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Abstract—Refractive indices, nD, and densities,ρ, have been measured for 1,4-butanediol (1,4-BD) + α-picoline/ β-picoline/ γ-

picoline binary mixtures over the entire composition range at T = ( 303.15, 308.15, 313.15 and 318.15) K.  Some empirical and 

theoretical relationships like, Arago-Biot (A-B), Eykman (E), Eyring and John (E-J), Gladstone-Dale (G-D), Heller (H), 

Lorentz-Lorenz (L-L), Newton (N), Oster (Os) and Weiner (W) have been applied to study the dependence of the measured 

and derived quantities on temperature and on binary composition. Furthermore, refractive index deviation, ∆nD, molar 

refraction, R, and molar refraction deviation, ∆R have been calculated. Results have been fitted to Redlich-Kister polynomial 

equation to obtain the adjustable parameters and standard deviations between the measured and fitted values, respectively. The 

results are discussed briefly.   
 

Keywords-1,4-butanediol, refractive index, picoline, binary system, refractive index mixing rules. 

I.  INTRODUCTION 

A small amount of sample is sufficient for the 

measurement of refractive index, nD in wide ranges of 

temperatures with high precisions and gives information 

about intermolecular interactions; it is also closely related to 

other thermo physical properties [1-5]. Therefore, some 

solutions, whose properties are otherwise difficult to measure 

directly, can be more easily identified by knowing their nD 

values. 

 

As a part of a study on thermodynamic and physico-

chemical properties of binary liquid mixtures containing 1,4-

BD as one of the components [6], we report here some 

investigations about refractive properties (and some related 

parameters) of binary liquid mixtures of 1,4-BD with α-

picoline, β-picoline and γ-picoline at different temperatures, 

T = (303.15, 308.15, 313.15 and 318.15) K. Results were 

fitted to obtain the adjustable parameters and standard 

deviations between the measured and fitted values, 

respectively. The Theoretical values of refractive index are 

evaluated by using Arago-Biot [7], Eykman [8], Eyring and 

John [9], Gladstone-Dale [10], Heller [11], Lorentz-Lorenz 

[12], Newton [13], Oster [14] and Weiner [15] relations and 

the average percentage deviation values have been given. 

The relative applicability of these mixing rules has been 

tested by many researchers [16-20] 

 

1,4-BD is a clear viscous liquid, which is miscible 

with water and most polar organic solvents. The presence of 

two hydroxyl groups in vicinal positions (at the positions 1 

and 4) of this diol makes it suitable as a useful chemical 

intermediate in the manufacture of many chemical products.  

 

Picoline refers to three different 

methylpyridineisomers, all are colourless liquids at room 

temperature and pressure and are miscible with water and 

most organic solvents. α-picoline is used as an adhesive for 

textile tire cord and also a precursor to the agrochemical, 

nitrapyrin, which prevents loss of ammonia from fertilizers. 

β-picoline is a useful precursor to agrochemicals, such as 

chlorpyrifos and used to make antidotes for poisoning by 

organophosphate acetylcholinesterase inhibitors. γ-picoline is 

both isolated from coal tar and is synthesized industrially. It 

is formed via the reaction of acetaldehyde and ammonia in 

the presence of an oxide catalyst. It is also used in drugs.  

 

Several related quantities have been calculated and 

presented graphically to enhance visual impact and to gain 

insight into the various interactions operating in the mixtures. 

 

II. EXPERIMENTAL 

1,4-BD and methylpyridine isomers (Sigma-

Aldrich, USA, mass fraction purity 0.99)  used in this study 

were purified by standard methods [21,22]. Before use, all 
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chemicals were stored over 0.4nm molecular sieves for 72 

hrs to remove the water content, if any, and were degassed at 

low pressure. Moreover, name of the chemical, source, CAS 

number, purification method and purity in mass fraction of 

the component liquids are given in Table-1.The mixtures 

were prepared by mass and were kept in special airtight 

stoppered glass bottles to avoid evaporation. All samples 

were prepared immediately prior to measurements using an 

electronic balance (CPA-225D, Sartorius, Germany) 

precisely within ±1×10
-5

g. The uncertainty in the mole 

fraction was estimated to be within ± 1×10
−4

. 

 

The densities of the pure liquids and their binary 

mixtures were measured by using a single-capillary 

pyconometer (made of Borosil glass) having a bulb capacity 

of ≈10mL. The capillary, with graduated marks, had a 

uniform bore and could be closed by a well-fitting glass cap. 

The marks on the capillary were calibrated by using triply 

distilled water. The densities of pure water at the required 

temperature were taken from the literature [23]. The 

reproducibility of the density measurements was within ±2 x 

10
-5

 g.cm
-3

. The temperature of the test liquids during the 

measurements was maintained to an accuracy of ±0.02K in 

an electronically controlled thermostatic water bath (Julabo). 

