,OH + x ,C,H:OH 0.0001 0.009 0.034 0.034
x1C,Hs0H + x,2-C3H;,0H 0.002 -0.007 -0.028 -0.028
X 1(CH3),CO + x,2-C3H;0H 0.003 0.285 1.084 1.198
x,C;Hg + x ,CgH130H 0.001 0.134 0.488 1.389
x,1C7H8 + x,CF;CH,0H 0.001 1.064 6.085 5.318
X 1C6H130H + x ,CF;CH,0H 0.001 1.491 8.437 3.761
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Figure (4.1): Excess molar volumes V,: , at 298.15 K for binary mixtures: A ,( x;2-CsH;0H +
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Figure (4.2): Excess molar volumes V,ﬁ'b at 298.15 K for binary mixtures: A, (x; C;Hg+
X2CF3CH20H); .,(X1C7H8 + X2 C5H13OH); V,(xl CeH130H + X CF3CH20H)
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Figure (4.3): Effect of temperature on excess molar volumes V% , at T for binary mixtures (x;

CeH130H + X CF3CH20H): ...; 288.15K ;... ._ , 298.15K ; _; 303.15K
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Figure (4.4): Effect of temperature on excess molar volumes V% , at for binary mixtures (x,

C7Hsg + x2, CF3CH,0H): ...; 288.15K; _ ;298.15K; _ ;303.15K
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Table (4.3.a): Densities p and excess molar volumes V,ﬁ'(13+2)of {(x1C7Hg + x3CF3CH,0H) +

X2C5H13OH} at 298.15 K and 101kPa

E
P - Vm,(13+2)
g.cm cm®.mol*

Sectionl: x°;=10.25, x°3=0.75

X X, X3

0.250 0.000 0.750 1.197 0.901
0.224 0.103 0.673 1.135 1.237
0.200 0.200 0.600 1.083 1.403
0.175 0.300 0.525 1.037 1.452
0.150 0.400 0.450 0.996 1.398
0.137 0.451 0.412 0.976 1.340
0.125 0.500 0.375 0.959 1.266
0.100 0.600 0.300 0.925 1.074
0.074 0.705 0.221 0.893 0.826
0.025 0.900 0.075 0.840 0.290
0.012 0.951 0.037 0.827 0.145
0.045 0.821 0.134 0.860 0.514

Section2: x°; =05, x°3=05

0.500 0.000 0.500 1.059 1.063
0.450 0.100 0.450 1.024 1.196
0.399 0.202 0.399 0.992 1.228
0.349 0.302 0.349 0.964 1.183
0.300 0.400 0.300 0.938 1.085
0.275 0.451 0.274 0.926 1.017
0.250 0.500 0.250 0.914 0.937
0.225 0.550 0.225 0.903 0.865
0.200 0.600 0.200 0.892 0.781
0.175 0.650 0.175 0.881 0.690
0.150 0.700 0.150 0.871 0.598
0.099 0.802 0.099 0.851 0.401
0.049 0.902 0.049 0.832 0.204

x7,x] : initial binary mixture
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Table (4.3): contd.

E
P _ Vm,(13+2)
g.cm cm®>.mol*

X, X2 X3

Section3: x°; =075, x°3=0.25

0.750 0.000 0.250 0.826 0.826
0.674 0.101 0.225 0.859 0.859
0.601 0.199 0.200 0.831 0.831
0.524 0.301 0.175 0.762 0.762
0.450 0.400 0.150 0.672 0.672
0.412 0.450 0.138 0.620 0.620
0.337 0.550 0.113 0.512 0.512
0.300 0.600 0.100 0.457 0.457
0.262 0.651 0.087 0.402 0.402
0.225 0.700 0.075 0.347 0.347
0.160 0.787 0.053 0.251 0.251
0.075 0.900 0.025 0.123 0.123

x7,x) : initial binary mixture



Table (4.3.b): Effect of temperature on smoothing coefficients and standard deviations of
V£'(13+2) for {(X1C7H8 + X3CF3CH20H) + X2C5H13OH} at 101kPa

eg. (2.20);(2.21) C, C, C,
T/IK Os
eq. (2.19) Cu Ca Ca Ca Cs Coet Cn
288.15 -2.115 0.623 2.861 0.029
0.765 5.640 4.023 -0.534 2.153 -0.167  -2.831 0.019
298.15 1.018 -1.802 -4.368 0.043
0.762 6.270 4.494 -0.658 2.695 -0.385  -3.470 0.018
303.15 1.206 -1.839 -2.821 0.022
0.793 6.477 4.588 -0.519 2.782 -0.489  -3.027 0.020

Table (4.4): Summary of standard deviation o5 ,extreme and infinite dilution for V5 of

ternary systems calculated at 298.15 K and 101kPa

VE‘ Vme Vme VE?
Mixture o x(ex)  x(ex) — &) ! 2 i
cm’mol™ cm’mol™

{X1(CH3),CO + x,CHZ0H + x 3H,0} eq(220) 0.039 0406 0.001 -1536

eq.(2.19)  0.008 -4.877 -3.880 -4.297
(X ,CH;OH + X 5H,0 + X 3C,HsOH) eq(220) 0021 0141 0591 -1.110

eq.(2.19) 0.024 -2.788 -3.039 -2.670
{(x1C7Hg + x3CF;CH,0H) + x,C¢H;30H} eq(220) 0.043 0.001 0409 1545

eq(219) 0.018 3260 4610 3.935
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Figure (4.6): Effect of temperature on excess molar volumes V,ﬁv(m +2) OF {(x1C7Hs +

XsCF3CH,0H) + x,CeH130H} at 101kPa for S1: ..., 288.15K; ; 298.15K;__ ;303.15K
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Table (4.5.a): Densities p and excess molar volumes V,ﬁv(123+4)of {(xaH20 + x2(CH3).CO +

X3CF3CH20H) + C2H5OH} at 298.15 K and 101kPa

P Vi

m,(123+4)
g.cm™? cm®.mol?

Section 1: (x°;=0.15, x°,=0.75, x° 3=0.10)

X, X5 X3 X4

0.150 0.750 0.100 0.000 0.864 -0.356
0.135 0.675 0.090 0.100 0.858 -0.366
0.120 0.599 0.080 0.201 0.850 -0.338
0.105 0.526 0.070 0.299 0.843 -0.305
0.090 0.450 0.060 0.400 0.836 -0.267
0.083 0.412 0.055 0.450 0.832 -0.248
0.075 0.375 0.050 0.500 0.828 -0.234
0.068 0.337 0.045 0.550 0.824 -0.218
0.060 0.300 0.040 0.600 0.820 -0.199
0.053 0.262 0.035 0.650 0.816 -0.177
0.038 0.188 0.025 0.749 0.808 -0.146
0.015 0.075 0.010 0.900 0.795 -0.074

Section 2: (x°;=0.20, x°,=0.50, x° ;= 0.30)

0.200 0.500 0.300 0.000 1.009 -0.260
0.180 0.450 0.270 0.100 0.987 -0.184
0.160 0.400 0.240 0.200 0.965 -0.136
0.140 0.350 0.210 0.300 0.943 -0.084
0.117 0.292 0.175 0.416 0.918 -0.063
0.100 0.250 0.150 0.500 0.900 -0.054
0.090 0.225 0.135 0.550 0.888 -0.048
0.080 0.200 0.120 0.600 0.877 -0.046
0.070 0.175 0.105 0.650 0.866 -0.039
0.060 0.150 0.090 0.700 0.855 -0.037
0.040 0.099 0.060 0.801 0.832 -0.037
0.030 0.074 0.045 0.851 0.821 -0.039
0.020 0.050 0.030 0.900 0.809 -0.031
0.010 0.025 0.015 0.950 0.798 -0.026

x?,x?,x? : initial ternary mixture



Table (4.5.a): contd.

