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Abstract

Density and viscosity of the binary liquid mixtures of (THFA +
cyclopentanol, THFA + 1-pentanol and cyclopentanol + 1-pentanol) have been
measured as a function of composition range at 293.15, 303.15, 313.15K. From
density and viscosity data, the values of excess molar volume (V5), the excess

viscosity (n%) and excess Gibbs free energy of activation flow (AG ™) were
calculated and correlated by the Redlich-kister type function to derive the
coefficients and estimate the standard error. Deviations from ideal behavior are
discussed from the point of view of the molecular interactions present between
the unlike molecules. As for all the binary mixtures studied the excess molar
volume showed a positive deviation from i1deal behavior at the three
temperatures studied except for two points was negative at 293.15K for the
system THFA+ cyclopentanol, while the excess viscosity and excess Gibbs free
energy showed a negative from ideal behavior at the three temperatures.

Introductions

A knowledge of excess thermodynamic properties of multicomponent liquid
systems 1s essential in many practical problems concerning heat transport, mass
transport, fluid flow, etc. [1, 2, 3].The thermodynamic excess functions are of
great importance in helping to comprehend the nature and extent of the patterns
of molecular aggregation that exist in a real mixture, resulting [rom
mtermolecular interactions. In fact, the interaction between the molecules can be
established from a study of characteristic sudden departure from ideal behavior
of some physical properties volume, viscosity, dielectric constant, refractive
index, and others that reflects the real behavior of solutes in solvents. [4, 5,
6].Alcohols are organic compound which 1s widely used within the chemical
industry. Alcohols are 1n use as fuel, perfumes, cosmetics, paints, drugs, gums,
resins, explosives, fats, waxes, plastics, rubber, lacquers, varnishes,detergents,
etc. |7, 8].
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~ In the present work, density and viscosity, were determined over the whole
concentration range of the binary mixtures of (THFA+ cyclopentanol) and
(THF A+1-pentanol) in the different temperature (293.15, 303.15 and 313.15K).
The excess molar volume and the deviation of the viscosity were derived.
Related to these systems I have not found published work for VF and 1 at any
temperature.
Experimental

Chemicals: THF A cyclopentanol and 1-pentanol were purchased from Merck
with purity higher than 99% (all) and used without further purifications. The
stated purity,density and viscosity of pure components are reported in Table (1).
The resultant values are 1n good agreement with values found in literature[9-12].
Density measurements:

Densities of pure components and binary mixtures were measured with an
Anton paar digital densimeter (model DMAG0/602) with an accuracy of £ 107
gem™. The temperature of measuring cell was maintained at (293.15K,303.15K
and 313.15K) using a (HaKKE-DI-E) with an uncertainty of +0.01K .
Experiments were generally repeated at least three times for each composition ,
and the results were averaged.

Viscosity measurements:

The kinematic viscosity v (= n/p) of pure solvents and their mixture were
measured by using (cannon- Ubbelohde semi Micro) Viscometer ; the
uncertainty in the kinematic viscosity was £ 0.001 mpa.s . All measurements
were performed in a thermostat maintained at desired temperature with accuracy
of £ 0.01K . Its described above were performed at least three times , and the
results were averaged to give the final values.

Results and discussion
The obtained experimental data of density and viscosity for binary systems

THFA + cyclopentanol ., THFA + 1-pentanol and cyclopentanol + 1-pentanol at
three temperature (293.15, 303.15 and 313.15K) shown in Tables( 2, 3 and 4) on
the basisof experimental data, the corresponding excess properties were
calculated as follows :
Excess molar volumes ( V) :
VE = (XqM; +XoMy) /pw - XaMy / py = XoMa / ps 1

Where X;, M; piare the mole fraction , the molar mass and the density of
component 1 and py, 1s the density of the mixture ,respectively.

