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Abstract

Applicability of various empirical and semi-empirical rules to predict the refractive index of
binary organic liquid mixtures is examined using eight empirical and semi-empirical rules
and their relative applicability. Various binary mixtures are chosen with a view to provide a
large background of diversified experimental data. It has been found that any single formula
is not applicable with same accuracy for every mixture and applicability varies according to
the degree of molecular interaction taking place in the mixture.
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1. Introduction

Refractive index of a medium is a quantitative measure of the response of the medium to the
electromagnetic radiation and is defined as the ratio of the velocity of the electromagnetic
wave in vacuum to that in the medium for the given wavelength of the electromagnetic wave.
For a given wavelength of light, refractive index is dependent on the nature of liquid,
pressure and temperature. Refractive index is an important property of liquids and liquid
mixtures and is often needed for many physico-chemical applications involving multiphase
systems. Since refractive index is closely related with the orientation, ordering and strength
of the constituent atomic oscillators of a given medium, it is expected that variation of
refractive index of mixtures with temperature and composition can give valuable insight into
the molecular rearrangement due to mixing.

Because of these factors, many workers [1-5] have measured the refractive index of pure
liquids and binary liquid solutions. Since the rearrangement at the molecular level due to
mixing causes definite contraction or/and expansion of the liquid, hence variation in density
is observed. As the variation of density produces a significant change in the refractive index,

Laplace [6] made first attempt to connect the refractive index with the density. Gladstone-
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Dale in 1858 gave a simple formula for the estimation of refractive index of a binary mixture
from the properties of the pure components. Various workers have made an attempt to
scrutinize the relative merits of these mixing rules [7, 8, 9]. Aralguppi et al. [10] have
measured densities and refractive indices of binary mixtures of methyl acetoacetate with
benzene, toluene, m-xylene, mesitylene and anisole and have recommended the use of
Eykman relation. Bhatia et al. [11] have applied these mixing rules for the binary mixture of
(decane + benzne) and (hexadecane + benzene/hexane) over the entire composition range.
With this in view, it appeared important to scrutinize the relative merits of these mixing rules
for the binary mixtures of alkanes and alcohols with some interactive components. The binary
mixtures considered for investigation were Ethyl Chloroacetate (1)+Hexane (2), Ethyl
Chloroacetate (1)+Heptane (2), Ethyl Chloroacetate (1)+Octane (2), Ethyl Chloroacetate
(2)+Nonane (2), Ethyl Chloroacetate (1)+Decane (2), Ethyl Chloroacetate (1)+Dodecane (2)
The refractive index and density of these mixtures at various temperatures have been taken
from literature [12-14].Ethyl cholroacetate will be abbreviated as ECA , Demethyl carbonate
as [DMC] and diethyl carbonate as [DEC] in the later discussion.
2. Theory
Gladstone-Dale relation (G-D) [15] is given as

(Nm —D) =1 (N1 —1) + ¢2 (N 1) (1)
Applicability of this relation is limited to dilute solutions.
Arago-Biot (A-B) [16] proposed an equation for the evaluation of refractive index for liquid
solutions, and can be presented as —

n,=¢, Ny +é, N, (2)
In case of volume additivity, eqn. (1) and (2) give similar results.
Wiener’s relation (W) is derived for isotropic body of spherically symmetric shape assuming

volume additivity [17] and is given as

2 2 2 .2
2 2 2 2
nm+2n1 n2+2n1

A limiting case of Wiener’s relation is Heller’s relation [18] which is as written below

Np—N 3 (n2/n1)2 -1
n; (n,/n)?+1

5 %2 (4)
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Usually Lorentz-Lorenz (L-L) relation [19, 20] has been found to be applicable to a wide

range of mixtures and is based on the change in polarisability with volume fraction. The

nrzn—l 1 n12—1 Wy ng—l W, 5)
= —_—t — | —
N2 +2|Pm [n2+2|Pp [n3+2|P,

m

exact relation is

Eykman’s (Eyk.) relation [21, 22] is similar to Lorentz-Lorenz relation and is given as

2 2 2
Nm -1 A L -1 M1X1+ ns -1 [MoXxo (6)
Nm+04| " |n+04| p [np,+04| p,
Oster’s (Os) relation [23] is given as
{(n; ~1)(2n? +1)} v _(2-1)@n?+1) My, (n3-1)(2n3+1) Myx, -
2 m 2 2
Ny n P n; P2

