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Abstract- In this paper, we have computed the viscosity of a solution containing to polar solvents such as benzyl

alcohol and 2-propanol from Jouyban Acree (JA) model based on least square regression analysis method and
McAllister multi body interaction model based on Eyring’s theory absolute reaction rate from 298.15-318.15K.
Results obtained from were compared with the literature value. Standard deviation was the criterion of the

success of results. Jouyban Acree (JA) model found to be more consistent with experimental findings
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I. INTRODUCTION

Sometimes experimental determination of transport
and other thermodynamic properties of liquid
mixtures are very difficult. In that case theoretical
models play a significant role in the determination
of various thermodynamic and transport properties.
In recent past transport behavior of pure solvent
mixtures of different solvents has become subject
of deep interest for researchers in the synthesis of
various drugs1 and industrial application such as
process simulation, equipment design2 and
molecular dynamics.

To fulfill this requirement various researchers3-4
have formulated theoretical models to determine
the theoretical viscosity in the absence of
experimental results. In the continuation of
previously published work 5-6, this paper deals with
a comparative study of two correlation models such
as McAllister7 and Jouyban Acree model Jouyban8-
9at different temperatures to determine the
theoretical values of viscosity and compared with
the literature values10. The main aim of this
investigation is analyze the effect of temperature on
the molecular association of aforementioned polar

solvent mixture and test the accuracy of these
mixing rules.

Il. MODELING

Jouyban Acree model8-9 based on no intercept
regression method is one of the most useful
correlation models.
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Where JO, J1, J2 are numerical coefficient calculated
by least square method.

McAllister multi body interaction model based on
Eyring’s theory of absolute reaction rate According
to him a temperature dependent empirical
equation relate to kinematic viscosity can be
represented as:
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Where

0=Kinematic viscosity

h = Planck constant

R = Gas constant

M = Molar mass

N = Avogadro number

T# = Absolute temperature

AG* = Movement of molecule between two layers
of liquid

McAllister -3-body model

Inn
=x3Inn, + 3x2x, Inng, + 3x:%, Inny; +x3 Inn,
—In[x; +x,M,/M,] + 3x?x, In[(2 + M,/M,)/3]
+3x2 In[(1 + 2M,/M,)/3]

+x3 In[My/M,] ®)

McAllister -4-body model

Inn
=x{Inny + 4x§x, Innyyq, + 6x7%5 InMy10; + 4%,X3 NNy,
+x31Inn, — In[(x; + x,M,/M;)] + 4x3x, In[(3 + M,/M,;)/4]
+ 6x2x2In[(1 + M,/M;)/2] + 4x,x3 In[(1 + 3M,/M,)/4]

+ x¢In(M,/M,) 4)

M1 and M2 are molecular weight of corresponding
liquids.

I1l. RESULT AND DISCUSSION

Table1 represents experimental viscosity and
computed values of viscosity, by McAllistere-3-
body, McAllister-4-body and Jouyban Acree
models, their corresponding percentage deviations
(%4), density of binary solution, reduced volume
from 298.15-318.15K. Standard deviations (8) varies
from (0.028-0.018), (0.011-0.024) for McAllister-3
and 4-body whereas (0.008-0.005) for Jouyban
Acree model from 298.15-318.15K. A close pursul of
table-1 reveals that density of binary solution
decreases as mole fraction (x1) increases but it
becomes low at higher temperature due to rupture
of hydrogen bonds present between the

components of solvent mixtures. Viscosity
computed from McAllister-3-body and 4-body
model gave good result at initial concentrations but
as concentration increases both the models show
deviations from experimental values whereas
Jouyban Acree models deals a fair agreement with
experimental findings over the entire range of
concentration from 298.15-318.15K. Decreasing
order of standard deviations at lower temperature
JA <Mc4< Mc3 whereas at higher temperature JA <
Mc3 < Mc4.