Excess viscosities were obtained by using:

N® = N — XiN: +XzN5) (2)
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Where X, , X; are the mole fraction of components 1 and 2 respectively and
N; . N the viscosities of pure components 1 and 2 and I, is the viscosity of the
mixture.
Excess Gibbs energy of activation of viscous flow (AG*E):
AG™ =RT [In( N,,Vi) — Xiln NV - (XpIn N, Vy) | 3)
Where R 1s the universal constant of gases. T is the absolute temperature .V,
and V, are the molar volumes of component 1 and 2 , X, and X, represents the
mole fraction of component 1 and 2. [];, [, and I, are the viscosity of
component 1, 2 and mixture respectively.
V1 1s obtained from equation 4 below:
Vi =X M+ X My) py C)
The excess functions of the binary systems can be represented by a Redlich-
Kister [13] type equation:

XE= XX, > 4.5, - X ) 3)

Where X represents any of the following properties: VE , N%,AG™ ; X; and
Xjare the mole fractions of the components 1 and j , respectively , and Ay denotes
the polynomial coefficients.

The values of these coeflicients and the standard deviation are given in Table
(5 ). The standard deviation , ¢, for the excess parameters were evaluated by the
following equation:

XEIC—X;IJ 5 /2
5= [Z( o ) } ©)

m—-n
Where (m) is the number of data points and (n) 1s the number of estimated
parameters.

In figure 1 (a-c), excess molar volumes (V5) are plotted against (X;) mole
fractions for the binary mixtures of [(a) (X; THFA + X,cyclopentanol), ( b) ( X
THFA + X, I-pentanol) and (¢) (X, cyclopentaol + X, 1-pentanol)]. It can be
seen that the 1sothermal curves at (293.15,303.15 and 313.15 K) are positive for
all the systems studied over the entire composition range at all the temperatures
except for two points was negative at 293.15K for the system(THFA+
cyclopentanol). Several effects may contribute to the values of VF, such as
breaking of liquid order on mixing , contribution to the difference in size and
shape of the components,difference in free volumes, and hydrogen bonding
interactions|14].

Positive contributions arise from the breakup of interactions between
molecules namely, the rupture of hydrogen bonded chains and loosing of dipole
interactions [15]. In all plots , V¥ increase with increase in temperature (except
for mixtures cyclopentanol + 1-pentanol), V' decrease with increase in
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temperature. The excess molar volume for all the systems attains a maximum
between 0.19-0.39 of the mole fraction of THFA.

In figure 2 (a- c) , the viscosity deviations are negative over the whole
composition range. The viscosity deviations are decreasing as the temperature
increase, and this behavior 1s similar in all systems. The negative values of the
deviation in viscosity (%) suggest the existence of weak intermolecular
interactions for all systems studied|[16]. This show that the strength of the
specific forces is not the factor influencing the viscosity deviation in the liquid
mixture. This lead to suggestions that combinations of an interactive and non
interactive force are responsible in negative interactions [17].

The plots of excess Gibbs free energy of activation of viscous flow against
mole fractions at 293.15,303.15 and 313.15 for THFA + cyclopentanol, THF A+
I-pentanol and cyclopentanol + 1-pentanol are presented in figure 3 (a-c).
Excess properties provide information about the molecular interactions and
macroscopic behavior of fluid mixtures which can be used to test and improve
thermodynamic models for calculating and predicting fluid phase equilibria [18].
Excess Gibbs free energy of activation of viscous flow was found to be negative
for all plots. In all plots AG™® decreased with increase in temperature for THF A+
I-pentanol and cyclopentanol + 1-pentanol while increases with increasing
temperature of the binary mixture THFA + cyclopentanol. The magnitude of
AG* indicative of weak interactions between unlike molecules [19]. The excess
Gibbs free energy of activation of viscous flow attains a maximum between
0.74-0.92 of mole fraction of THFA.