Newton’s (Nn) [24] relation is given as

(n?n —1): (n12 —1)¢1 + (n% —1)¢2 8)
In eqgns. (1) to (8), M, [1;, ni, [Ji, wi and X;, respectively represent molecular weight,
density, refractive index, volume fraction, weight fraction and mole fraction of the i
component (i =1, 2 for binary mixture). [y, Nm and V,, are respectively density,
refractive index and molar volume of the mixture.
3. Results and Discussion
Experimental values of refractive index as well as those predicted by various mixing rules for
above mentioned mixtures are Tables 1 to 20 respectively. Values of APD at various
temperatures for all the relations are listed in Table 21.
A close perusal of the Tables 1 to 20 reveals that all the relations show good agreement with
the corresponding experimental values of all the systems. Except ECA +Heptane mixture,
Newton’s relation gives minimum average percentage deviation (APD) for all the mixtures,
except a few exceptions, at all the three temperatures.
The variation of APD for various mixtures of ECA shows a haphazard fashion.For ECA
+Hexane mixture, Newton relation gives the minimum value at all the three temperatures
studied except at T=298 K when Oster’s relation gives the minimum value. Gladstone-Dale
equation at 298 K and Lorentz-Lorenz relation at other two temperatures gives maximum
value of APD.ECA-+Heptane mixture is unique in that for this mixture only Newton’s relation
gives a maximum value of APD. For All other mixtures of ECA, Newton’s relation gives the
minimum value of APD thereby indicating that it is the best choice. For all other mixtures of
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ECA, Arago-Biot relation gives the maximum value of the APD. Overall, values of APD for
Heller’s and Weiner’s relations are very close to each other at all the three temperatures.
Except for the mixture with methanol, all other mixtures of DMC with alcohols give Arago
Biot relation invariably gives maximum value of APD thereby indicating that it is not a good
choice in anyway. It is also noteworthy that except few exceptions Newton’s relation gives
the minimum value of APD.DMC+1-pentanol mixture has significant variation in the
minimum value of the APD which varies with temperature. Similar trend is shown for all the
mixtures of DEC. DEC+methanol gives the maximum value of APD for the Heller’s relation
at all the four temperatures. For all other mixtures, Arago-Biot relation gives the maximum
value of APD. The value of DEC+2-butanol are very high and makes it an unworthy choice
for the estimation of the refractive index. Usually, Newton’s relation and Oster’s relation
gives the best estimate as the value of APD is minimum for these relations, Although the
occurrence of minimum value of APD is sensitive to the temperature and occurs for one
relation at a temperature and occurs for another relation when temperature is raised.
Again, the temperature dependence is not very systematic for any mixture studied here. For
mixtures with ECA, APD increases when the temperature is raised from 298K to 303K but
again falls with further increase in temperature from T=303 K to 308 K. Similarly, value of
APD increases when temperature is raised from 293K to 298 K but falls again and then rises
when the temperature is raised from 298 K to 303 K and then to 308 K for DMC + alcohols
and DEC+ alcohols mixtures.
4. Conclusion
The present chapter reports an attempt to study the validity of eight mixing rules for the
prediction of refractive index of binary mixtures. Temperature dependence of these relations
has been analyzed. It is concluded that the theoretical mixing rules are inter-related and
perform well within the limits of experimental error. Since mixtures of liquids with different
nature and molecular size were considered, a particular relation provides excellent agreement
in some systems but deviates in others [25].
5. References
1. J. Nath and S.N. Dubey, J. Phys. Chem. 17 (1980) 2166.
2. Paland A. Kumar, J. Chem. Eng. Data 43 (1998) 143.
3. J. Nath and S.K. Mishra, Fluid Phase Equilib. 145 (1998) 89.
4. A. Pineiro, P. Brocos, A. Amingo, M. Pintos and R. Bravo, J. Chem. Thermodyn. 31
(1999) 931.

Mohd. Kaleem Ahmad et al., Vol. 1, No. 1, pp. 13-23, 2013
16



10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

22.
23.
24,
25.

A.H. Al Dujali, A.A. Yaseen and A.M. Awwad. J. Chem. Eng. Data 45 (2000) 647.
Jamin, Annl. Chim. 52 (1858) 163.

L. Mosteiro, E. Mascato, B.E. DeCominges, T.P. Iglesias and J.L. Legido, J. Chem.
Thermodyn. 33 (2001) 787.

J.D. Pandey, R.D. Rai, R.K. Shukla, K.P. Tiwari and A.K. Shukla, J. Pure Appl. Phys. 30
(1991) 94.

T.M. Aminabhavi, J. Chem. Eng. Data, 29 (1984) 54.

M.I. Aralguppi, T.M. Aminabhavi and R.H. Balundgi, Fluid Phase Equilib. 71 (1992) 99.
S.C. Bhatia, N. Tripathi and G.P. Dubey, Ind. J. Chem. 41A (2002) 266.

