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1.1. General introduction:

Acknowledge ment of chemical and physical properties
of pure liquids and their mixtures is important both
academically and industrially. Many industrial processes
use mixtures of solvents and knowledge of the subject
area is critical to the efficient utilization-preparation
development and economic design of appropriate
equipment for these processes are only possible if the
chemical and physical properties of the solvent or
substances to be processed are known. For this reason,
the properties furthermore, many attempts have been
made to correlate these data using semi-empirical or
theoretical approaches considerable programs have also
been made in the development of statistical theories. The
calculation of physical properties using statistical theories
Is still not yet possible for complicated molecules such as
long chain molecules, because of the range of different
conformations, which can occur and the effect of these

various structures on the intermolecular interactions™.

The intensive properties my include density, viscosity

(or fluidity) , refractive index, speed of sound and relative



permitivity. The ,practical studies of binary, ternary and
guaternary mixtures reveal the importance of molecular
interactions (hydrogen bonding, charge-transfer
complexes, dipole- dipole, dipole-induced dipole,
interstitial accommodate chain alignment ...etc.) on the
physical properties of these mixtures®®. Knowledge of the
mixing properties are useful in design and simulation
processes, in the synthesis of pharmaceuticals, lacquers,
resins, polymers, oxygenated fuels, and paint . Some of
these properties are density, reflective index, and

viscosity®?.



1.2. Density:

Density (p) refers to the mass contained within aunty

volume under specified conditions' ©

Where:

(p) is the density of the solution.

(w) is the weight of the liquid.

(v) is the volume of the liquid, its units (cm™).

The density is one of the important physical properties
which are used to distinguish between the materials with
single and multi conditions. The density of the liquid
materials is in the middle between the densities of solid
and gases, this means that the average space between
the molecules of the liquid is larger than the average
space of solid and smaller than the average space of gas

material .

The density of most liquids decreases on increases

temperature. As the liquid is expanded when it is heated,



so its volume increases , then its density decreases
specific temperature the density of different liquids are
clearly different when considering the relative forces
between the molecules. Whenever this force is large,
molecules become closer to each other which make

density larger .©"
1.3. Ideal Mixture:

The ideal mixture is a hypothetical one whose
properties are introduced into the thermodynamic
description of real mixture as convenient standard of
normal behavior. There are several definitions of an ideal
liquid mixture, one of the most convenient is that it is a
mixture in  which the chemical potentials of all

components are given by the equation:

WP, T, X) = i° (P, T) + RTINXi ... [1-2]

where ui° (P, T) and Xi is the chemical potential and mole
fraction of pure component, i, at same pressure and

temperature as the mixture being studied.

For an ideal mixture, the molar function of mixing are



given by the molar Gibbs function:

Apix G=RT[XINX + (I-X)IN(1-X)]..coeevnene [1-3]
The molar entropy

Amix S=R[-XINX + (I-X)IN(I-X)]....covviinnns [1-4]

The molar enthalpy

The molar volume
Amix vi=0 ............. [1-6]

For an ideal mixture the molar Gibbs energy of mixing is

negative and the molar entropy of mixing is positive for

any value of X mole fraction®.



1.4. Molar mixing functions:

The molar function of mixing for a binary mixture [xA+(1-

X)B] where X denotes the molar function of A, are defined

by:
Ao X = Xin XX a=(LX)X v [1-7]

Where X, is the molar quantity of binary mixture

[XA+(1-X)B] at the temperature T and pressure P and
where X 5, and X g are the molar quantities of the pure

substances A and B at same temperature and pressure.
X denotes any extensive quantity such as Gibbs free

energy (G), enthalpy (H), entropy (S), or volume (V)®.
1.5.Excess Function:

Excess partial molar quantities can be written as the
difference between the partial molar quantities for the

non-ideal mixture and those of an ideal mixture.

It has become customary to use instead of the molar

function of mixing Anix Xm, the excess molar function

Xfi - Am|x Xm = Am|x Xi ................ [1'8]



So that "excess" means excess over ideal.

Thermodynamic function like Gibbs energy, molar
polarization, entropy and enthalpy and excess molar
volume are used by workers®! | in investigating the
orientation of molecular dipoles and molecular interaction
in binary and ternary mixture in polar-polar, polar-non
polar liquids. Payne and Theodorou? have suggested
that the excess function are more useful than the
thermodynamic functions in interpreting the molecular
interactions in such binary mixtures. The miscibility
between the two liquids in a mixture is maximum when

the molecular interaction between them is more.