Table 1: Experimental and theoretical values of
viscosity from 298.15-318.15K
nex r1M( r1M( nJA %AM %AM %AJA
X vV~ Pmix p 3 4 C a3 2 C
T=298.15K

0.0 1.253 1.032 53 5.1 5.1 5.2

5 4 8 0 4 3 9 2.94 3.16 0.22
1.254 1.023 5.0 49 49 5.0

0.1 5 7 5 5 3 4 2.00 2.36 0.34

0.1 1.255 1014 | 48 47 47 438

5 8 3 0 6 4 0 0.77 1.20 0.08
1.257 1.004 4.5 4.5 4.5 4.5 -

0.2 3 4 6 8 6 6 -0.36 0.09 0.09

0.2 1258 | 0994 | 43 43 43 43 -

5 9 2 3 9 7 4 -1.41 -0.98 0.18
1260 | 0.983 4.1 42 42 4.1 -

0.3 7 6 2 2 0 2 -244 | -2.04 0.18

0.3 1.262 0.972 39 4.0 4.0 39 -

5 6 6 1 5 3 1 -346 | -3.10 0.09
1264 | 0961 37 38 38 37 -

04 8 2 1 8 7 1 -4.57 -4.24 0.02

0.4 1267 | 0.949 35 37 37 35

5 1 4 2 3 2 2 -5.85 | -5.55 0.00
1269 | 0937 33 35 35 33 -

0.5 6 0 4 8 7 4 -744 | -7.15 0.14

0.5 1.272 0.924 3.1 34 34 3.1

5 4 2 7 5 4 7 -8.75 -8.45 0.06
1.275 0.910 3.0 33 33 3.0 10.2

0.6 5 8 1 2 1 0 7 -9.93 0.20

0.6 1.278 0.896 2.8 3.2 3.1 2.8 12.0 11.6

5 9 9 6 0 9 5 2 3 0.22
1.282 0.882 2.7 3.0 3.0 2.7 13.9 135

0.7 6 4 2 9 8 1 5 1 0.19

0.7 1286 | 0.867 2.5 3.0 2.9 2.5 16.1 15.6

5 7 3 8 0 8 8 3 3 0.04
1.291 0.851 24 2.9 2.9 24 18.2 17.7

0.8 3 5 6 1 0 6 4 1 0.05

0.8 1.296 0.835 2.3 2.8 2.8 23 20.7 20.1 -

5 3 1 5 3 2 5 0 8 0.12
1.301 0.818 2.2 2.7 2.7 2.2 228 223

0.9 7 0 5 7 5 5 4 9 0.06

0.9 1.307 0.800 2.1 2.7 2.7 2.1 26.1 25.8 -

5 9 0 5 1 0 7 5 5 1.17

T=308.15K
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0.0 1.261 1.025 39 38 3.8 39 - -
5 5 0 1 3 4 1 2.16 1.87 0.08 1.294 0.893 1.7 1.9 20 1.7 12.5 12.8
1.262 1.015 37 3.6 37 3.7 0.6 4 9 7 9 0 7 7 0 0.18
0.1 7 9 3 9 1 3 1.05 0.59 0.03 - -
01 | 1264 | 1006 | 35 | 35 | 35 | 35 06 | 1298 | 0879 | 16 | 19 | 19 | 16 | 142 | 145
5 1 4 6 | 6 | 8 | 6 | 004 | -051 | 003 5 1 8 8 | 2 | 2 | 7 7 2 | o3
1265 | 09% | 33 | 34 | 34 | 33 - - -
02 | 7 5 9 | 2 | 4 | 9 |-103]-161 | 003 1302 | 0865 | 15 | 18 | 18 | 15 | 162 | 165
02 | 1267 | 0986 | 32 | 32 | 33 | 32 07 | o0 3 9 | 5 |6 | 9 0 0 | 034
5 4 3 3 | 9 1 3 | -198 | -254 | 0.04 - -
1269 | 0975 | 30 | 31 | 31 | 30 07 | 1306 | 0850 | 15 | 17 | 17 | 15 | 184 | 187
0.3 3 6 8 7 8 7 -2.98 -3.49 0.14 5 4 2 1 9 9 1 2 5 0.22
0.3 1.271 0.964 29 3.0 3.0 29 - -
5 3 6 2 5 6 2 -426 | -472 0.04 1311 0.834 14 17 17 14 20.7 21.0
1273 | 0953 | 27 | 29 | 29 | 27 - 0.8 4 3 3 3 4 3 1 6 0.15
0.4 6 1 7 3 4 7 -5.63 -6.04 0.09 - -
04 1.276 0.941 26 28 28 26 - 0.8 1.316 0.817 1.3 1.6 1.6 13 234 237 -
5 0 2 3 2 3 3 | -702 | -741 | 0413 5 8 8 6 8 8 6 4 8 0.16
1.278 0.928 24 2.7 2.7 25 - - -
05 7 8 9 1 2 0 -8.81 919 | 043 1322 | 0.800 13 1.6 1.6 13 25.7 26.0 -
3 ) 09 | 8 5 0o | 313 ]o 8 8 | 007