P Vinzaia)
X Xz %3 Xy g.cm™ cm®.mol*
Section 3: (x°,=0.35, x°,=0.60, x°3=0.05)
0.350 0.600 0.050 0.000 0.866 -1.033
0.315 0.540 0.045 0.100 0.858 -1.013
0.280 0.480 0.040 0.200 0.851 -0.953
0.245 0.420 0.035 0.300 0.842 -0.839
0.210 0.361 0.030 0.399 0.834 -0.740
0.193 0.330 0.028 0.449 0.830 -0.683
0.182 0.311 0.026 0.481 0.827 -0.649
0.158 0.270 0.023 0.549 0.822 -0.587
0.141 0.241 0.020 0.598 0.818 -0.534
0.124 0.212 0.018 0.646 0.814 -0.480
0.106 0.182 0.015 0.697 0.810 -0.431
0.053 0.090 0.008 0.849 0.798 -0.245
x?,x?,x? : initial ternary mixture

] )

Table (4.5.b): Smoothing coefficients Ciq of equation (2.22) with standard deviation o for
Vi (123+4) @t 298.15 K and 101kPa

System n° Cq Cyq Cyq Cq Csq Ceq Cq O
16 -5.098 2956 -0.371 -5.001 -5.126 1.939 -39.040 0.024
17 -5.439  6.232 -17.838 -11.212 13.309 -1.342 7986 0.024
18 -4212 4580 -3.946 2895 -0.283 3.280 2303 0.010
19 -5200 -5.023 -4.209 3773 -0.407 3.125 16.620 0.016
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Figure (4.8): Excess molar volumes V,ﬁv(123+4)of {(x1H20 + x2(CH3),CO + x3CF3;CH,0H) +
C,HsOH} at 298.15 K and 101kPa for sections: e, S1; A, S2; ¢, S3; —, Kohler

Table (4.6): Summary of standard deviation os; infinite dilution for V(EmH) of quaternary

systems calculated from eq. (2.22) at 298.15 K and 101kPa

. o, Vi Vs Vs VE
Mixtures : ’
cm®.mol?
(x4,C,HsOH + x,H,0 + x32-C;H,0H) + x ,(CH,),CO 0.024  -4267 585  -1512 -2.783
{X1C,Hs0H + x,H,0 + X 3(CH,),CO} + x ,CH,0H 0024  -5193  -3480 -1.851 -6.279
(x4H,0 + x,2-C4H,OH + x ;,CF;CH,0OH) + x ,C,H;OH 0.010 -106.321  -35.245 32700  -54.093
{x{H,0 + x,(CH3)CO + x ;CF,CH,0H} + x ,C,HsOH 0.016  -3.773 -2.198  -1.469 -1.948
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Table (4.7): Standard deviations o(V,-/cm?®- mol™ )of predicted V£ for ternary and quaternary
systems at 298.15 K and 101kPa.

o(VEicm® - mol™)

Ternary Mixture

Quaternary Mixture

System n° 13 14 15 16 17 18 19
Redlich-Kister, eq (2.24) 0.014 0.024 0.030 0.030 0.040 0.038 0.027
Kohler, eq (2.25) 0.036 0.028 0.030 0.088 0.032 0.024 0.024
Colinet, eq (2.26) 0.033 0.029 0.046 0.081 0.038 0.030 0.035
Mggianu:, eq (2.27) 0.014 0.024 0.030 0.032 0.039 0.032 0.025
o (VE/em®- mol™) 0.024 0.026 0.034 0.058 0.037 0.031 0.028
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CHAPTER S

DISCUSSION

Excess molar volumes can be explained in terms of positive contributions due to breaking of
like interactions of the pure liquids and negative contributions due to the formation of unlike
interaction and to the packing effect.l%*]

The chemical interactions between the molecules in particular hydrogen bonding contribute
directly to excess thermodynamic properties. The investigated substances are all polar
molecules and have strong self —and cross — associative behaviour.[***"!

Polar substances interact often among each others and produce energetic effect of different
magnitudes.>8

In the present binary an ternary mixtures, interactions between (X;C;Hg + X,CF;CH,OH),
(x1CeH130H + x,CF;CH,0H), (x,C;Hg + x,C¢H130H), {(x;C;Hg + x3CF;CH,0H) +
X,CeH13OH}at 288.15K to 303.15K. Alcohol in mixtures may exhibit amphoteric
behaviour due the homo-molecular and hetro-molecular hydrogen bonds, and the molecular
interaction in their aqueous systems are complex and show some competition between like
and unlike molecules.[®®®® Trifluoroethanol is abetter proton donor than the other alcohols.
Because the strong electronegative inductive effects of the fluorine atoms reduces the ability
of the oxygen atom to act as a potential acceptor for hydrogen bonding with other solvents,
and makes the hydrolytic hydrogen atom considerably more aciditic than the corresponding
hydrogen atom in the hydrocarbon alcohols. [#4°!

VE,(x =05)/cm®. mol*= 1064 for (x; C;Hg + X,CF3;CH,OH) and VE,(x =0.5)/
cm®.mol*=1.491 for (x;CeHi30H + x,CF3CH,OH) and V£, (x =0.5)/cm® mol*=
0.134 for (x,C;Hg + x,C¢H130H) at 298.15K

The positive V%, values arise due to the breaking of hydrogen bonds in self-associated

alcohols and physical dipole-dipole interaction between alcohols and the presence of
m —electrons in toluene resulting in the formation of weak intermolecular complexes. The

results show that the positive values increase with increase in chain length. 67
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The mixing behavior of (trifluoroethanol + 1-alcohol) is mainly attributed to disruption or
weakening of the self-association in both trifluoroethanol and 1-alcohol through hydrogen
bonding revealing a combination of asymmetry and new weak association effecs. °®]

The ternary system of {(x;C;Hg + X3CF3CH,0H) + x,C¢H;130H} shows positive values of

mixing volumes ant were obtained for all mole fraction of ternary mixture investigate.
The ternary system of {(x;C;Hg + X3CF3;CH,OH) + x,C¢H130OH} increase their ant values

with increasing temperature for the same mole fraction.

The excess molar volumes of the quaternary agree with the values to be expected from binary

results. (6970

The ternary and quaternary systems are well predicted using binary data alone by the
empirical equations: Redlich-Kister, Kohler, Colinet,and Muggianu et al. equations. The

mean value of standard deviations of prediction is 0.034 cm*.mol™ for ternary system and

(0.030< o (V.5 /em®.mol™) < 0.060) for quaternary system.
m,q
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Conclusion:

« New data of excess molar volumes V&, have been obtained at 288.15 to 303K for binary,
ternary and quaternary mixtures composed of alcohols, aromatic hydrocarbons, acetone,
water, and fluorinated hydrocarbons.

e The mixtures studied show deviations from ideality with weak mixing properties.

e The ternary and quaternary excess molar volumes are predicted from binary values using
several empirical equations.

o The experimental data are discussed in terms intermolecular interactions.
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Table (A.1.1.a): Densities p and excess molar volumes V,ﬁ,b of (x;CH30OH + x,H,0)
at 298.15 K and 101kPa

X, P_ Vo
g.cm cm®.mol™
0.079 0.978 -0.303
0.113 0.970 -0.417
0.207 0.947 -0.676
0.319 0.921 -0.886
0.431 0.896 -0.991
0.457 0.891 -1.004
0.495 0.883 -1.008
0.55 0.871 -0.99
0.602 0.861 -0.954
0.678 0.845 -0.863
0.771 0.828 -0.692
0.879 0.808 -0.412
0.925 0.800 -0.267

Table (A.1.1.b): Smoothing coefficients and standard deviation o for V% ,, of
(x,CH30OH + x,H,0) at 298.15 K and 101kPa

A, A, A, A, A, oo

eq. (2.15)  -4.020 0.181 0.001

0.000 . T . T . T . T
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Figure (A.1): Excess molar volumes of (x;CH3OH + x,H,0) at 298.15 K and 101kPa



Table (A.1.2.a): Densities p and excess molar volumes V,ﬁ,b of (x;C,HsOH + x,H,0)
at 298.15 K and 101kPa

X, b Vo

g.cm cm®.mol®
0.041 0.987 -0.306
0.048 0.985 -0.357
0.146 0.954 -0.811
0.205 0.935 -0.956
0.297 0.907 -1.065
0.395 0.882 -1.086
0.452 0.869 -1.070
0.494 0.861 -1.050
0.557 0.849 -1.010
0.602 0.841 -0.972
0.649 0.834 -0.925
0.704 0.826 -0.853
0.806 0.812 -0.665
0.855 0.805 -0.539
0.905 0.799 -0.383
0.933 0.795 -0.284

Table (A.1.2.b): Smoothing coefficients and standard deviation o for V% ,, of
(x,C,H50H + x,H,0) at 298.15 K and 101kPa

Ay A, A, A, A, Os
eq. (2.15) -4.191 1.113 -2.45 0.801 0.001

0.000
-0.215}F

. -0.430F

mg- -0.645}F
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Figure (A.2): Excess molar volumes of (x;C,HsOH + x,H,0) at 298.15 K and 101kPa



Table (A.1.3.a): Densities p and excess molar volumes V,ﬁ,b of (x;2-C3H;0OH + x,H,0)
at 298.15 K and 101kPa

X, P Ve
g.cm cm®.mol™
0.051 0.976 -0.421
0.104 0.953 -0.684
0.151 0.932 -0.819
0.173 0.923 -0.863
0.245 0.898 -0.949
0.282 0.887 -0.973
0.332 0.874 -0.991
0.375 0.863 -0.994
0.395 0.859 -0.993
0.507 0.838 -0.939
0.639 0.818 -0.791
0.680 0.813 -0.731
0.726 0.808 -0.663
0.776 0.802 -0.589
0.816 0.798 -0.528
0.941 0.787 -0.263

Table (A.1.3.b): Smoothing coefficients and standard deviation o for V,ﬁ,b of (x12-
C3;H;0H + x,H,0) at 298.15 K and 101kPa