1.6. Theories of solution pertaining to volume change

on mixing:

Thermodynamic properties of mixtures are most readily
determined by experiments carried out under conditions
of constant pressure™® . Yet, most theories of solutions

yield thermodynamic properties at constant volume.

Theconversion from one set of conditions to the other
utilizes the volume change on mixing . Several different

theories™ for mixing at constant volume are possible.



1.7. Corresponding state approaches:

Pitzer'™ is has usually been credited with the
formulation of the corresponding states approach in terms
of molecular interaction. Many Workere®®?? applied the
molecular corresponding state equation to liquid mixtures.

Longuet- Higgins®!

conformal solution equation for
volume changes on mixing reduced in the first order to

the regular solution equation.

The basic assumption of any corresponding state
theory is that the intermolecular potential energy is due to
central forces only and has the same form for all pair
interactions. The theory is characterized by parameters.
-E, the energy of a molecular pair at its equilibrium
distance, and o, the collision diameter. For substances
which obey the principle of corresponding states a plot of
reduced volume (VINs®) against the reduced
temperature (KT/E) at fixed value of the reduced pressure
(P¢®/E) should give the same curve not only for the pure
substances A and B, but for A-B mixtures, each of which
has suitably averaged E and o value appropriate to its

composition. Usually the Leunard - Jones interaction



potential is used along with the Lorentz-Berthelot

combining rules of the A-B interactions.

oag = (1/2)( ocpatoss)........ [1-9]
and

Eas = ( Ean Egg)%......... [1-10]

Kohler®® does not use the geometric mean rule but
develops an equation based on the dispersion forces
formula but which does not require acknowledge ment of
jonization potential for systems with components of
similar electronic structure there is little difference
between the interaction energies given by Kohler's

equations and the geometric mean.
1.8. Literature survey :

The literature indicated to many researches and studies
concerned with the thermo dynamic properties of binary
mixtures containing hydrocarbons have been studied
extensively from both the experimental and theoretical
point®39  Gomez - Ibanez and liu®*® measured the
excess volumes for cyclohexane the hexane and n -
dodecane at 288.15k, 298.15k and 308.15k using



apycnometer. The experimental results were compared
with these predicted from theories of solution resulting in
gualitative but not quantitative agreement and these

systems are independent of the temperature.

Goateset al'*®*” measured the excess volumes with the
vibrating tube densimeter for cyclohexane + n - hexane, +
n -heptane + n - octane + n - nonane, and + n - decane
and for n -hexane + n - heptane, + n - octane, + n -
nonane, and + n - decane at 283.15k, 298.15k, and
303.15 k. The excess volume increases regularly with the

increasing size of the alkyl group of the hydrocarbon.

These studies include the excess molar volumes,
excess Gibbs free energy and excess enthalpies®®.
Recently the excess molar volumes of ternary and
guaternary mixtures containing hydrocarbon are reported

in the literature®®*4,

Aminabhavi et al.®®* determined the excess molar
volumes for the binary mixtures of cyclohexane with
hexane, heptane, octane, nonane, dodecane, tridecane,
tetradecane and pentadecane at ( 298.15k, 303.15k and

308.15 k) the results of excess molar volume are



comparable with the available published results at
298.15k.

Shukla et al.“, tested the validity for the statistical
mechanical concept of Flory for the theoretical prediction
of excess volume for three quaternary mixtures
containing n - alkanes, and they found excellent
agreement both in sign and magnitude with experimental

values for these systems.

Al-Dujali,A.H.“® and Awwad,A.M. excessmolar
volumes of binary mixtures of an isomer of pentanol + an
n - alkane at 288.15k,298.15k, 308.15k and 315.15k. The
excess molar volumes V* of binary mixtures of pentan - 1
- 01+ n - hexane, pentan - 2 - 01 + n - hexane, pentan - 3
- 01 + n - hexane, pentan - 1 - 01 + n - decane, pentan -2
- 01 + n - decane, pentan 3 - 01 + n - decane were
determined from precise density measurment over the
whole mole fraction range and at 288.15k, 298.15k,
308.15k and 318.15k in the case of the (pentan 1 - 01 + n
- hexane ) system, V" volumes are negative excess for
mole fraction of less then 0.1 where they become positive

VE volumes are positive over the whole mole fraction



range and all temperatures studied for pentan - 2 -01 + n
- hexane, pentane -3 - 01 + n - hexane. Pentan -1 -0l + n
- decane, pentane - 2 - 01 + n - decane + pentan - 3 -

ol+ n - decane.