J. M. Nayak, M. I. Aralguppi and T. M. Aminabhavi, 46 (2001)891-896.

A. Rodriguez, J. Canosa and J.Tojo, J. Chem. Engg. Data, 46(6) (2001) 1476-1486.

A. Rodriguez, J. Canosa and J.Tojo, J. Chem. Engg. Data, 46(6) (2001) 1506-1515.

J.H. Gladstone and T.P. Dale, Phil. Trans. 153 (1863) 317.

D.F.J. Arago and J.B. Biot, Mem. Acad. Fr. 7-9 (1806).

O. Wiener, Leipzig Ber. 62 (1910) 256.

W.J. Heller, J. Phys. Chem. 69 (1965) 1123.

H.A. Lorentz, Wied. Ann. 9 (1880) 641.

L.V. Lorenz, Wied. Ann. 11 (1880) 70.

J.D. Pandey, R.D. Rai, R.K. Shukla, K.P. Tiwari and A.K. Shukla, J. Pure Appl. Phys. 30
(1991) 94.

J. F. Eykman, Rec. Trav. Chim. 14 (1895) 185.

G. Oster, Chem. Rev. 43 (1948) 319.

S.S. Kurtzand A.L. Ward, J. Franklin Inst. 222 (1936) 563.

J.D. Pandey, R.D. Rai, R.K. Shukla, K.P. Tiwari and A.K. Shukla, J. Pure Appl. Phys. 30
(1991) 94.

Mohd. Kaleem Ahmad et al., Vol. 1, No. 1, pp. 13-23, 2013
17



Table 1.  Refractive index of (1- Ethyl Chloroacetate (1)+Hexane (2)) mixture at
various temperatures by different mixing rules.

X1 Nm* NnGD npAB npH nyW nplL npEyk nmOs  npNn

T=298.15K
0.0000 1.3729 1.3729 1.3729 1.3727 13729 13729 1.3729 1.3729 1.3729
0.0977 13762 13768 1.3768 1.3765 1.3768 1.3761 1.3761 1.3762 1.3768
0.2029 13804 1.3811 1.3811 1.3809 1.3810 1.3800 1.3801 1.3803 1.3812
0.3028 1.3844 1.3853 1.3853 1.3851 1.3852 1.3840 1.3842 1.3844 1.3854
0.4001 1.3886 1.3895 1.3895 1.3894 1.3895 1.3883 1.3884 1.3887 1.3897
0.4982 13933 1.3940 1.3940 1.3939 1.3939 1.3928 1.3930 1.3932 1.3942
0.6039 1.3988 1.3990 1.3990 1.3989 1.3989 1.3981 1.3983 1.3985 1.3992
0.7027 1.4040 1.4039 1.4039 1.4038 1.4038 1.4032 1.4034 1.4036 1.4041
0.8032 1.4095 1.4091 1.4091 1.4090 1.4091 1.4087 1.4089 1.4090 1.4092
0.9022 1.4147 14145 14145 1.4144 14144 14143 14143 14144 1.4145
1.0000 1.4200 1.4200 1.4200 1.4200 1.4200 1.4200 1.4200 1.4200 1.4200

T=3803.15K
0.0000 1.3695 1.3695 1.3695 1.3692 1.3695 1.3695 1.3695 1.3695 1.3695
0.0977 13733 13734 13734 13732 13734 13730 1.3731 13731 1.3735
0.2029 13777 13777 13777 13775 13777 13769 13770 1.3772 1.3779
0.3028 13719 1.3820 1.3820 1.3818 1.3820 1.3811 1.3812 1.3814 1.3822
0.4001 1.3862 1.3863 1.3863 1.3862 1.3863 1.3853 1.3855 1.3857 1.3865
0.4982 13910 1.3909 1.3909 1.3907 1.3908 1.3900 1.3901 1.3904 1.3911
0.6039 1.3964 1.3960 1.3960 1.3958 1.3959 1.3953 1.3954 1.3956 1.3962
0.7027 1.4016 1.4009 1.4009 1.4008 1.4009 1.4004 1.4006 1.4008 1.4011
0.8032 1.4070 1.4062 1.4062 1.4062 1.4062 1.4059 1.4060 1.4062 1.4064
0.9022 1.4123 14117 1.4117 14116 14116 14116 14116 14117 1.4118
1.0000 1.4173 1.4173 14173 14173 14173 14173 14173 14173 1.4173
T=308.15K
0.0000 1.3668 1.3668 1.3668 1.3665 1.3668 1.3668 1.3669 1.3668 1.3668
0.0977 13706 1.3707 1.3707 1.3705 1.3707 1.3701 1.3702 1.3702 1.3708
0.2029 13749 13751 1.3751 1.3749 1.3750 1.3740 1.3742 1.3743 1.3752
0.3028 1.3794 13794 13794 1.3792 13793 1.3782 1.3784 1.3785 1.3795
0.4001 1.3839 1.3837 1.3837 1.3835 1.3836 1.3825 1.3827 1.3829 1.3839
0.4982 13887 1.3882 1.3882 1.3881 1.3882 1.3871 1.3874 1.3875 1.3884
0.6039 1.3940 1.3933 1.3933 1.3932 1.3933 1.3925 1.3927 1.3929 1.3935
0.7027 13992 1.3983 1.3983 1.3982 1.3982 1.3976 1.3979 1.3980 1.3985
0.8032 1.4046 1.4036 1.4036 1.4035 1.4035 1.4032 1.4034 1.4035 1.4037
0.9022 1.4098 1.4091 1.4091 1.4090 1.4090 1.4089 1.4090 1.4090 1.4091
1.0000 1.4147 1.4147 14147 14147 14147 14147 14148 14147 1.4147