A, A, A, A, A, oy

eq. (2.15) -3.780 1.534 -0.832 0.796 -3.626 0.001

0.000

-0.205

-0.410F
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Figure (A.3): Excess molar volumes of (x;2-CsH; OH + x,H,0) at 298.15 K and
101kPa
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Table (A.1.4.a): Densities p and excess molar volumes V% ,, of {x;(CH;),CO + x,H,0}
at 298.15 K and 101kPa

X, P Vmn

g.cm cm®.mol™
0.048 0.979 -0.389
0.099 0.961 -0.734
0.149 0.944 -0.996
0.194 0.93 -1.179
0.194 0.93 -1.187
0.258 0.911 -1.373
0.382 0.879 -1.535
0.506 0.853 -1.478
0.556 0.843 -1.409
0.601 0.836 -1.331
0.662 0.826 -1.194
0.705 0.82 -1.082
0.772 0.811 -0.882
0.897 0.796 -0.445
0.957 0.789 -0.198

Table (A.1.4.b): Smoothing coefficients and standard deviation o for V% ;, of
{x1(CH3),CO + x,H,0} at 298.15 K and 101kPa

A, A, A, A, A, o,
eq. 2.15)  -5.939 2.136 -0.861 0.003
0.000
-0.325}F
FI'E -0.650 f
"
%3 -0.975}F
w>é
-1.300 F
-1.625 F . . . . L
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Figure (A.4): Excess molar volumes of {x;(CH3),CO + x,H,O%}at 298.15 K and
101kPa
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Table (A.1.5.a): Densities p and excess molar volumes V% ,, of {x;(CH;),CO +
Xo,CH3;0OH} at 298.15 K and 101kPa

X, p_ Vins
g.cm cm®.mol™
0.101 0.789 -0.141
0.200 0.791 -0.241
0.300 0.791 -0.306
0.400 0.791 -0.345
0.450 0.791 -0.353
0.499 0.791 -0.352
0.550 0.790 -0.347
0.597 0.790 -0.332
0.651 0.790 -0.313
0.676 0.789 -0.292
0.800 0.788 -0.220
0.858 0.787 -0.162
0.951 0.786 -0.061

Table (A.1.5.b): Smoothing coefficients and standard deviation o for V%, of
{x1(CHj3),CO + x,CH3OH} at 298.15 K and 101kPa

A, A, A, A, A,

eq. (2.15)  -1.412 0.132

0.000

-0.065 F
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Figure (A.5): Excess molar volumes of {x;(CH3),CO + x,CH;OH}
at 298.15K and101kPa



Table (A.1.6.a): Densities p and excess molar volumes V, , of (x;CH;OH +
X,C,HsOH) at 298.15 K and 101kPa

g.cm cm®.mol
0.046 0.786 0.002
0.093 0.786 0.003
0.186 0.786 0.006
0.279 0.786 0.007
0.380 0.786 0.008
0.427 0.786 0.008
0.480 0.786 0.008
0.527 0.786 0.008
0.578 0.786 0.008
0.629 0.786 0.008
0.680 0.786 0.007
0.784 0.787 0.006
0.891 0.787 0.003
0.942 0.787 0.002

Table (A.1.6.b): Smoothing coefficients and standard deviation o for V%, of
(x,CH30H + x,C,Hs0H) at 298.15 K and 101kPa

A, A, A, A, A,

eq. (2.15)  0.034 0.0001

0.010 v T v T v T T T
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Figure (A.6): Excess molar volumes of (x;CH3;OH + x,C,HsOH) at 298.15K and
101kPa



Table (A.1.7.a): Densities p and excess molar volumes V,ﬁ,b of (x;C,HsOH + x, 2-

Cs;H,0OH) at 298.15 K and 101kPa

Table (A.1.7.b): Smoothing coefficients and standard deviation o for V,ﬁ_b of

X, P Vmn

g.cm cm®.mol™
0.053 0.781 -0.002
0.099 0.781 -0.002
0.196 0.782 -0.004
0.301 0.782 -0.005
0.399 0.783 -0.006
0.450 0.783 -0.006
0.501 0.783 -0.006
0.601 0.784 -0.006
0.645 0.784 -0.006
0.699 0.784 -0.008
0.750 0.784 -0.007
0.948 0.786 -0.007

(x,C,H50H + x,2-C3H,0H) at 298.15 K and 101kPa

Ag

Ay

A,

As

eq. (2.15)

-0.028
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Table (A.1.8.a): Densities p and excess molar volumes V5 , of{x;(CH3),CO + x,2-
Cs;H;,OH} at 298.15 K and 101kPa

X P Vi
1 g.cm™ cm?®.mol™
0.050 0.781 0.052
0.101 0.780 0.098
0.201 0.780 0.175
0.299 0.780 0.236
0.393 0.780 0.269
0.437 0.780 0.281
0.550 0.780 0.283
0.593 0.780 0.280
0.648 0.781 0.264
0.697 0.781 0.241
0.749 0.781 0.221
0.772 0.782 0.210
0.898 0.783 0.104
0.949 0.784 0.058

Table (A.1.8.b): Smoothing coefficients and standard deviation o for V%, of
{x1(CH3),CO + x,2-C3H;OH} at 298.15 K and 101kPa

AO Al A2 A3 A4 O

eq. (2.15) 1.141 0.057 0.003

0.0 0.2 0.4 0.6 0.8 1.0

Xy

Figure (A.7): Excess molar volumes of {x;(CH3),CO + x,2-CsH;OH}
at 298.15 K and 101kPa



Table (A.1.9.a): Densities p and excess molar volumes V,ﬁ,b of (x,C;Hg + x,CsH130H)

at 298.15 K and 101kPa

X1 g.c/;)n’3 cms\./fmr1
0.100 0.819 0.040
0.200 0.823 0.065
0.307 0.827 0.091
0.409 0.832 0.114
0.505 0.836 0.136
0.549 0.838 0.145
0.655 0.843 0.161
0.703 0.845 0.164
0.802 0.850 0.153
0.900 0.856 0.103

Table (A.1.9.b): Smoothing coefficients and standard deviation o for V,ﬁ,b of (x,C;Hg
+ X,C¢H130H) at 298.15 K and 101kPa

Ag

Ay

A,

As

eq. (2.15) 0.537
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0.402

0.175

0.140
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Figure (A.8): Excess molar volumes of (x;C;Hg + x,CsH130H) at 298.15K and 101kPa
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Table (A.1.10.a): Densities p and excess molar volumes V.5 , of (x;C;Hs +
X,CF;CH,0OH) at 298.15 K and 101kPa

X, P Vmp

g.cm cm®.mol™
0.102 1.299 0.502
0.199 1.230 0.800
0.301 1.166 0.976
0.402 1.110 1.052
0.452 1.083 1.066
0.501 1.059 1.063
0.550 1.036 1.048
0.600 1.013 1.016
0.652 0.990 0.969
0.703 0.969 0.906
0.801 0.930 0.726
0.900 0.895 0.439

Table (A.1.10.b): Smoothing coefficients and standard deviation o for V.5 ,, of (x;C7Hs
+ X,CF;CH,0H) at 298.15 K and 101kPa

Ao A, A, Aj A, Oy
eq. (2.15) 4.254 -0.384 1.447 0.001
1125}
0.900 F
< 0675F
o
E
”g 0.450 F
WE 0225}
OOOO 2 1 2 1 2 1 2 1 2
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X

Figure (A.9): Excess molar volumes of (x;C;Hg + x,CF3CH,0OH) at 298.15K and
101kPa
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Table (A.1.11.a): Densities p and excess molar volumes V5, of (x;CsH130H +
X,CF3CH,0OH) at 298.15 K and 101kPa

X, P Vaw

g.cm cm®.mol*
0.099 1.280 0.709
0.207 1.189 1.209
0.300 1.122 1.453
0.388 1.067 1.543
0.440 1.039 1.540
0.489 1.013 1.503
0.557 0.980 1.404
0.589 0.965 1.344
0.650 0.939 1.201
0.692 0.922 1.085
0.793 0.884 0.761
0.897 0.848 0.388

Table (4.11.b): Smoothing coefficients and standard deviation o, for V5, of
(x,CsH130H + x,CF3CH,0H) at 298.15 K and 101kPa

A, A, A, A, A,

eq. (2.15)  5.964 -2.338 0.135

1.575F
1.260 |-
0.945F

0.630 F

Jem®.mol™

E
m,b

\Y

0.315

OOOO 1 1 1 1
0.0 0.2 04 0.6 0.8 1.0

Xy

Figure (A.10): Excess molar volumes of (x;CsH130H + x,CF;CH,0OH)
at 298.15 K and 101kPa