Conclusion
The densities and viscosities of the pure components were measured at
(293.15.303.15 and 313.15K). The densities and viscosities of the binary

systems | THFA+ cyclopentanol, THFA + 1-pentancl and cyclopentanol + 1-
pentanol] at these temperatures were also determined over the whole
composition range. The excess molar volume (VF), excess viscosity () and
excess (Gibbs free energy AG "were determined from experimental results of
density and viscosity and fitted to the Redlich-Kister polynomial equation.
Excess molar volumes are positive for all the binary mixtures studied
here(except for two points was negative at 293.15K for the system THFA+
cyclopentanol). All systems studied showed a negative deviation from ideal
behavior in excess viscosity and excess Gibbs free energy over the whole
temperature and composition ranges.
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Table (1): Comparison between measured and Literature Data for the

density and viscosity of components at (293.15K,303.15K and 313.15K).

Compound T/ K plg.cm™) N mpa.s
experimental literature experimental literature
THFA 293.15 1.05240 1.05240[9] 6.88775 6.2400[ 9]
303.15 1.04484 371814 | L
313.15 1.03152 339783 | .
cyclopentanol 293.15 0.87852 464912 | .
303.15 0.87174 0.93908[9] 320518 | L
313.15 0.86233 227241 | L
1-pentancl 293.15 0.81822 0.81503,0.8150[10,11] 1.88233
303.15 0.81054 0.80759,0.80760[12] 1.23429
313.15 0.80870 1.03061

Table (2): Experimental values of density and viscosity and calculated
values of excess molar volume , excess viscosity and excess Gibbs free
energy for binary mixtures of THFA+cyclopentanol at (293.15,303.15, and

313.15) K
X; THFA + X; cyclopentanol
293.15K
plg.cm™) N 293.15K VEem’mol ! N" mpa.s AG ¥ Tmol™
293.15K 293.15K 293.15K 293.15K
X4

0.0000 0.87852 371614 0.00000 0.00000 0.00
0.0994 0.89408 3.74977 0.17149 -0.28163 -124.77
0.1953 0.90822 3.84177 0.42887 -0.49378 -200.59
0.2935 0.92352 3.98961 0.59978 -0.65740 -252.99
0.3954 0.94165 4.23743 0.53908 -0.73277 -261.25
0.4962 0.96060 4.54748 0.38140 -0.74241 -243.72
0.5949 0.97950 484853 0.20229 -0.75440 -241.29
0.6921 0.99718 5.16938 0.12727 -0.74183 -233.27
0.7962 1.01726 5.62504 -0.05597 -0.61633 -188.40
0.9005 1.03512 6.07036 -0.01695 -0.50181 -158.97
1.0000 1.05240 6.88775 0.00000 0.00000 0.00
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303.15K
plg.cm™) N 303.15K VEem’mol ! N® mpa.s AG FT mol™
X, 303.15K 303.15K 303.15K 303.15K
0.0000 0.87174 3.29518 0.00000 0.00000 0.00
0.0994 0.88508 3.19266 0.41265 -0.23710 -156.30
0.1953 0.89743 3.12090 0.85972 -0.43869 -285.30
0.2935 091198 3.23060 1.09945 -0.46196 -277.20
0.3954 0.93098 3.32807 0.92573 -0.50246 -294.94
0.4962 0.95075 3.42955 0.66338 -0.53746 -313.21
0.5949 0.96955 3.52877 0.47781 -0.57186 -324.80
0.6921 0.98826 3.68226 0.28635 -0.54998 -313.35
0.7962 1.00718 3.81802 0.20227 -0.55517 -314.44
0.9005 1.02666 4.03601 0.07523 -0.47840 -268.13
1.0000 1.04484 4.64912 0.00000 0.00000 0.00
X; THFA + X; cyclopentanol
313.15K
pg.cm™) N 313.15K V" em’mol” N" mpa.s AG T mol™
X 313.15K 313.15K 313.15K 313.15K
0.0000 0.86233 2.27241 0.00000 0.00000 0.00
0.0994 0.86581 2.18808 1.52205 -0.19620 -65.03
0.1953 0.87899 2.17392 1.83207 -0.31829 -272.70
0.2935 0.89606 2.25485 1.73669 -0.34788 -282.66
0.3954 0.91508 2.32247 1.50038 -0.39493 -318.36
0.4962 0.93581 2.40541 1.07348 -0.42544 -343.44
0.5949 0.95477 2.49539 0.81732 -0.44653 -357.69
0.6921 0.97456 2.57869 0.46350 -0.47263 -383.08
0.7962 0.99501 2.69727 0.17823 -0.47119 -382.37
0.9005 1.01312 2.83390 0.14010 -0.45195 -363.82
1.0000 1.03152 3.39783 0.00000 0.00000 0.00

Table (3): Experimental values of density and viscosity and calculated

values of excess molar volume, excess viscosity and excess Gibbs free energy
for binary mixtures of THFA+1-pentanol at (293.15,303.15, and 313.15) K.