*Experimental value of refractive index.
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Table 2. Refractive index of (1- Ethyl Chloroacetate (1)+Heptane (2)) mixture at
various temperatures by different mixing rules.

X1 Nm* NwGD nyAB npH nyW ngLL npEyk npOs  npNn

T=298.15K
0.0000 1.3859 1.3859 1.3859 1.3858 1.3859 1.3859 1.3859 1.3859 1.3859
0.1037 1.3873 1.3886 1.3886 1.3885 1.3886 1.3876 1.3876 1.3877 1.3886
0.2030 1.3897 1.3913 1.3913 1.3912 1.3913 1.3896 1.3897 1.3899 1.3914
0.3009 1.3920 1.3941 1.3941 1.3940 1.3941 1.3921 1.3922 1.3925 1.3942
0.4005 1.3955 1.3971 1.3971 1.3970 1.3971 1.3950 1.3952 1.3955 1.3972
0.4992 1.3982 1.4003 1.4003 1.4002 1.4003 1.3982 1.3984 1.3987 1.4004
0.6048 1.4022 1.4039 1.4039 1.4038 1.4039 1.4022 1.4023 1.4026 1.4040
0.7050 1.4062 1.4076 1.4076 1.4075 1.4075 1.4065 1.4066 1.4068 1.4077
0.8022 1.4100 1.4114 14114 14113 14113 14106 14107 14108 1.4114
0.8954 14148 1.4153 14153 1.4153 14153 1.4148 1.4148 1.4149 1.4153
1.0000 1.4200 1.4200 1.4200 1.4200 1.4200 1.4200 1.4200 1.4200 1.4200

T=303.15K
0.0000 1.3827 1.3827 1.3827 1.3826 1.3827 1.3827 1.3827 1.3827 1.3827
0.1037 1.3845 1.3854 1.3854 1.3853 1.3854 1.3845 1.3845 1.3846 1.3855
0.2030 1.3867 1.3882 1.3882 1.3881 1.3882 1.3863 1.3864 1.3866 1.3883
0.3009 1.3893 1.3911 1.3911 1.3910 1.3910 1.3888 1.3890 1.3892 1.3911
0.4005 1.3923 1.3941 1.3941 1.3940 1.3941 1.3921 1.3923 1.3925 1.3942
0.4992 13955 1.3973 1.3973 1.3972 1.3973 1.3955 1.3957 1.3959 1.3974
0.6048 1.3995 1.4010 1.4010 1.4009 1.4009 1.3990 1.3992 1.3994 1.4011
0.7050 1.4033 1.4047 1.4047 1.4046 1.4046 1.4034 1.4036 1.4037 1.4048
0.8022 1.4078 1.4085 1.4085 1.4085 1.4085 1.4078 1.4079 1.4080 1.4086
0.8954 1.4122 14125 1.4125 1.4125 14125 14119 14120 1.4121 1.4126
1.0000 1.4173 1.4173 1.4173 14173 14173 14173 1.4173 1.4173 1.4173
T=308.15K
0.0000 1.3801 1.3801 1.3801 1.3800 1.3801 1.3801 1.3801 1.3801 1.3801
0.1037 13816 1.3828 1.3828 1.3827 1.3828 1.3818 1.3819 1.3820 1.3829
0.2030 1.3841 1.3856 1.3856 1.3855 1.3856 1.3836 1.3838 1.3840 1.3857
0.3009 1.3863 1.3884 1.3884 1.3883 1.3884 1.3863 1.3864 1.3867 1.3885
0.4005 1.3898 13915 13915 13914 13915 13893 13895 1.3897 1.3916
0.4992 13928 13947 13947 13946 13947 13927 13929 1.3931 1.3948
0.6048 1.3966 1.3984 1.3984 13983 13983 1.3964 13966 1.3969 1.3985
0.7050 1.4012 1.4021 1.4021 1.4020 1.4020 1.4007 1.4009 1.4011 1.4022
0.8022 1.4052 1.4059 1.4059 1.4059 1.4059 1.4052 1.4053 1.4054 1.4060
0.8954 1.4096 1.4099 1.4099 1.4099 1.4099 1.4094 14095 1.4095 1.4100
1.0000 1.4147 1.4147 1.4147 1.4147 1.4147 14147 14147 1.4147 1.4147