Table (A.1.12.a): Densities p and excess molar volumes V.5 , of (x;C;Hs +

X,CeH130H) at 288.15 K and 101kPa

X, P Vmp

g.cm cm®.mol™
0.050 0.824 0.019
0.100 0.826 0.034
0.200 0.831 0.059
0.299 0.835 0.080
0.400 0.839 0.102
0.450 0.842 0.113
0.500 0.844 0.124
0.529 0.845 0.130
0.579 0.848 0.140
0.700 0.854 0.153
0.799 0.859 0.142
0.901 0.865 0.096
0.950 0.868 0.054

Table (A.1.12.b): Smoothing coefficients and standard deviation o for V.5 ,, of (x;C7Hs
+ X,C¢H130H) at 288.15 K and 101kPa

A, A, A, A, A, oo
eq. (2.15)  0.498 0.429 0.351 0.001
0.16 i ) ) v ) )
0.12F
.
£
mg 0.08}
0.04F
0.00 . L L L
0.0 0.2 04 0.6 0.8 1.0

Figure (A.11): Excess molar volumes of (x,C;Hg + x,CsH130H) at 288.15K and
101kPa
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Table (A.1.13.a): Densities p and excess molar volumes V% , of (x;C;Hs +

X2C6H13OH) at 303.15 K and 101kPa

X, P Vmp

g.cm cm®.mol™
0.050 0.814 0.023
0.100 0.815 0.041
0.200 0.819 0.068
0.299 0.823 0.091
0.400 0.827 0.114
0.450 0.830 0.126
0.500 0.832 0.139
0.529 0.833 0.146
0.579 0.835 0.155
0.700 0.841 0.171
0.799 0.846 0.159
0.901 0.851 0.108
0.950 0.854 0.063

Table (A.1.13.b): Smoothing coefficients and standard deviation o for V.5 ,, of (x;C7Hs
+ X2C6H13OH) at 303.15 K and 101kPa

Ay A, A, A, A, Oy

eq. (2.15)  0.554 0.473 0.433 0.001

0.165

0.0 0.2 0.4 0.6 0.8 1.0
X
1

Figure (A.12): Excess molar volumes of (x;C;Hg + x,CgH130H) at 303.15K and
101kPa
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Table (A.1.14.a): Densities p and excess molar volumes V% , of (x;C7Hs +
X,CF3;CH,0OH) at 288.15 K and 101kPa

X, PV

g.cm cm®.mol?
0.115 1.306 0.465
0.199 1.247 0.681
0.300 1.182 0.844
0.400 1.125 0.927
0.453 1.097 0.948
0.505 1.070 0.954
0.541 1.053 0.950
0.596 1.027 0.931
0.649 1.003 0.897
0.703 0.980 0.843
0.801 0.941 0.684
0.897 0.906 0.428
0.952 0.887 0.223

Table (A.1.14.b): Smoothing coefficients and standard deviation o5 for V,‘;’l,b of (x,C;Hg
+ X,CF;CH,0H) at 288.15 K and 101kPa

A, A, A, A, A, oo

eq. (2.15)  3.816 0.018 1.293 0.0002

1.00F

0.75}F

0.50F

E g
V- Jem’.mol®
mb

0.25F

0.00 L L
0.0 0.2 0.4

Figure (A.13): Excess molar volumes of (x,C;Hg+x,CF;CH,0OH) at 288.15K and
101kPa
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Table (A.1.15.a): Densities p and excess molar volumes V.5 , of (x,C7Hs +

X,CF3CH,0OH) at 303.15 K and 101kPa

X, P VA
g.cm cm®.mol™
0.115 1.280 0.599
0.199 1.222 0.857
0.300 1.159 1.028
0.400 1.104 1.093
0.453 1.076 1.098
0.505 1.051 1.087
0.541 1.034 1.071
0.596 1.009 1.033
0.703 0.963 0.910
0.801 0.925 0.731
0.897 0.891 0.455
0.952 0.873 0.233

Table (A.1.15.b): Smoothing coefficients and standard deviation o for V.5 ,, of (x,C7Hs
+ X,CF;CH,0H) at 303.15 K and 101kPa

A, A, A, A, A, oo

eq. (2.15)  4.354 -0.665 1.719 0.001

1.230F

1.025

0.820

0.615

fem®.mol ™t

0.410

E
Vm

0.205 |

OOOO " 1 " 1 " 1 " 1 "
0.0 0.2 0.4 0.6 0.8 1.0

Figure (A.14): Excess molar volumes of (x,C;Hg+x,CF;CH,0OH) at 303.15K and
101kPa
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Table (A.1.16.a): Densities p and excess molar volumes V5, of (x;CsH130H +
X,CF3CH,0OH) at 288.15 K and 101kPa

X, p_ VAR
g.cm cm®.mol*
0.050 1.345 0.352
0.099 1.296 0.643
0.200 1.209 1.084
0.300 1.136 1.334
0.400 1.074 1.420
0.437 1.052 1.416
0.500 1.019 1.372
0.550 0.994 1.304
0.599 0.971 1.211
0.699 0.929 0.965
0.800 0.890 0.658
0.897 0.856 0.336
0.949 0.838 0.165

Table (A.1.16.b): Smoothing coefficients and standard deviation o, for V%, of
(x,CsH130H + x,CF3;CH,0H) at 288.15 K and 101kPa

A, A, A, A, A,

eq. (2.15)  5.485 -2.209 -0.112

16}

,/em’.mol”

VE

0.6 0.8 1.0
Xy

Figure (A.15): Excess molar volumes of (x;CsH130H + x,CF;CH,0OH)
at 288.15 K and 101kPa



Table (A.1.17.a): Densities p and excess molar volumes V5, of (x;CsH130H +
X,CF3CH,0OH) at 303.15 K and 101kPa

X, p_ VAR
g.cm cm®.mol™
0.050 1.320 0.410
0.099 1.271 0.743
0.200 1.187 1.228
0.300 1.116 1.493
0.400 1.055 1.578
0.437 1.035 1571
0.500 1.003 1.519
0.550 0.978 1.444
0.599 0.956 1.347
0.699 0.915 1.088
0.800 0.877 0.763
0.897 0.844 0.410
0.949 0.827 0.205

Table (A.1.17.b): Smoothing coefficients and standard deviation o, for V5%, of
(x,CsH130H + x,CF3CH,0H) at 303.15 K and 101kPa

A, A, A, A, A,

eq. (2.15)  6.071 -2.428 0.443

3 -1
A /cm”.mol

VE

0.6 0.8 1.0

X

1

Figure (A.16): Excess molar volumes of (x;CsH130H + x,CF;CH,0OH)
at 303.15 K and 101kPa



Table (A.1.17. c): Effect of temperature on smoothing coefficients for V., at 101kPa

, the mean standard deviation of fit is o5 = 0.001.

T/K (x1C;Hg + x,C¢H430H) (x,C;Hg + x,CF,CH,0OH) (x,C¢H130H + x,CF;,CH,0OH)
Ao Ay Ao Ay A, Ao A,
288,15 0,498 0,429 3,816 0,018 1,293 5,485 -0,112
298,15 0,537 0,450 4,254 -0,384 1,447 5,964 0,135
303,15 0,554 0,460 4354 -0,665 1,719 6,071 0,443
Ao(T) = A01 + A02T ; Al(T) = A11 + A12T ; Az(T) = A21 + A22T
Mixtures Ay Ay, A, A Ay Ay
To + 1-HexOH -0.584 0.004 -0.384 0.003 -1.210 0.005
To+ TFE -6.829 0.037 12.930 -0.045 -6.340 0.026
1-HexOH + TFE -6.117 0.040 1.932 -0.014 -10.294 0.035

Table (A.1.18): Summary of standard deviation o; V% , (x = 0.5); and infinite dilution

calculated from eq. (2.12) at 298.15 K and 101kPa

Mixtures 9 Vo (4=09) Vi Vinz
cm3.mol *

x;CH,OH + x ,H,0 0.001 -1.005 -4.201 -3.839
x1C,Hs0H + x,H,0 0.001 -1.048 -8.555 -4.727
x12-C3H;0H + x,H,0 0.001 -0.945 -10.568 -5.909
x1(CH;),CO + x,H,0 0.003 -1.485 -7.214 -4.664
x1(CH;),CO + x,CH;0H 0.002 -0.353 -1.544 -1.279
x1(CH3),CO + x,C,H;OH 0.001 -0.073 -0.574 -0.240
x;CH,OH + x ,C,H:OH 0.0001 0.009 0.034 0.034
x1C,HsOH + x,2-C3H;,0H 0.002 -0.007 -0.028 -0.028
X 1(CH;),CO + x,2-C3H;0H 0.003 0.285 1.084 1.198
x1C7Hg *+ X ,CsH130H 0.001 0.134 0.488 1.389
x;1C7H8 + x,CF;CH,0H 0.001 1.064 6.085 5.318
X 1CsH130H + x ,CF;CH,0H 0.001 1.491 8.437 3.761
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Figure (A.17): Effect of temperature on excess molar volumes V% , for binary
mixtures (X; C¢H130H + x, CF,CH,0H) at: ...;288.15K; _._.. 5 298.15K; _, 303.15K