X; THFA + X;1-pentanol
293.15K
plg.cm™) N 293.15K VEem’mol! N® mpa.s AG T mol™
293.15K 293.15K 293.15K 293.15K
X4

0.0000 0.81822 1.88233 0.00000 0.00000 0.00
0.1157 0.84102 1.85294 0.23930 -0.60844 -397.01
0.2235 0.85710 1.95316 1.14741 -1.04781 -587.66
0.3308 0.86635 2.03038 2.88879 -1.50768 -791.58
0.4431 0.88701 2.22249 336487 -1.87768 -914.30
0.5405 0.89321 2.32485 519214 -2.26287 -1064.82
0.6312 0.91022 2.94911 555232 -2.09260 -767.74
0.7265 0.95444 3.24700 3.03082 -2.27173 -892.67
0.8273 0.98508 3.67041 2.33510 -2.35289 -929.35
0.9182 1.01790 4 43764 1.29136 -2.09066 -780.03
1.0000 1.05240 6.88775 0.00000 0.00000 0.00
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303.15K
pg.cm™) N 303.15K V' em’mol” N" mpa.s AG T mol™

X 303.15K 303.15K 303.15K 303.15K
0.0000 0.81054 1.23429 0.00000 0.00000 0.00
0.1157 0.82042 1.28978 1.93543 -0.344561 -230.38
0.2235 0.84058 1.39805 2.30365 -0.59945 -377.64
0.3308 0.85098 1.51644 3.90754 -0.84747 -492.33
0.4431 0.87554 1.73357 3.87865 -1.01383 -529.50
0.5405 0.88426 1.87817 5.42806 -1.20184 -615.69
0.6312 0.89521 2.09479 6.51898 -1.29494 -617.09
0.7265 0.93711 2.31429 4.14626 -1.40088 -739.62
0.8273 0.97704 2.53249 2.41089 -1.52689 -891.53
0.9182 1.00506 2.81135 1.83057 -1.55843 -946.86
1.0000 1.04484 464912 0.00000 0.00000 0.00

X; THFA + X;1-pentanol
313.15K
plg.cm™) N 313.15K VEem’mol! N" mpa.s AG FT mol™

Xy 313.15K 313.15K 313.15K 313.15K
0.0000 0.80870 1.03061 0.00000 0.00000 0.00
0.1157 0.81142 1.07789 2.78419 -0.22660 -176.02
0.2235 0.82241 1.14578 4.21552 -0.413%0 -316.28
0.3308 0.84301 1.23670 435512 -0.57699 -445.62
0.4431 0.86591 1.38719 4.37995 -0.69233 -493.19
0.5405 0.87004 1.51909 6.40110 -0.79100 -500.71
0.6312 0.88568 1.65799 6.79661 -0.86680 -552.85
0.7265 0.91231 1.83429 6.01328 -0.91610 -603.29
0.8273 0.96468 2.10455 2.63156 -0.88446 -641.35
0.9182 0.98506 2.29795 2.69141 -0.90624 -693.30
1.0000 1.03152 3.39783 0.00000 0.00000 0.00