The refractive index in pure liquids and in their binary 

mixtures were measured using an Abbe Refractometer. The 

refractive index data were reproducible within ±0.2.The 

reliability of experimental measurements of density and 

refractive index was ascertained by comparing the 

experimental data of the pure liquids with the corresponding 

literature values [24-26] at the studied temperatures. This 

comparison is given in Table-2 and the experimental and 

literature values compare well in general. 

III. THEORY 

Looking at the literature, it is possible to extract 

many equations and empirical or theoretical models, due to 

various authors, accounting for the dependence of refractive 

properties on binary composition of liquid mixtures. With the 

aim of checking the effectiveness of these equations when 

applied to the systems here investigated, we have made a 

speculative test in order to compare their relative merits, 

basing the judgement on the average difference between 

experimental values and those calculated by the selected 

relationships. The ‘mixing rules’ tested here are the 

following: 

Arago-Biot (A-B), assuming volume addivity, proposed the 

following relaiton for refractive index of binary mixtures: 

2211 nnnm φφ +=     (1) 

Eykman’s (E) relation is represented as: 
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where, symbols have their usual meaning. 

Eyring and John (E-J) relation: 
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Gladstone-dale (G-D) equation for predicting the refractive 

index of a binary mixture is as follows: 

( ) ( ) ( )111
2211

−+−=− nnn
m

φφ  (4) 

Heller’s (H) relation is given by: 
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The Lorentz-Lorenz (L-L) relation for refractive index is 

based on the change in the molecular polarizability with 

volume fraction: 
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Newton (N) gave the following equation: 
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Oster (Os) relation: 
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Weiner’s (W) relation is represented as: 
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In the above equations, nm is the refractive index of the 

mixture; n1 and n2 are the refractive indices of the pure 

components 1 and 2 respectively. φi is volume fraction of 

component i. /i i i i ixV xVφ = ∑ , Vi is the molar volume of 

component i and xi is the mole fraction of component i.  

With the aim of gathering further information about 

the specific intermolecular interactions in these binary 

systems, we have investigated the molar refraction, R, 

defined by the Lorentz-Lorenz equation: 

m

m

m V
n

n
R 









+

−
=

2

1
2

2

  (10) 

where, Vm =(x1M1+x2M2)/ρ  is the molar volume. 

∆nD and ∆R were calculated using the following equations: 

2211 DDDD
nxnxnn −−=∆  (11) 

2211
RxRxRR −−=∆ (12) 

wherenD is the refractive index of the mixture, xi is the mole 

fraction, and Ri is the molar refraction of component i. 

The deviations were further fitted to the Redlich-Kister 

polynomial equation [27]: 
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Table -1: Details of studied compounds, CAS number, source, purification method, purity and analysis method. 

 

Chemical name CAS number Source 
Purification 

method 

Mass fraction 

purity 

Analysis 

method 

1,4 butanediol 110-63-4 Sigma Aldrich 
Vacuum 

distillation 
0.99 

Gas 

chromatography 

α-picoline 109-06-8 Sigma Aldrich 
Vacuum 

distillation 
≥0.99 

Gas 

chromatography 

β-picoline 108-99-6 Sigma Aldrich 
Vacuum 

distillation 
≥0.99 

Gas 

chromatography 

γ-picoline 108-89-4 Sigma Aldrich 
Vacuum 

distillation 
≥0.99 

Gas 

chromatography 

GC = Gas chromatography 

where ∆X is the deviation in parameters and x1 is the mole 

fraction of 1,4-BD. The values of Redlich-Kister polynomial 

coefficients, Ai, were evaluated by the method of least 

squares and the standard deviation σ (∆X) was calculated as:  
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where n and m are the number of data points and parameters, 

respectively. 

The results obtained from Eq. (1)-(9) have been analyzed in 

terms of average percentage deviation (APD) calculated 

using the relation 
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wherem is number of data points 

IV. RESULTS AND DISCUSSION 

Experimental values of densities and refractive 

indices for the binary mixtures 1,4-BD + α-picoline, + β- 

picoline, + γ- picoline have been reported in Table-3 at 

temperatures T = (303.15-318.15) K over the entire mole 

fraction range. Variation of refractive index deviation, molar 

refraction, and molar refraction deviation with mole fraction 

of 1,4-BD have been shown in Figs. 1 (a to c) to 3 (a to c) 

respectively. The deviation parameters are fitted to Redlich-

Kister equation, the adjustable parameters and standard 

deviations have been given in Table-4. Table-5 summarizes 

the APD values between the experimental nD values and 

those calculated for each mixing rule. It is evident that all 

selected relations can be profitably used if only a rough 

approximation in predictive calculations is required.  

The basis of these mixing rules of refractive index is 

Electromagnetic theory of light, which treats the molecules 

as dipoles or assemblies of dipoles by an external field. 

Refractive index dependent on the nature of liquid, pressure 

and temperature and is directly related to a number of 

physical parameters of the liquid such as dielectric constant, 

density, molar refractivity etc. Here an attempt has been 

made to study the validity of nine mixing rules for predicting 

the refractivity of binary liquid system, over the entire mole 

fraction range. 