1.230

\l
1

1.025

0.820 S e

o o
N ()]
= =
o al
) v ) )
~
X
o~i
1 1 1

Vr'.En Jem®.mol™®

o
H¥)
o
a1
T
1

e T T T ——
0.0 0.2 0.4 0.6 038 10

X

Figure (A.18): Effect of temperature on excess molar volumes V% ,, for binary
mixtures (X; C;Hg + x, CF,CH,0OH) at: ...;288.15K; - .- - 5 298.15K; _; 303.15K
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Figure (A.19): Effect of temperature on excess molar volumes V% ,, for binary
mixtures (X; C;Hg + x, CgH130OH) at: ...;288.15K; - .- .- 5 298.15K; _; 303.15K
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Table (A.2.1.a): Densities p and excess molar volumes V. of (x;CH3OH + x,H,0 +
x3C,HsOH) at 298.15 K and 101kPa

X X X P Ve
! 2 3 g.cm™ cm®.mol*
0.085 0.806 0.109 0.945 -0.845
0.089 0.247 0.664 0.820 -0.763
0.099 0.529 0.372 0.870 -1.082
0.113 0.116 0.771 0.802 -0.437
0.115 0.623 0.262 0.894 -1.093
0.123 0.513 0.365 0.868 -1.076
0.123 0.426 0.451 0.850 -1.011
0.130 0.339 0.531 0.835 -0.910
0.167 0.177 0.656 0.811 -0.600
0.175 0.678 0.146 0.913 -1.033
0.196 0.519 0.285 0.872 -1.081
0.251 0.615 0.134 0.900 -1.057
0.261 0.451 0.288 0.860 -1.034
0.263 0.318 0.419 0.834 -0.871
0.331 0.101 0.568 0.801 -0.361
0.344 0.194 0.462 0.815 -0.615
0.345 0.406 0.249 0.853 -0.986
0.380 0.350 0.271 0.843 -0.911
0.387 0.512 0.101 0.880 -1.044
0.393 0.462 0.144 0.868 -1.029
0.402 0.242 0.356 0.823 -0.717
0.486 0.090 0.425 0.800 -0.309
0.534 0.087 0.379 0.799 -0.297
0.589 0.308 0.103 0.840 -0.838
0.671 0.121 0.208 0.806 -0.398
0.716 0.121 0.163 0.806 -0.399

0.772 0.103 0.124 0.804 -0.347




Table (A.2.1.b): Smoothing coefficients and standard deviation o for V.5 , of
(x,CH30H + x,H,0 + x3C,HsOH) at 298.15 K and 101kPa

eg. (2.20);(2.21) C, C, C,

0.685 1.289 -1.772 0.021
eq. (2.19) Cu Ca Ca Cu Cs Cet Cxn

-4.397 -4529 -0.368 -0.887 1.018 0.368 4.161 0.024

(b) EtOH

Figure (A.20): Excess molar volumes (cm*.mol™) of (x;CH;OH + x,H,0 +
x3C,HsOH) at 298.15 K and 101kPa : (a): AV4,; (b): Vi,
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Table (A.2.2.a): Densities p and excess molar volumes Vi . of {x;(CH5),CO +

XoCH30H + x3H,0} at 298.15 K and 101kPa

1 2 s g.cm™ cm®.mol?
0.057 0.804 0.139 0.812 -0.557
0.078 0.727 0.195 0.821 -0.741
0.096 0.070 0.833 0.946 -0.891
0.124 0.822 0.054 0.798 -0.365
0.125 0.491 0.384 0.854 -1.157
0.127 0.281 0.592 0.893 -1.257
0.128 0.395 0.477 0.871 -1.243
0.128 0.619 0.253 0.831 -0.939
0.130 0.130 0.740 0.923 -1.141
0.138 0.651 0.211 0.824 -0.854
0.220 0.060 0.720 0.910 -1.332
0.221 0.695 0.084 0.803 -0.558
0.235 0.648 0.118 0.808 -0.676
0.243 0.262 0.494 0.868 -1.380
0.250 0.453 0.296 0.835 -1.131
0.253 0.127 0.620 0.889 -1.422
0.255 0.373 0.372 0.847 -1.260
0.259 0.497 0.244 0.827 -1.027
0.352 0.471 0.177 0.815 -0.893
0.368 0.251 0.381 0.843 -1.313
0.380 0.126 0.494 0.860 -1.452
0.382 0.372 0.245 0.823 -1.062
0.398 0.498 0.104 0.804 -0.691
0.447 0.279 0.274 0.825 -1.120
0.491 0.316 0.193 0.814 -0.927
0.494 0.383 0.123 0.805 -0.740
0.513 0.119 0.368 0.835 -1.288
0.623 0.261 0.116 0.802 -0.674
0.624 0.057 0.319 0.825 -1.164
0.640 0.130 0.230 0.814 -0.956
0.765 0.118 0.117 0.799 -0.585
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Table (A.2.2.b): Smoothing coefficients and standard deviation o for V.5 , of
{x1(CH3),CO + x,CH30H + x3H,0} at 298.15 K and 101kPa

eq. (2.20);(221) C, C, C, O
0.265 3.300 -1.324 0.039
eq. (2.19) Cu Ca Cy Cy Cs C et Cx

-1.544 -4.267 -5.997 -0.111 -0.287 2.321 2.275 0.008

(b)

Figure (A.21): Excess molar volumes (cm®.mol™) of {x,(CHs),CO + x,CH;OH +
xsH,O} at 298.15 K and 101kPa: (a): AVE . . (b): V5,
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Table (A.2.3.a): Densities p and excess molar volumes V,ﬁ,(13+2)of {(x,C7Hg +

X3CF3CH,0H) + x,CgH130H} at 298.15 K and 101kPa

E
P Vm,(13+2)
g.cm™ 3 1
cm”.mol

Sectionl: x°; =025, x°3=0.75

X X, X3

0.250 0.000 0.750 1.197 0.901
0.224 0.103 0.673 1.135 1.237
0.200 0.200 0.600 1.083 1.403
0.175 0.300 0.525 1.037 1.452
0.150 0.400 0.450 0.996 1.398
0.137 0.451 0.412 0.976 1.340
0.125 0.500 0.375 0.959 1.266
0.100 0.600 0.300 0.925 1.074
0.074 0.705 0.221 0.893 0.826
0.025 0.900 0.075 0.840 0.290
0.012 0.951 0.037 0.827 0.145
0.045 0.821 0.134 0.860 0.514

Section2: x°; =05, x°3=05

0.500 0.000 0.500 1.059 1.063
0.450 0.100 0.450 1.024 1.196
0.399 0.202 0.399 0.992 1.228
0.349 0.302 0.349 0.964 1.183
0.300 0.400 0.300 0.938 1.085
0.275 0.451 0.274 0.926 1.017
0.250 0.500 0.250 0.914 0.937
0.225 0.550 0.225 0.903 0.865
0.200 0.600 0.200 0.892 0.781
0.175 0.650 0.175 0.881 0.690
0.150 0.700 0.150 0.871 0.598
0.099 0.802 0.099 0.851 0.401
0.049 0.902 0.049 0.832 0.204

x?, x? : initial ternary mixture



Table (A.2.3.a): contd.

X, X, X4 pia M
g.cm cm®.mol*
Section3: x°;,=0.75, x°3=0.25
0.750 0.000 0.250 0.826 0.826
0.674 0.101 0.225 0.859 0.859
0.601 0.199 0.200 0.831 0.831
0.524 0.301 0.175 0.762 0.762
0.450 0.400 0.150 0.672 0.672
0.412 0.450 0.138 0.620 0.620
0.337 0.550 0.113 0.512 0.512
0.300 0.600 0.100 0.457 0.457
0.262 0.651 0.087 0.402 0.402
0.225 0.700 0.075 0.347 0.347
0.160 0.787 0.053 0.251 0.251
0.075 0.900 0.025 0.123 0.123

x?, x? - initial ternary mixture

Table (A.2.3.b): Smoothing coefficients and standard deviation o, for Vfl’(13+2)of
{(x,C;Hg + x3CF3CH,0H) + x,C¢H130H} at 298.15 K and 101kPa

eq. (2.20);(2.21)

Co Cy

C,

1.018 -1.802 -4.368

0.043

eq. (2.19)

Ci Cx

Ca

Ca

Cos

o

Cx

0.762 6.2/0 4.494 -0.658 2.695 -0.385 -3.470 0.018
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Figure (A.22): Excess molar volumes V,ﬁ,(13+2) of {(x,C;Hg + x3CF3CH,0H) +
X,CeH130OH} at 298.15 K and 101kPa for sections: ,S1; A,S2; ¥ ,S3.
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Figure (A.23): Excess molar volumes (cm*.mol™) of {(x;C;Hg + x;CF3CH,OH) +
x2CeH130H} at 298.15 K and 101kPa: (a) Vyy; (1342) i(0) Viri (1342
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Table (A.2.4.a): Densities p and excess molar volumes Vm,(13+2) of {(x,C;Hg +