Table (4): Experimental values of density and viscosity and calculated
values of excess molar volume , excess viscosity and excess Gibbs free
energy for binary mixtures of cyclopentanol +1-pentanol at (293.15, 303.15,

and 313.15) K

X; cyclopentanol + X;1-pentanol

293.15K
plg.cm™) N 293.15K VEem’mol! N" mpa.s AG FT mol™

X, 293.15K 293.15K 293.15K 293.15K
0.0000 0.81822 1.88223 0.00000 0.00000 0.00
0.1135 0.81999 1.84203 0.58811 -0.24836 -226.04
0.2451 0.82524 1.96077 0.85959 -0.37095 -284.68
0.3309 0.82876 1.95422 1.03107 -0.53486 -430.57
0.4409 0.83345 1.98028 1.23681 -0.71053 -575.34
0.5572 0.83907 2.07670 1.38299 -0.82739 -648.52
0.6468 0.84433 2.11252 1.39109 -0.95589 -755.12
0.7404 0.85059 2.15415 1.31919 -1.085%90 -864.55
0.8259 0.85702 2.22004 1.18215 -1.17682 -036.45
0.9208 0.86615 2.43215 0.81711 -1.13875 -880.83
1.0000 0.87852 3.71614 0.00000 0.00000 0.00
618 GOl aell ¢ 19 Al ¢ ;,,\uhuiﬂ A Y A< dla,




Excess parameters of binary mixtures of tetrahydro- furfurylalcohol with
cyclopentanol and 1-pentanol at (293.15, 303.15 and 313.15K) ...................

Dhafir T.Ajeel Al-heetimi

«W

303.15K
plg.ocm™) N 303.153K Voem mol™ N° mpa.s AG T mol™

X1 303.15K 303.15K 303.15K 303.15K
0.0000 0.81054 1.23429 0.00000 0.00000 0.00
0.1135 0.81431 1.31918 0.34453 -0.14902 -101.10
0.2451 0.82041 1.52695 0.52744 -0.21247 -48.13
0.3309 0.82398 1.62555 0.70809 -0.29069 -94.92
0.4409 0.82912 1.76702 0.87666 -0.37591 -148.44
0.5572 0.83498 1.92981 1.01415 -0.45281 -206.47
0.6468 0.84108 2.06199 0.93479 -0.50528 -260.01
0.7404 0.84876 2.14499 0.70928 -0.61518 -394.66
0.8259 0.85608 2.25902 0.48548 -0.67735 -478.70
0.9208 0.86404 2.37957 0.27743 -0.75239 -585.15
1.0000 0.87174 3.29518 0.00000 0.00000 0.00

X; cyclopentanol + X;1-pentanol

313.15K
plg.cm™) N313.13K Voo mol™ N mpa.s AG T mol™

X 313.15K 313.15K 313.15K 313.15K
0.0000 0.80870 1.03061 0.00000 0.00000 0.00
0.1135 0.81409 1.03455 0.03198 -0.13701 -13.36
0.2451 0.81927 1.09127 0.22505 -0.24371 -13.45
0.3309 0.82367 1.18321 0.22572 -0.25840 -86.69
0.4409 0.82856 1.33630 0.33409 -0.24182 -133.89
0.5572 0.83443 1.48695 0.37252 -0.23559 -178.24
0.6468 0.84019 1.62577 0.25941 -0.20804 -217.19
0.7404 0.84653 1.78584 0.11572 -0.16420 -309.94
0.8259 0.85030 1.96368 0.23864 -0.09253 -343.53
0.9208 0.85156 2.10761 0.72867 -0.06645 -216.21
1.0000 0.86233 2.27241 0.00000 0.00000 0.00

Table (5): coefficient, Ay, from equation (5) and standard deviation, ¢ for all binary mixtures studied at
different temperature.

T/K | Ay | A | Al ‘ e}
X; THFA + X, cyclopentanol

V© cm® mol™ 293.15 1.6170 -2.4952 -0.9526 0.0015
303.15 2.8860 -3.7940 0.7792 0.0019

313.15 4.2895 -8.4156 6.5375 0.0020

- mpa.g 293.15 -3.0041 -0.7051 -1.7874 0.0033
303.15 -2.0933 -0.8135 -2.7851 0.0037

313.15 -1.6244 -0.9646 -2.6537 0.0035

AG T Tmole™ 293.15 -1001.32 -12.00 -792.54 0.0003
303.15 -1222.04 -342.89 -1742.66 0.0050