Mier rt.ai “”*® have studied the excess molare heat

capacities Cpi and excess molar volumes Vfl of all

possible binary and Ternary mixtures from [x; CH3(CH,)s
CHs+ X, CHs; C(CHs3),-CHp-CH(CHs) CH; + X3 CHg
C(CH3), OCyHs + (1-X1 - Xo -X3) C,HsOH] ...(1) , The
experimental results are compared with values calculated
for the birovy results using coline'ts extended kohler's

equation”) .
1-9 Aim of this study

The academic and technological importance of hydroca
, bons and sugars their mixtures lead us in this work to
intrestigate  excess properties of the binary system

mixtures containing cyclohexane and some
sugar The aim of this study is

To get a complete picture on molecular interactions of

these mixtures .






2.1 Materials :

The chemical materials in this research were reported
in table (2-1) with some physical properties and supplies

of all chemicals used in this study.

Table (2-1), the chemical materials used in this

research and some physical properties.

Cyclohexane 6-5 C°

D- Glucose . . 146C°

D- lactose . . 202.8 C°

D- furactose . . 100-104 C°

These materials were involved in the preparation of the
different mixtures used for binary,. It is useful to mention
that no additional purifying procedure were done these
materials. These materials were kept over the molecular
sieves (union carbide 4A) to becom dry before their use.

Measurement of density (p), of the pure compounds were



done and the data obtained were compared with the
standard values, mentioned in the literatures as shown in
table(2-2), This table shows that theth results were
compatible with these in the literatures and this proves

the high standards of our measuring equipments.

Table (2.2): Experimental and Literature Values of

Densities p, pure component at 298.15k.

Obs. = observed , Lit. = Literature (87 - 99)



2.2 Mixtures preparation :

All binary, mixtures over the whole mole fraction range
0 < x < 1 were prepared by mass on asingle pan mettler
balance ( sartorius) in with accuracy of £ 0.0001 g and air
tight stoppered bottle pure component liquids were taken
separately in glass stoppered bottles. The required
volume of each volatile liguid was weighted and

transferred directly into an air tight stoppered bottle.

The charged bottle was closed and weighted. The
second, and third preparation component liquid was
injected to in the bottle through the stopper by means of a
syringe respectively. This procedure hindered any vapor
loss and contamination. In the preparation of different
binary, care was taken to ensure that the same procedure

was adopted throughout the present work.

The mole fraction Xi of component liquid (i) in the
binary, mixtures was calculated using the following

equation:

Xi = (Wi /Mi) /| X3 i(Ws /MS) .. ... [2-1]

Where :-



W i and Mi are, respectively the weight in gram and the
molecular weight of the component liquid i th. The

calculated mole fraction was accurate to + 1 x 10
2.3.Mode of action
The dissolve (15gm) of glucose in (75 ml) of water .

the system component from two materials ( glucose
and cyclohexane ).

the mixing of materials according to the table (2-3 )
. table ( 2.3 ). explaine how to mix materials the

reaction .

5 0

1
2
3
4
5
6
7
8
9
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where

Al= The volume of the first material .

A2= The volume of the second material .

record the weight of the volumetric bottle it empty , after
addition ,lucose and after addition cyclohexane .

where

WO= weight volnmetric bottle which is empty .

W1= weight glucose.

W2= weight cyclohexane.

was calculated number of moles and mole fraction

by the equation

nq
Xy =——
ny +n,
1—%‘1 :xz
Wy Wy
nn=——, Ny =——
Mw.t, Mw.t,

and calculated excess molar volume VE Dby

equation

. XM +Xxm Xqm Xom
VE (Cm3.mol 1): 1My TXM, X111y + 212
Pm P1 P2







3.1 Results :
3.1.1 Densities (p):

Experimental results of the densities of pure
component liquids and the binary mixtures cyclohexane +
some sugar at 298.15k, 303.15k are listed in table (3-1).