X3CF3CH,0H) + x,CgH,30H} at 288.15 K and 101kPa

E
P _ Vm,(13+2)
g.cm cm®.mol*

Sectionl: x°; =025, x°3=10.75

Xy X, X3

0,250 0,000 0,750 1,212 0,826
0,224 0,103 0,673 1,150 1,067
0,200 0,200 0,600 1,097 1,232
0,175 0,300 0,525 1,049 1,299
0,150 0,400 0,450 1,007 1,274
0,137 0,451 0,412 0,987 1,230
0,125 0,500 0,375 0,969 1,169
0,100 0,600 0,300 0,935 0,999
0,074 0,705 0,221 0,902 0,766
0,025 0,901 0,075 0,847 0,258
0,012 0,950 0,037 0,835 0,126
0,045 0,822 0,134 0,868 0,468

Section2: x°; =05, x°3=05

0,500 0,000 0,500 1,073 0,954
0,450 0,100 0,450 1,037 1,054
0,399 0,203 0,399 1,004 1,091
0,349 0,303 0,349 0,975 1,070
0,300 0,400 0,300 0,949 1,002
0,275 0,451 0,274 0,936 0,949
0,250 0,501 0,250 0,923 0,888
0,225 0,550 0,225 0,912 0,819
0,200 0,599 0,200 0,901 0,743
0,175 0,650 0,175 0,890 0,657
0,150 0,700 0,150 0,879 0,569
0,099 0,803 0,099 0,859 0,376
0,049 0,901 0,049 0,840 0,184

x?, x? : initial ternary mixture



Table (A.2.4.a): contd.

E
Section3: x°; =0.75, x°3=0.25
0,750 0,000 0,250 0,961 0,775
0,674 0,101 0,225 0,943 0,785
0,601 0,199 0,200 0,926 0,761
0,524 0,301 0,175 0,911 0,708
0,450 0,400 0,150 0,896 0,636
0,412 0,450 0,138 0,889 0,593
0,337 0,550 0,113 0,876 0,497
0,300 0,600 0,100 0,869 0,446
0,262 0,651 0,087 0,863 0,392
0,225 0,700 0,075 0,857 0,337
0,160 0,787 0,053 0,846 0,240
0,075 0,900 0,025 0,833 0,112

x?, x? : initial ternary mixture

Table (A.2.4.b): Smoothing coefficients and standard deviation o for VmE,(13+2) of
{(x,C7Hg + x3CF3CH,0H) + x,C¢H;130H} at 288.15 K and 101kPa

eq. (2.20);(2.21)

Co Cy

C,

-2.115 0.623 2.861

0.029

eq. (2.19)

Ci Cx

Ca

Ca

Coe

o

Ca

0.765 5.640 4.023 -0.534 2.153 -0.167 -2.831 0.019
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Figure (A.24): Excess molar volumes VmE,(13+2) of {(x,C;Hg + x3CF3;CH,0H) +
X,CeH13OH} at 288.15 K and 101kPa for sections: e, S1; A,S2; ¥ ,S3.
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Table (A.2.5.a): Densities p and excess molar volumes Vm,(13+2) of {(x,C;Hg +

X3CF3CH,0H) + x,CgH,30H} at 303.15 K and 101kPa

E
P Vo
g.cm cm®.mol?

Sectionl: x°; =025, x°3=0.75

Xy X, X3

0.250 0.000 0.750 1.190 0.914
0.224 0.103 0.673 1.127 1.302
0.200 0.200 0.600 1.077 1.470
0.175 0.300 0.525 1.031 1.514
0.150 0.400 0.450 0.990 1.455
0.137 0.451 0.412 0.971 1.394
0.125 0.500 0.375 0.953 1.317
0.100 0.600 0.300 0.920 1.120
0.074 0.705 0.221 0.888 0.865
0.025 0.901 0.075 0.836 0.310
0.012 0.950 0.037 0.823 0.156
0.045 0.822 0.134 0.856 0.544

Section2: x°; =05, x°3=05

0.500 0.000 0.500 1.053 1.088
0.450 0.100 0.450 1.018 1.233
0.399 0.203 0.399 0.986 1.273
0.349 0.303 0.349 0.958 1.232
0.300 0.400 0.300 0.933 1.136
0.275 0.451 0.274 0.921 1.069
0.250 0.501 0.250 0.909 0.995
0.225 0.550 0.225 0.898 0.914
0.200 0.599 0.200 0.887 0.828
0.175 0.650 0.175 0.877 0.733
0.150 0.700 0.150 0.867 0.638
0.099 0.803 0.099 0.847 0.430

0.049 0.901 0.049 0.829 0.221




Table (A.2.5.a): contd.

X X X P Vinsi2
1 2 3 g.cm™ cm®.mol*
Section3: x°; =075, x°3=0.25

0.750 0.000 0.250 0.945 0.835
0.674 0.101 0.225 0.927 0.873
0.601 0.199 0.200 0.911 0.853
0.524 0.301 0.175 0.896 0.791
0.450 0.400 0.150 0.882 0.705
0.412 0.450 0.138 0.875 0.654
0.337 0.550 0.113 0.863 0.546
0.300 0.600 0.100 0.856 0.490
0.262 0.651 0.087 0.850 0.432
0.225 0.700 0.075 0.844 0.375
0.160 0.787 0.053 0.835 0.273
0.075 0.900 0.025 0.822 0.133

Table (A.2.5.b): Smoothing coefficients and standard deviation o for VmE,(13+2) of
{(x,C7Hg + x3CF3CH,0H) + x,C¢H130H} at 303.15 K and 101kPa

eq. (2.20);(2.21)

Co Cy

C,

1.206 -1.839 -2.821

0.022

eq. (2.19)

Ci Cx

Ca

Ca

Cos

o

Can

0.793 6.477 4.588 -0.519 2.782 -0.489 -3.027 0.020
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Figure (A.25): Excess molar volumes VmE,(13+2) of {(x,C;Hg + x3CF3;CH,0H) +
X,CeH13OH} at 303.15 K and 101kPa for sections: e, S1; A,S2; V¥ ,S3.
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Table (A.2.5.c): Effect of temperature on smoothing coefficients and standard
deviations of V,ﬁ’m +2) for {(x,C;Hg + x3CF3CH,0H) + x,CsH30H} at 101kPa

eg. (2.20);(2.21) Cq C, C,
T/IK Os
eq. (2.19) Cu Ca Ca Ca Cet Coe Cn
288.15 -2.115 0.623 2.861 0.029
0.765 5.640 4.023 -0.534 2.153 -0.167 -2.831 0.019
298.15 1.018 -1.802  -4.368 0.043
0.762 6.270 4.494 -0.658 2.695 -0.385 -3.470 0.018
303.15 1.206 -1.839  -2.821 0.022
0.793 6.477 4.588 -0.519 2.782 -0.489 -3.027 0.020

Table (A.2.6): Standard deviations o (V “/cm®: mol™ )of predicted V,Z for {(x;C;Hsg +
X3CF3CH20H) + X2C6H13OH} atT

T/IK 288.15 298.15 303.15
Redlich-Kister, eq (2.24) 0.020 0.030 0.015
Kohler, eq (2.25) 0.033 0.030 0.023
Colinet, eq (2.26) 0.030 0.046 0.023
Mggianu:, eq (2.27) 0.020 0.030 0.015

o(VEfem® mol”) 0035 0045  0.025
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Table (A.2.7): Summary of standard deviation o5 ,extreme and infinite dilution for

VE 5 of ternary systems calculated at 298.15 K and 101kPa

VE‘ . V Eow V Ecw VETO
Mixture os wex)  x(ex) (Ex) Vi m ms
cm’mol™ cm’mol™

£x1(CH2),CO + x,CH;OH + x3H,0} eq(220) 0039 0406 0001 -1536

eq.(2.19)  0.008 -4.877 -3.880 -4.297
(X LCH5OH + X ;H,0 + X 1C,H5OH) eq(220) 0021 0141 0591 -1.110

eq(219) 0024 2788 -3.039 -2.670
£(¢,C4Hs + X 4CF-CH,OH) + X ,CsH,;OH} eq.(220) 0043 0001 0409 1545

eq.219) 0018 3260 4610 3.935
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Table (A.3.1.a): Densities p and excess molar volumes V,ﬁ,(123+4) of {(x;,C,HsOH +

XoH,0 + x32-C3H;OH ) + (CH3),CO} at 298.15 K and 101kPa

E
P Vm,(123+4)
,3 —_—
g.cm cm®.mol*

Section 1: (x°,=0.15, x°,=0.60 , x° 5= 0.25)