05 | 1281 | 0915 | 23 | 26 | 26 | 23 | 100 | 104 | - - -
5 7 9 7 1 2 7 8 8 0.17 0.9 1329 | 0.782 1.2 15 15 1.2 29.0 29.2 -
3 3 5 4 5 3 ] 9| 9] 4 9 9 | 106
1285 | 0902 | 22 | 25 | 25 | 22 | 114 | 119
06 | o 5 6 | 1 2 | s 6 0 | 009
- IV. CONCLUSION
06 | 1288 | 0888 | 21 | 24 | 24 | 21 | 131 | 136
5 5 5 5 3 4 4 4 4 0.18
- - It may be concluded that molecular association
1.292 0.874 2.0 2.3 23 2.0 14.8 154 . B B
07 | 2 o 2l %% 5 1 | 033 | decreases with increase in temperature due to
- - decrease in density of solution indicating the
057 1'2796 0'?8 159 2;2 2: 149 12'7 176'3 o046 | rupture of hydrogen bonding present between the
- - binary components of polar solvents. McAllister-3-
08 1'101 O'?B 158 2(')2 252 158 197'0 195'7 028 | Pody and 4-body model gave good result at initial
- - concentrations but as concentration increases both
08 | 1306 | 0826 1 17 ) 21 | 21 | 17| 217 | 24 - | the models show deviations from experimental
5 7 6 6 | als6 | s 3 0 | oo p
- - values whereas Jouyban Acree models deals a fair
1.312 0.809 1.6 2.0 2.1 1.6 24.8 253 - . . . .
09 | 2 4 s | o | o | 8 1 9 | oss | agreement with experimental findings over the
- - entire range of concentration from 298.15-318.15K.
0.9 1.318 0.791 1.6 2.0 2.0 1.6 27.6 28.0 - . . . .
p . s ol 215 | 5 3 1 | 122 | Results obtained in terms of their decreasing order
T2318.15K of standard deviations at lower and higher
00 | 1270 | 1017 | 29 | 29 | 29 | 29 - | temperature were JA <Mc4< Mc3 and JA < Mc3 <
5 0 1 9 5 6 9 1.15 1.00 0.04 .
1271 | 1008 | 28 | 28 | 28 | 28 ~ | Mc4 respectively.
0.1 1 0 6 | 6 | 7 | 7 |-002|-026| 006
01 | 1272 | 0998 | 27 | 27 | 27 | 27 -
5 6 4 s | 7 | s | 5 |-100]-129 | 001 | Acknowledgement
1274 | 0988 | 26 | 26 | 26 | 26 Author is very thankful to department of chemistry,
02 | 2 4 3 | 8 | 9 | 3 |-197]|-226] 005
02 1276 10978 |25 1 25 | 25 | 25 Janta College Bakewar Etawah for support and
5 0 1 1 9 9 1 -294 | -322 | 011 motivation
1.278 0.967 24 24 2.5 24
0.3 0 4 0 9 0 0 -3.95 -4.21 0.19
0.3 1.280 0.956 2.2 24 24 2.2 REFERENCES
5 1 3 9 0 1 8 -5.21 -5.45 0.10
1.282 0.944 2.1 23 23 2.1 -
0.4 5 8 7 2 2 7 -6.61 -6.82 0.04 .
o2 Tios Toom T30 52 55 T30 - 1. Dange, S. P, Borkar, P. D., & Chimankar, O. P.
5 0 8 6 | 3 | 3 | 7 |-828]|-848 | 032 (2021): Physico-chemical analysis on Binary
1287 | 0920 | 19 | 21 | 21 | 19 101 ) liquid mixture of Nicotinic acid at different
05 | 9 3 5 | 5 | 5 | 6 | -991| 1 | 044 temperatures. Ind. J. Pure & Apply. Phys.59:132-
05 | 1291 | 0907 | 18 | 20 | 20 | 18 | 112 | 114 | - 137.
5 0 4 6 | 7 17| 5 6 | 020
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