313.15 -1349.10 -883.18 -1758.29 0.0046

X; THFA+ X; 1-pentanol

V" cm’ mol™ 293.15 19.4241 84195 -27.7442 0.0029
303.15 22,7645 2.8314 -25.3931 0.0025

313.15 26.7259 -0.9284 -25.4650 0.0003

¥ mpa.s 293.15 -10.1566 -2.7832 12.7017 0.0013
303.15 -5.9258 -2.0130 7.7661 0.0017

313.15 -3.8904 -1.2408 4.9316 0.0021

AG “Imole™ 293.15 -3451.12 -2885.07 6249.09 0.0019
303.15 -3122.27 -730.16 3747.87 0.0007

313.15 -2649.76 -517.03 3093.18 0.0006

X, cyclopentanol + X; 1-pentanol

Vo em® mol™ 293.15 6.3792 0.6118 -6.8803 0.0017
303.15 4.1421 0.1933 -4.3037 0.0021

313.15 1.4349 0.1906 -1.5871 0.0019

- mpa.g 293.15 -1.2956 21144 6.2765 0.0007
303.15 -2.3629 -1.1645 3.4444 0.0009

313.15 -1.0703 0.5542 0.5090 0.0007

AG “Imole™ 293.15 -3406.46 -1606.83 4507.64 0.0004
303.15 -1218.16 -984.99 2137.60 0.0005

31315 -972.53 -925.12 1863.60 0.0038
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(1): Excess molar volumeV* versus X, for (a) X,THFA +X,cyclopentanol ,(b)X,THFA+X,1-
pentanol and ()X, cyclopentanol +X, 1-pentanol at m293.15K, #303.15Kand 4 313.15K.
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Fig. (2): Excess viscosity 1."versus X; for (a) X;THFA +X,cyclopentanol ,(b)X, THHFA+X, 1-pentanol and
(c)X; cyclopentanol +X; 1-pentanol at m293.15K, #303.15K and
A313.15K.
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Fig. (3): Excess Gibbs free energy of activation ol viscous lNow AGE versus X; for (a) X3 THF A +Xscyclopentanol,(b)X; THF A+X;1-
pentanol and (¢)X; cyclopentanol +X; 1- Pentanol at m293.15K, «303.15Kand A 313.15K

& J sl df\J\géJ\gé\ng,gA J AT AU @ML@&J\ ailadll
293.15 4 ol cla jall die Jgilidy - 9 J g3y sl

-
CAIS 313.155 303.155
il Jiae (p sl B
kg Analac aluglh (il 48 pall o glall 4y 5l A0S ¢ ploasl) anid

¢ AdECt| ¢ sl ‘;J‘z"g.dl Pea.”cd\gil:\.\..\ -1 gk glSaludl ¢ J gatth J.I"L)\gé\)\gé‘g\)dgﬁ ¥y 6‘4315351 fan.m Zl,);ll.l.q” clalelt
Aa g 30
) s (Jsilinllult ae Jsasl il ysdostgam 15 ) e &1Sal A0 Ldadl Jdladd a3l 280KH W8 3
313.155303.155 293.15 4z i _all cila palt ie (5808 1 ae J 5300 JSM ) 5 (J 300 -1 ae Jsasl il 585 58 5
il 5 _adf Japdisl) Aade Ay Al A g 3005 () (oY sall analt e S i a8 A 5 3 ABOKH iy (L S
il a1 Led bl ol paty s Aliladll od COae 2larY Redlich-kister Aaae sladials U ki ddeall 3lf Godat 214
aaall € el A yalh 48 Aol Ll Aply AUl pue i oKl G Aty Sl Al A gy a5 A0 e
soball da o sie Cla Gl et @ oithadt faela AW asaady G &) e 0 il Caoady il
ot A8k g Al A g3 Lab (U Sl e JaSl b shosh s oam 1550 ) A Aal 4y (3K 20315
g 50alh 8 sl s 50 aaea e M St el (ol adh el Gain s sl Al

622 oLl axl ¢ 19 abaal ¢ Apubad Lo ah 2018 las