X, X, X, X,

0.151 0.602 0.247 0.000 0.866 -1.060
0.143 0.572 0.235 0.050 0.863 -1.202
0.135 0.542 0.223 0.100 0.857 -1.205
0.120 0.482 0.198 0.200 0.847 -1.247
0.106 0.423 0.174 0.297 0.838 -1.226
0.090 0.362 0.149 0.399 0.828 -1.137
0.078 0.313 0.129 0.480 0.821 -1.042
0.068 0.271 0.111 0.550 0.815 -0.912
0.060 0.241 0.099 0.600 0.811 -0.847
0.054 0.216 0.089 0.641 0.808 -0.753
0.045 0.182 0.075 0.698 0.804 -0.669
0.038 0.150 0.062 0.750 0.800 -0.552
0.030 0.121 0.050 0.799 0.797 -0.474
0.016 0.063 0.026 0.895 0.790 -0.208
0.007 0.029 0.012 0.952 0.788 -0.156

Section 2: (x°;=0.2, x°,=0.4, x° 3= 0.4)

0.201 0.402 0.397 0.000 0.829 -0.940
0.192 0.385 0.380 0.043 0.828 -0.959
0.147 0.293 0.290 0.270 0.816 -0.872
0.128 0.255 0.252 0.365 0.811 -0.789
0.118 0.235 0.232 0.415 0.809 -0.758
0.108 0.215 0.213 0.464 0.806 -0.696
0.098 0.196 0.194 0.512 0.804 -0.631
0.087 0.175 0.173 0.565 0.802 -0.574
0.077 0.154 0.152 0.617 0.800 -0.536
0.066 0.133 0.131 0.670 0.797 -0.444
0.056 0.112 0.110 0.722 0.795 -0.374
0.045 0.091 0.090 0.774 0.793 -0.310
0.022 0.045 0.044 0.889 0.788 -0.149
0.012 0.023 0.023 0.942 0.787 -0.078

x?, x?, xQ - initial ternary mixture



Table (A.3.1.a): contd.

E
X, X, Xg X, g,cﬁq—s ﬁ
Section 3: (x°;=0.24 ,x°,=0.32, x° ;=0.44)
0.239 0.319 0.442 0.000 0.818 -0.814
0.227 0.303 0.419 0.051 0.816 -0.824
0.215 0.287 0.398 0.100 0.815 -0.829
0.191 0.255 0.353 0.201 0.811 -0.770
0.167 0.223 0.309 0.301 0.807 -0.685
0.146 0.194 0.269 0.391 0.803 -0.603
0.132 0.175 0.243 0.450 0.801 -0.542
0.120 0.160 0.221 0.499 0.800 -0.513
0.108 0.144 0.200 0.548 0.798 -0.436
0.096 0.128 0.176 0.600 0.796 -0.396
0.084 0.111 0.154 0.651 0.795 -0.347
0.073 0.098 0.135 0.694 0.793 -0.291
0.060 0.080 0.111 0.749 0.791 -0.239
0.048 0.064 0.089 0.799 0.790 -0.187
0.024 0.031 0.044 0.901 0.787 -0.094
0.012 0.016 0.022 0.950 0.786 -0.086
Section 4: (x°;=0.3,x°,=0.6, x°3=0.1)
0.300 0.600 0.100 0.000 0.875 -1.110
0.285 0.571 0.095 0.049 0.869 -1.187
0.270 0.540 0.090 0.100 0.863 -1.237
0.240 0.480 0.080 0.200 0.852 -1.278
0.210 0.421 0.070 0.299 0.841 -1.266
0.180 0.360 0.060 0.400 0.831 -1.205
0.150 0.300 0.050 0.500 0.821 -1.068
0.120 0.241 0.040 0.599 0.813 -0.936
0.090 0.181 0.030 0.699 0.805 -0.723
0.059 0.119 0.020 0.802 0.797 -0.497
0.031 0.062 0.010 0.897 0.791 -0.284
0.008 0.016 0.003 0.973 0.786 -0.098

x?, x?, xQ - initial ternary mixture
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Table (A.3.1.b): Smoothing coefficients and standard deviation o, for V,ﬁ’(123+4) of

{(x;,C,Hs0OH + x,H,0 + x32-C3H,0H) + (CH3),CO} at 298.15 K and 101kPa

C1q C2q CSq C4q C5q C6q C7q O

eq. (2.22) -5.098 2956 -0.371 -5.001 -5.126 1.939 -39.040 0.024

0.0 T T T T T T T T

-0.6
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«
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Figure (A.26): Excess molar volumes V,ﬁ’(123+4)of {(x,C,Hs0H + x,H,0 + x32-

C3;H;0OH) + (CH53),CO} at 298.15 K and 101kPa for sections: e, S1; A,S2; ¥,S3; ¢,
S4; —,Muggianu
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Table (A.3.2.a): Densities p and excess molar volumes V,ﬁ,(123+4)0f {(x,C,HsOH +

XoH,0 + x3(CH3),CO) + CH;OH} at 298.15 K and 101kPa

P VE

- m,(123+4)
g.cm cm®.mol*

X X5 X3 Xy

Section 1: (x°;=0.1,x°,=0.1, x°3=0.8)

0.100 0.101 0.799 0.000 0.796 -0.420
0.095 0.096 0.758 0.051 0.797 -0.577
0.090 0.091 0.721 0.098 0.796 -0.488
0.079 0.080 0.635 0.205 0.797 -0.512
0.070 0.071 0.560 0.299 0.797 -0.518
0.060 0.061 0.480 0.399 0.797 -0.519
0.054 0.055 0.435 0.455 0.796 -0.498
0.050 0.051 0.400 0.500 0.796 -0.485
0.045 0.045 0.358 0.552 0.796 -0.460
0.040 0.041 0.321 0.599 0.796 -0.442
0.035 0.036 0.281 0.649 0.795 -0.412
0.030 0.031 0.242 0.697 0.794 -0.378
0.006 0.006 0.044 0.945 0.789 -0.100

Section 2: (x°;=0.25, x°,=0.25, x° ;= 0.50)

0.250 0.250 0.500 0.000 0.815 -0.931
0.238 0.237 0.476 0.049 0.816 -0.975
0.226 0.225 0.451 0.098 0.815 -0.921
0.200 0.200 0.400 0.200 0.813 -0.885
0.175 0.175 0.350 0.301 0.811 -0.828
0.150 0.149 0.299 0.402 0.809 -0.754
0.137 0.137 0.275 0.451 0.808 -0.713
0.125 0.125 0.250 0.500 0.807 -0.680
0.107 0.106 0.213 0.574 0.805 -0.597
0.098 0.098 0.196 0.608 0.804 -0.564
0.087 0.087 0.175 0.650 0.802 -0.517
0.075 0.074 0.149 0.702 0.800 -0.462
0.062 0.062 0.124 0.751 0.799 -0.402
0.031 0.031 0.062 0.877 0.793 -0.216

x?, x?, xQ  initial ternary mixture



Table (A.3.2.a): contd.

P VE
Xl X2 X3 X4 g.cm’3 m,(123+4)

cm®.mol*

Section 3: (x°;=0.4,x°,=0.4,x°3=0.2)

0.400 0.400 0.200 0.000 0.842 -1.266
0.380 0.380 0.190 0.051 0.841 -1.249
0.360 0.360 0.180 0.101 0.838 -1.186
0.320 0.320 0.160 0.200 0.834 -1.113
0.280 0.280 0.140 0.301 0.829 -1.016
0.240 0.240 0.120 0.399 0.826 -0.986
0.221 0.221 0.110 0.449 0.822 -0.857
0.200 0.200 0.100 0.501 0.819 -0.810
0.180 0.180 0.090 0.550 0.816 -0.740
0.160 0.160 0.080 0.601 0.814 -0.705
0.139 0.139 0.070 0.652 0.810 -0.609
0.119 0.119 0.060 0.702 0.807 -0.543
0.099 0.099 0.049 0.753 0.804 -0.461
0.080 0.080 0.040 0.801 0.801 -0.390
0.040 0.040 0.020 0.900 0.794 -0.218
0.020 0.020 0.010 0.950 0.791 -0.126

x?, x?, xQ  initial ternary mixture

Table (A.3.2.b): Smoothing coefficients and standard deviation o, for V,ﬁ’(123+4)

{(x;,C,H50OH + x,H,0 + x3(CHj3),CO) + CH;0OH} at 298.15 K and 101kPa

Clq Czq ng C4q C5q qu C7q O

eq. (2.22) -5439 6.232 -17.838 -11.212 13.309 -1.342 7.986 0.024
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Figure (A.27): Excess molar volumes V,ﬁ’(123+4)of {(x,C,Hs0OH + x,H,0 +
X3(CH3),CO) + CH3;OH} at 298.15 K and 101kPa for sections: e, S1; A,S2; ¢, S3; _
,Colinet; ...,Kohler
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Figure (A.28): Surface of excess molar volumes V,ﬁ,(123 +4)0f {(x1C2Hs0H + x;H,0 +
X32-C3H;0H) + (CHj3),CO} at 298.15 K and 101kPa for sections: S1