*Experimental value of refractive index.
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Table 3.

Refractive index of (1- Ethyl Chloroacetate (1)+Octane (2)) mixture at

various temperatures by different mixing rules.

X1

Nm™*

nmGD

NmAB

noH n W

nmLL nmEyk

NmOSs

NmNN

0.0000
0.1027
0.2003
0.3048
0.4033
0.5064
0.6021
0.7042
0.8031
0.9017
1.0000

0.0000
0.1027
0.2003
0.3048
0.4033
0.5064
0.6021
0.7042
0.8031
0.9017
1.0000

0.0000
0.1027
0.2003
0.3048
0.4033
0.5064
0.6021
0.7042
0.8031
0.9017
1.0000

1.3952
1.3966
1.3974
1.3991
1.4010
1.4030
1.4057
1.4086
1.4119
1.4157
1.4200

1.3932
1.3936
1.3948
1.3961
1.3982
1.4006
1.4032
1.4063
1.4090
1.4130
1.4173

1.3906
1.3911
1.3922
1.3938
1.3955
1.3981
1.4003
1.4036
1.4062
1.4113
1.4147

1.3952
1.3958
1.3969
1.3986
1.4487
1.4490
1.4054
1.4082
1.4116
1.4153
1.4200

1.3932
1.3937
1.3847
1.3965
1.3983
1.4008
1.4031
1.4061
1.4090
1.4128
1.4173

1.3906
1.3912
1.3922
1.3938
1.3956
1.3979
1.4004
1.4034
1.4067
1.4102
1.4147

1.3952
1.3931
1.3923
1.3933
1.5627
1.5570
1.4001
1.4032
1.4076
1.4126
1.4200

1.3932
1.3908
1.3549
1.3914
1.3926
1.3956
1.3980
1.4018
1.4047
1.4101
1.4173

1.3906
1.3883
1.3876
1.3883
1.3895
1.3919
1.3950
1.3987
1.4031
1.4077
1.4147

T=298.15K
1.3951 1.3952
1.3969 1.3970
1.3987 1.3988
1.4008 1.4008
1.4008 1.4008
1.4035 1.4035
1.4076 1.4076
1.4103 1.4103
1.4133 1.4133
1.4165 1.4165
1.4200 1.4200

T =303.15 K
1.3931 1.3932
1.3949 1.3949
1.3972 1.3972
1.3986 1.3987
1.4006 1.4007
1.4029 1.4029
1.4052 1.4052
1.4079 1.4079
1.4107 1.4107
1.4139 1.4139
1.4173 1.4173
T=308.15K
1.3905 1.3906
1.3923 1.3923
1.3940 1.3941
1.3960 1.3961
1.3980 1.3981
1.4003 1.4004
1.4026 1.4026
1.4053 1.4053
1.4081 1.4081
1.4113 1.4113
1.4147 1.4147

1.3952
1.3957
1.3966
1.3983
1.4557
1.4556
1.4050
1.4079
1.4113
1.4152
1.4200

1.3952
1.3958
1.3968
1.3985
1.4517
1.4518
1.4052
1.4081
1.4115
1.4153
1.4200

1.3932
1.3936
1.3832
1.3962
1.3980
1.4005
1.4028
1.4058
1.4087
1.4126
1.4173

1.3932
1.3936
1.3841
1.3964
1.3982
1.4006
1.4030
1.4060
1.4089
1.4127
1.4173

1.3906
1.3910
1.3919
1.3935
1.3952
1.3975
1.4001 1.4003
1.4031 1.4032
1.4064 1.4066
1.4101 1.4102
1.4147 1.4147