3.1.2 Excess molar volumes, (V%, ):

The excess molar volumes for binary mixtures
were calculated from the measured densities using

the following expressiont®® .

x My + x;M M M
VE/em?® .mol™t = [ - - 2]—[xl—l+x2—2 ......... [3—1]
Pm P1 P2

Where X;, M; and p; are respecttively the mole
fraction molar mass and density of component (1). X,, M,
and p, are the mole fraction, mol are mass and density of
component (2). p,, is the mixture density. The equation

[3-]] may be written as:

XMy + X,M
@hm?mwﬂ=llﬁ 22 XV = XoVy e [3—2]

Where V,; and V, are the molar volume of liquid 1 and



The obtained results of V5 are listed in table (3-3)
plotted as a function of the mole fraction X; at 298.15K -
303.15K (3.1) .

The experimental excess molar volume VS5 for
cyclohexane Glucose , Lactose and furactose system is

negative from ideality at low mole fractions of Glucose .
3.2.Discassion

The experimental excess molar volume V5for
cyclohexane + some sugars is negative from ideality at
Low mole fraetum at 298.15 and 303.15K . This sugyests
that globular molecule cyclohexane disturbing the
orientational order in. cyclohexane and hydrogen bonding
intraction in sugar and result less packed structure . It
seens that in addition to the above discussed molecular
interactions, the size and molar volume of cyclohexane
and sugar could increasc the devation from ideatity with
increasing the molar volume of cyclohexane and some

sugars .



Figure (3.1) Excess molar volumes V= versus X, for
cyclohexane + X, Glucose 298.15 K, 303.15K
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Figure (3.2) Excess molar volumes VE versus X1 for
cyclohexane + X2 furactose 298.15 K, 303.15K
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Figure (3.3) Excess molar volumes VE versus X1 for

cyclohexane + X2 lactose 298.15 K, 303.15K
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Table (3.1) Experimental values of the densities (P) and excess
molar volumes (V1Ez) for binary mixtures of two temperatures.

X1 Cyclohexane + X, Glucose
‘X1303.15K‘ X,303.15K ‘ P (g.cm°) 303.15k ‘ Vi2 (cm?.mol ) 303.15k

1 0 : :
0.86345 | 0.13655 : :

0.73778 | 0.26222
0.6214 0.3786
0.51326 | 0.48674
0.41283 | 0.58717
0.31915 | 0.68085
0.2318 0.7682
0.14947 | 0.85053
0.07245 | 0.92755

X, Cyclohexane + X, Glucose

IX 298. 15K| X»298.15K | P (g.cm®) 298.15k | V12(cm .mol 1) 298.15k ‘

0.8633 0.1367
0.7376 0.2624
0.62118 || 0.37882
0.5132 0.4868
0.4126 0.5874
0.31855 || 0.68145
0.2313 0.7687
0.14937 || 0.85063
0.072398 | 0.92602




Table (3.2) Experimental values of the densities (P) and excess
molar volumes (Vi%) for binary mixtures of two temperatures.

X1 Cyclohexane + X, furactose

X 1 303. 15K| X230315K | p (g.om?) 30315k || Vi (em".mol %) 303 45k
0.8657 ‘ 0.1343

0.7414 || 0.2586
0.625 0.375
0.5172 || 0.4828
0.4171 || 0.5829
0.3232 | 0.6768
0.2338 | 0.7662
0.15104 | 0.84896
0.07315 | 0.92685

X Cyclohexane + X, furactose

I X 1298.15K | X,298.15K | P (g.cm®) 298.15k | Vi3 (cmP.mol %) 298.15k

0.865 0.135

0.7405 0.2595
0.625 0.375

0.5176 0.4824
0.4159 0.5841
0.3223 0.6777
0.2346 0.7654
0.1517 0.8483
0.07358 0.92649




Table (3.3) Experimental values of the densities (P) and excess

E . .
molar volumes (Y12) for binary mixtures of two temperatures.

I X Cyclohexane + X, lactose
X;303.15K ‘ X, 303.15K P (g.cm3) 303.15k
1 0

Vi5 (cmP.mol ) 303.15k

0.774

0.226

0.60311

0.39689

0.46875

0.53125

0.3628

0.6372

0.2739

0.7261

0.202

0.798

0.1405

0.8595

0.08683

0.91317

0.04048

0.95952

X1 Cyclohexane + X, lactose
iX1298.15K | X,298.15K | D (g.cm®) 298.15k | V1Ez(cm3.mo| ™) 298.15k |
1 0

0.7734

0.2266

0.6034

0.3966

0.47028

0.52972

0.36335

0.63665

0.2756

0.7244

0.2023

0.7977

0.1402

0.8598

0.08085

0.71315

0.04056

0.9594
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