Table (A.3.3.a): Densities p and excess molar volumes VmE,(123+4) of {(x;H,O + x,2-

C3;H;0OH + x3 CF3CH,0H) + x,C,HsOH} at 298.15 K and 101kPa

p \AS

m,(123+4)
-3 —_—
g.cm cm®.mol*

Section 1: (x°;=0.15,x°,=0.75, x°3=0.10)

X X5 X3 X4

0.150 0.750 0.100 0.000 0.857 -0.189
0.134 0.670 0.089 0.107 0.850 -0.185
0.118 0.593 0.079 0.210 0.844 -0.188
0.105 0.525 0.070 0.300 0.838 -0.201
0.090 0.451 0.060 0.399 0.832 -0.189
0.083 0.413 0.055 0.449 0.828 -0.172
0.079 0.397 0.053 0.471 0.827 -0.168
0.074 0.369 0.049 0.508 0.824 -0.165
0.067 0.335 0.045 0.553 0.821 -0.153
0.060 0.300 0.041 0.599 0.818 -0.135
0.045 0.223 0.031 0.701 0.810 -0.112
0.037 0.184 0.025 0.754 0.806 -0.090
0.030 0.150 0.021 0.799 0.802 -0.080
0.015 0.074 0.010 0.901 0.794 -0.041
0.007 0.036 0.005 0.952 0.790 -0.020

Section 2: (x°1=0.35, x°,=0.60 , x° 3= 0.05)

0.349 0.599 0.052 0.000 0.857 -0.694
0.331 0.569 0.050 0.050 0.854 -0.693
0.313 0.538 0.048 0.101 0.850 -0.690
0.279 0.478 0.042 0.201 0.844 -0.674
0.243 0.418 0.037 0.302 0.837 -0.635
0.209 0.358 0.032 0.401 0.830 -0.587
0.191 0.329 0.029 0.451 0.827 -0.563
0.174 0.299 0.026 0.501 0.823 -0.530
0.156 0.268 0.024 0.552 0.819 -0.496
0.090 0.154 0.014 0.742 0.805 -0.321
0.139 0.239 0.021 0.601 0.815 -0.420
0.122 0.209 0.018 0.651 0.812 -0.379
0.112 0.193 0.017 0.678 0.810 -0.346
0.086 0.147 0.013 0.754 0.804 -0.297
0.069 0.119 0.010 0.802 0.800 -0.236
0.051 0.088 0.008 0.853 0.797 -0.172
0.035 0.061 0.005 0.899 0.793 -0.138
0.017 0.029 0.003 0.951 0.789 -0.070

x?, x?, xQ - initial ternary mixture



Table (A.3.3.b): Smoothing coefficients and standard deviation o for VmE,(123+4) of

{(x;H,0 + x, 2-C3H;0H + x3CF;CH,0OH) + x,C,HsOH} at 298.15 K and 101kPa

Cl CZ C3 C4 C5 C6 C7 O

eq. (2.22) -4212 4580 -3.946 2.895 -0.283 3.280 2.303 0.010
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Figure (A.29): Excess molar volumes V,ﬁ’(123+4)0f {(x;H,0 + x,2-C3H;OH +

X3CF;CH,0H) + x4C,HsOH} at 298.15 K and 101kPa for sections: e, S1; A,S2; ¢,
S3; _,Kohler’s eq
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Table (A.3.4.a): Densities p and excess molar volumes V,ﬁ,(123+4)0f {(x;H,0 +

X2(CH3)2CO + X3CF3CH20H) + C2H5OH} at 298.15 K and 101kPa

E
Xy X2 Xg X4 g. cfn -3 c\géflrﬁ;‘)rl
Section 1: (x°,;=0.15, x°,=0.75, x° 5= 0.10)
0.150 0.750 0.100 0.000 0.864 -0.356
0.135 0.675 0.090 0.100 0.858 -0.366
0.120 0.599 0.080 0.201 0.850 -0.338
0.105 0.526 0.070 0.299 0.843 -0.305
0.090 0.450 0.060 0.400 0.836 -0.267
0.083 0.412 0.055 0.450 0.832 -0.248
0.075 0.375 0.050 0.500 0.828 -0.234
0.068 0.337 0.045 0.550 0.824 -0.218
0.060 0.300 0.040 0.600 0.820 -0.199
0.053 0.262 0.035 0.650 0.816 -0.177
0.038 0.188 0.025 0.749 0.808 -0.146
0.015 0.075 0.010 0.900 0.795 -0.074
Section 2: (x°;=0.20, x° ,=0.50 , x° 5= 0.30)
0.200 0.500 0.300 0.000 1.009 -0.260
0.180 0.450 0.270 0.100 0.987 -0.184
0.160 0.400 0.240 0.200 0.965 -0.136
0.140 0.350 0.210 0.300 0.943 -0.084
0.117 0.292 0.175 0.416 0.918 -0.063
0.100 0.250 0.150 0.500 0.900 -0.054
0.090 0.225 0.135 0.550 0.888 -0.048
0.080 0.200 0.120 0.600 0.877 -0.046
0.070 0.175 0.105 0.650 0.866 -0.039
0.060 0.150 0.090 0.700 0.855 -0.037
0.040 0.099 0.060 0.801 0.832 -0.037
0.030 0.074 0.045 0.851 0.821 -0.039
0.020 0.050 0.030 0.900 0.809 -0.031
0.010 0.025 0.015 0.950 0.798 -0.026

x?, x?, xQ - initial ternary mixture
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Table (A.3.4.a): contd.

P VmE,(123+4)
Xy X, X3 Xy g.cm™ cm®.mol*

Section 3: (x°;=0.35, x°,=0.60, x° 3=0.05)

0.350 0.600 0.050 0.000 0.866 -1.033
0.315 0.540 0.045 0.100 0.858 -1.013
0.280 0.480 0.040 0.200 0.851 -0.953
0.245 0.420 0.035 0.300 0.842 -0.839
0.210 0.361 0.030 0.399 0.834 -0.740
0.193 0.330 0.028 0.449 0.830 -0.683
0.182 0.311 0.026 0.481 0.827 -0.649
0.158 0.270 0.023 0.549 0.822 -0.587
0.141 0.241 0.020 0.598 0.818 -0.534
0.124 0.212 0.018 0.646 0.814 -0.480
0.106 0.182 0.015 0.697 0.810 -0.431
0.053 0.090 0.008 0.849 0.798 -0.245

x?, x?, xQ - initial ternary mixture

Table (A.3.4.b): Smoothing coefficients and standard deviation o for V,fl,(123+4)0f

{(x;H,0 + x,(CH5),CO + x3CF;CH,0H) + C,H;0H} at 298.15 K and 101kPa

Clq Czq ng C4q C5q qu C7q O

eq. (2.22) -5200 -5.023 -4209 3.773 -0.407 3.125 16.620 0.016
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Figure (A.30): Excess molar volumes V,ﬁ,(123+4)0f {(x;H,0 + x,(CH3),CO +
X3CF;CH,0H) + C,HsOH} at 298.15 K and 101kPa for sections: e, S1; A, S2; ¢, S3;
_,Kohler
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Table (A.3.5): Summary of standard deviation os; infinite dilution for Vs, 4y of

quaternary systems calculated from eq. (2.22) at 298.15 K and 101kPa

Oy VmEf VmEDZO V Ef
Mixtures : : -
cm®.mol™
(x 1C,H50H + x,H,0 + x 32-C3H;0H) + x 4(CH5),CO 0.024  -4267 -585  -1512 -2.783
{x1C,H50H + x,H,0 + x 3(CH5),CO} + x ,CH;0H 0.024  -5193 -3480 -1.851 -6.279
(x4H,0 + x,2-C5H;0H + x ;CF;CH,0OH) + x ,C,H;OH 0010  -106.321  -35245 32700  -54.093
{x1H,0 + x »(CH3)CO + x 3CF;CH,0H} + x,C,HsOH 0016  -3.773  -2.198 -1469 -1.948

Table (A.3.6): Standard deviations o (V “/cm?*: mol™ ) of predicted V£ for ternary and

quaternary systems at 298.15 K and 101kPa.

o(VEicm® mol™)

Ternary Mixture

Quaternary Mixture

System n° 13 14 15 16 17 18 19
Redlich-Kister, eq (2.24) ~ 0.014 0.024 0.030  0.030 0.040 0.038 0.027
Kohler, eq (2.25) 0.036 0.028 0.030 0.088 0.032 0.024 0.024
Colinet, eq (2.26) 0.033 0.029 0.046 0.081 0.038 0030 0.035
Mggianu:, eq (2.27) 0.014 0.024 0.030 0.032 0039 0032 0.025
o (V,E/em® mol™) 0.024 0.026 0.034 0.058 0.037 0031 0.028
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