1.3906
1.3911
1.3921
1.3937
1.3954
1.3977

1.3952
1.3959
1.3970
1.3987
1.4461
1.4465
1.4055
1.4084
1.4117
1.4154
1.4200

1.3932
1.3938
1.3853
1.3966
1.3984
1.4009
1.4032
1.4062
1.4091
1.4128
1.4173

1.3906
1.3912
1.3923
1.3939
1.3957
1.3980
1.4005
1.4035
1.4068
1.4103
1.4147

1.3952
1.3960
1.3972
1.3989
1.4416
1.4422
1.4057
1.4086
1.4119
1.4155
1.4200

1.3932
1.3939
1.3864
1.3969
1.3987
1.4011
1.4035
1.4064
1.4093
1.4129
1.4173

1.3906
1.3913
1.3925
1.3941
1.3960
1.3983
1.4008
1.4037
1.4069
1.4104
1.4147

*Experimental value of refractive index.
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Table 4. Refractive index of (1- Ethyl Chloroacetate (1)+Nonane (2)) mixture at
various temperatures by different mixing rules.

X1 Nm* NwGD nyAB npH nyW ngLL npEyk npOs  npNn

T=298.15K
0.0000 1.4039 1.4039 1.4039 1.4039 1.4039 1.4039 1.4039 1.4039 1.4039
0.1004 1.4040 1.4039 1.4014 1.4049 1.4049 1.4038 1.4038 1.4039 1.4040
0.2033 1.4042 1.4044 1.4005 1.4061 1.4061 1.4042 1.4043 1.4045 1.4047
0.3013 1.4050 1.4051 1.3999 1.4072 1.4073 1.4048 1.4050 1.4052 1.4054
0.4018 1.4060 1.4059 1.3995 1.4086 1.4086 1.4055 1.4057 1.4060 1.4063
0.5019 1.4071 1.4072 1.4004 1.4100 1.4100 1.4068 1.4070 1.4073 1.4076
0.6012 1.4088 1.4087 1.4020 1.4116 1.4116 1.4083 1.4086 1.4089 1.4092
0.7037 1.4109 1.4109 1.4050 1.4134 1.4134 1.4105 1.4107 1.4110 1.4113
0.8037 1.4133 1.4136 1.4094 1.4153 1.4153 1.4133 1.4135 1.4137 1.4139
0.9012 1.4164 1.4163 1.4133 1.4175 1.4175 1.4161 1.4162 1.4163 1.4165
1.0000 1.4200 1.4200 1.4200 1.4200 1.4200 1.4200 1.4200 1.4200 1.4200

T =303.15 K
0.0000 1.4013 1.4013 1.4013 1.4013 1.4013 1.4013 1.4013 1.4013 1.4013
0.1004 1.4013 1.4010 1.3978 1.4023 1.4023 1.4008 1.4009 1.4011 1.4012
0.2033 1.4017 1.4015 1.3967 1.4035 1.4035 1.4012 1.4014 1.4016 1.4018
0.3013 1.4024 1.4020 1.3956 1.4046 1.4047 1.4016 1.4018 1.4021 1.4024
0.4018 1.4033 1.4031 1.3962 1.4059 1.4060 1.4027 1.4029 1.4032 1.4035
0.5019 1.4048 1.4045 1.3975 1.4074 1.4074 1.4041 1.4043 1.4046 1.4049
0.6012 1.4060 1.4061 1.3994 1.4089 1.4089 1.4057 1.4060 1.4063 1.4065
0.7037 1.4083 1.4085 1.4033 1.4107 1.4107 1.4082 1.4084 1.4087 1.4089
0.8037 1.4106 1.4107 1.4061 1.4127 1.4127 1.4105 1.4106 1.4109 1.4110
0.9012 1.4137 1.4135 1.4103 1.4148 1.4148 1.4133 1.4134 1.4136 1.4137
1.0000 1.4173 1.4173 14173 14173 14173 14173 1.4173 1.4173 1.4173
T=308.15K
0.0000 1.3984 1.3984 1.3984 1.3984 1.3984 1.3984 1.3984 1.3984 1.3984
0.1004 1.3987 1.3980 1.3944 1.3994 1.3995 1.3978 1.3979 1.3981 1.3982
0.2033 1.3992 1.3985 1.3933 1.4006 1.4006 1.3982 1.3983 1.3986 1.3988
0.3013 1.4000 1.3991 1.3924 1.4018 1.4018 1.3987 1.3989 1.3992 1.3995
0.4018 1.4007 1.4002 1.3930 1.4031 1.4031 1.3998 1.4000 1.4003 1.4006
0.5019 1.4023 1.4016 1.3945 1.4046 1.4046 1.4012 1.4015 1.4018 1.4021
0.6012 1.4032 1.4034 1.3967 1.4062 1.4062 1.4030 1.4032 1.4035 1.4038
0.7037 1.4056 1.4056 1.3999 1.4080 1.4080 1.4053 1.4055 1.4057 1.4060
0.8037 1.4078 1.4079 1.4029 1.4100 1.4100 1.4076 1.4078 1.4080 1.4082
0.9012 1.4112 1.4107 1.4073 1.4122 1.4122 1.4105 1.4107 1.4108 1.4110
1.0000 1.4147 1.4147 14147 14147 1.4147 14147 1.4147 1.4147 1.4147

*Experimental value of refractive index.
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Table 5. Refractive index of (1- Ethyl Chloroacetate (1)+Decane (2)) mixture at
various temperatures by different mixing rules.

X1 Nm* NwGD nyAB npH nyW ngLL npEyk npOs  npNn

T=298.15K
0.0000 1.4098 1.4098 1.4098 1.4098 1.4098 1.4098 1.4098 1.4098 1.4098
0.0992 1.4099 1.4094 1.4069 1.4104 1.4104 1.4092 1.4093 1.4094 1.4095
0.2037 1.4100 1.4094 1.4054 1.4111 1.4111 1.4092 1.4093 1.4095 1.4096
0.3031 1.4103 1.4096 1.4043 1.4118 1.4118 1.4093 1.4094 1.4097 1.4099
0.4005 1.4104 1.4100 1.4039 1.4126 1.4126 1.4096 1.4098 1.4101 1.4104
0.5016 1.4112 1.4108 1.4044 1.4135 1.4135 1.4104 1.4106 1.4109 1.4112
0.6027 1.4118 1.4118 1.4053 1.4145 1.4145 1.4114 1.4116 1.4119 14121
0.7039 1.4130 1.4130 1.4068 1.4156 1.4156 1.4126 1.4128 1.4131 1.4134
0.8019 1.4148 1.4146 1.4093 1.4168 1.4168 1.4143 1.4145 1.4147 1.4149
0.9008 1.4170 1.4168 1.4131 1.4183 1.4183 1.4165 1.4167 1.4168 1.4170
1.0000 1.4200 1.4200 1.4200 1.4200 1.4200 1.4200 1.4200 1.4200 1.4200

T =303.15 K
0.0000 1.4071 1.4071 1.4071 1.4071 1.4071 1.4071 1.4071 1.4071 1.4071
0.0992 1.4072 1.4029 1.3912 1.4078 1.4078 1.4023 1.4026 1.4031 1.4036
0.2037 1.4074 1.4032 1.3906 1.4085 1.4085 1.4025 1.4029 1.4035 1.4039
0.3031 1.4075 1.4031 1.3886 1.4092 1.4092 1.4023 1.4028 1.4034 1.4040
0.4005 1.4077 1.4045 1.3913 1.4099 1.4099 1.4037 1.4041 1.4047 1.4052
0.5016 1.4086 1.4055 1.3927 1.4108 1.4108 1.4048 1.4052 1.4058 1.4063
0.6027 1.4092 1.4065 1.3936 1.4118 1.4118 1.4057 1.4061 1.4067 1.4072
0.7039 1.4106 1.4085 1.3977 1.4129 1.4129 1.4079 1.4082 1.4087 1.4091
0.8019 1.4121 1.4106 1.4021 1.4142 14142 1.4101 1.4104 1.4108 1.4112
0.9008 1.4142 1.4136 1.4088 1.4156 1.4156 1.4133 1.4135 1.4137 1.4139
1.0000 1.4173 1.4173 14173 14173 14173 14173 1.4173 1.4173 1.4173
T=308.15K
0.0000 1.4045 1.4045 1.4045 1.4045 1.4045 1.4045 1.4045 1.4045 1.4045
0.0992 1.4047 1.4047 1.4038 1.4051 1.4051 1.4047 1.4047 1.4047 1.4048
0.2037 1.4048 1.4044 1.4011 1.4058 1.4058 1.4042 1.4043 1.4045 1.4046
0.3031 1.4048 1.4044 1.3994 1.4065 1.4065 1.4041 1.4043 1.4045 1.4047
0.4005 1.4054 1.4049 1.3994 1.4073 1.4073 1.4046 1.4048 1.4051 1.4053
0.5016 1.4060 1.4056 1.3994 1.4082 1.4082 1.4052 1.4054 1.4057 1.4060
0.6027 1.4068 1.4065 1.4000 1.4092 1.4092 1.4061 1.4063 1.4066 1.4069
0.7039 1.4078 1.4077 1.4016 1.4103 1.4103 1.4074 1.4076 1.4079 1.4081
0.8019 1.4096 1.4095 1.4045 1.4115 1.4115 1.4092 1.4094 1.4096 1.4098
0.9008 1.4114 1.4117 1.4084 1.4130 1.4130 1.4115 1.4116 1.4117 1.4119
1.0000 1.4147 1.4147 14147 14147 1.4147 14147 1.4147 1.4147 1.4147

*Experimental value of refractive index.
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Table 6. Refractive index of (1- Ethyl Chloroacetate (1)+Dodecane (2)) mixture at
various temperatures by different mixing rules.

X1 Nm* NwGD nyAB npH nyW ngLL npEyk npOs  npNn

T=298.15K
0.0000 1.4199 1.4199 1.4199 1.4199 1.4199 1.4199 1.4199 1.4199 1.4199
0.0961 1.4191 1.4182 1.4141 1.4199 1.4199 1.4179 1.4181 1.4183 1.4184
0.2041 1.4182 1.4163 1.4078 1.4199 1.4199 1.4158 1.4161 1.4165 1.4169
0.3012 1.4178 1.4151 1.4035 1.4199 1.4199 1.4144 1.4148 1.4153 1.4158
0.4005 1.4175 1.4139 1.3995 1.4199 1.4199 1.4130 1.4135 1.4142 1.4148
0.5029 1.4170 1.4131 1.3969 1.4199 1.4199 1.4122 14127 1.4135 1.4141
0.6026 1.4170 1.4127 1.3954 1.4199 1.4199 1.4117 1.4122 1.4130 1.4137
0.7029 1.4170 1.4128 1.3959 1.4200 1.4200 1.4119 1.4124 1.4132 1.4139
0.8040 1.4172 1.4141 1.4003 1.4200 1.4200 1.4133 1.4138 1.4144 1.4150
0.9017 1.4182 1.4161 1.4068 1.4200 1.4200 1.4155 1.4158 1.4163 1.4167
1.0000 1.4200 1.4200 1.4200 1.4200 1.4200 1.4200 1.4200 1.4200 1.4200

T =303.15 K
0.0000 1.4179 1.4179 1.4179 1.4179 1.4179 1.4179 1.4179 1.4179 1.4179
0.0961 1.4169 1.4162 1.4123 1.4179 1.4179 1.4160 1.4161 1.4163 1.4165
0.2041 14162 1.4145 1.4066 1.4178 1.4178 1.4141 1.4143 1.4147 1.4150
0.3012 1.4156 1.4127 1.4006 1.4178 1.4178 1.4120 1.4124 1.4130 1.4135
0.4005 1.4150 1.4120 1.3982 1.4177 1.4177 1.4112 1.4116 1.4123 1.4128
0.5029 1.4147 1.4110 1.3950 1.4177 1.4177 1.4101 1.4106 1.4114 1.4120
0.6026 1.4145 1.4107 1.3940 1.4176 1.4176 1.4097 1.4103 1.4110 1.4117
0.7029 1.4145 1.4104 1.3931 1.4176 1.4176 1.4094 1.4099 1.4107 1.4114
0.8040 1.4147 1.4116 1.3973 1.4175 1.4175 1.4107 1.4112 1.4119 1.4124
0.9017 1.4156 1.4133 1.4036 1.4174 1.4174 1.4128 1.4131 1.4136 1.4139
1.0000 1.4173 1.4173 1.4173 1.4173 1.4173 1.4173 1.4173 1.4173 1.4173
T=308.15K
0.0000 1.4152 1.4152 1.4152 1.4152 1.4152 1.4152 1.4152 1.4152 1.4152
0.0961 1.4148 1.4133 1.4089 1.4152 1.4152 1.4131 1.4132 1.4134 1.4136
0.2041 14136 1.4114 1.4023 1.4151 1.4151 1.4109 1.4111 1.4116 1.4119
0.3012 1.4131 1.4099 1.3973 1.4151 1.4151 1.4092 1.4096 1.4102 1.4107
0.4005 1.4128 1.4089 1.3939 1.4151 1.4151 1.4080 1.4085 1.4092 1.4098
0.5029 1.4121 1.4081 1.3913 1.4150 1.4150 1.4071 1.4077 1.4084 1.4091
0.6026 1.4120 1.4076 1.3897 1.4150 1.4150 1.4066 1.4071 1.4079 1.4086
0.7029 1.4120 1.4077 1.3904 1.4149 1.4149 1.4068 1.4073 1.4081 1.4088
0.8040 1.4120 1.4085 1.3933 1.4149 1.4149 1.4077 1.4082 1.4089 1.4095
0.9017 1.4126 1.4109 1.4014 1.4148 1.4148 1.4103 1.4106 1.4111 1.4114
1.0000 1.4147 14147 1.4147 1.4147 14147 1.4147 1.4147 1.4147 1.4147

*Experimental value of refractive index.
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