 

From Table-5 it can be observed that the APD values are 

smaller for Eyring-John relation and larger for Oster relation, 

even if the relative merits of the checked equations are 

comparable in magnitude to each other. The equations used 

in this paper for investigation is limited to some literature 

models which can be applied when preliminary knowledge of 

liquid mixture density is available. Some other equations are 

also available for prediction of refractive indices but the 

applicability of those models needs the a priori knowledge of 

one or more empirical parameters other than density for each 

mixed liquid.  

 

Figure-1 (a to c) shown the profiles of ∆nD against the 

mole fraction of 1,4-BD at each temperature. The trends are 

always positive for all the mixtures studied, with a sharp 

maximum centered at x1 = 0.5 which becomes higher as 

temperature increases. The same trends have been observed 

at all temperatures studied. The maximum values may 

indicate the presence of a complex adduct. The ∆nD values 

are observed in the order 1,4-BD + β-picoline> 1,4-BD + α-

picoline> 1,4-BD + γ-picoline at all temperatures studied. 

 

The sign and magnitude of ∆nD also varies with the 

structural characteristics of the liquid components arising 

from the geometrical fitting of one component into the 

structure of other component due to the difference in the 

molecular size and shape of the components. If the unlike 

molecules have almost the same molar volumes, this effect 

should be significant. However, even if slight difference in 

the free volume between different species could facilitate the 

penetration of one component into the other and as the 

difference of the free volumes of the two pure species 

increases, the more positive should be the contribution to 

∆nD. The interstitial accommodation of the small molecules 

of 1,4-BD (Vm = 12.1 cm
3
 mol

-1
 at 298.15 K) in the large 

methylpyridine isomers (Vm(α-pyridine) = 79.2 cm
3
 mol

-1
,  Vm(β-
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Table- 2: Comparison of densities, ρ, and refractive indices, nD, of pure liquids with their literature values at T = 303.15, 

308.15, 313.15 and 318.15K and atmospheric pressure 0.1Mpa. 

Compound T(K) 
ρ/kg.m

-3
 nD 

Experimental Literature Experimental Literature 

1,4 butanediol 

303.15 1.0094 1.00967
24

 1.4470 - 

308.15 1.0068 1.00670
24

 1.4449 - 

313.15 1.0038 1.00373
24

 1.4430 - 

318.15 1.0004 1.00076
24

 1.4410 - 

α-picoline 

303.15 0.9352 0.9351
25

 1.4960 - 

308.15 0.9303 0.9304
25

 1.4941 - 

313.15 0.9257 0.9271
26

 1.4921 - 

318.15 0.9209 - 1.4899 - 

β-picoline 

303.15 0.9474 0.9474
25

 1.5003 - 

308.15 0.9427 0.9428
25

 1.4979 - 

313.15 0.9381 - 1.4956 - 

318.15 0.9345 - 1.4936 - 

γ-picoline 

303.15 0.9459 0.9454
25

 1.4998 - 

308.15 0.9406 0.9408
25

 1.4978 - 

313.15 0.9342 - 1.4957 - 

318.15 0.9296 - 1.4932 - 

pyridine) = 79.2 cm
3
 mol

-1
 and Vm(γ-pyridine) = 97.4 cm

3
 mol

-1
 at 

298.15 K) will also make the deviations of ∆nD positive. 

 

In general, the positive deviations in ∆nD values are 

considered due to the presence of significance interactions in 

the mixtures, whereas negative deviations in ∆nD values 

indicate weak interactions between the components of the 

mixture [28]. The observed trends (Figure-1 (a to c) and 

magnitudes of ∆nD values indicate the presence of significant 

interactions in all the mixtures taken up for the study. The 

deviation in ∆nD values are found opposite to the sign of 

excess molar volumes for all the three mixtures [6], which is 

in agreement with the view proposed by Brocoset al., [29]. 

With the aim of gathering further informations about the  

 

specific intermolecualr interactions in these binary mixtures, 

we have investigated the molar refraction R. It must be 

rembered that R is a computed property strictly related to the 

electronic polarizability (α) of a real system (either pure or 

mixed components) by the equation: R = (4/3)παL. Therefore 

any information related to quantity R can be parallely 

referred to the total electronic polarizability of the 

investigated system.  

 

Thus R being affected by any variation of the chemical 

environment of a real species, its functional dependecne on 

temeprature and binary composition provides information 

about the intermolecualr interactions and driving forces 

acting on the liquid structure of the binary mixtures. The 

caluclated R values of pure components at T= 303.15 K are 

2.3693 (1,4-BD), 2.9091 (α-picoline), 2.8926 (β-picoline), 

and 2.8948 (γ-picoline). Figure-2 (a to c) illustrates the  R 

profile against x1 for the three binary systems at four  

 

different temepratures. As it can be seen, the R values 

decreases with increase in concentration of 1,4-BD in all the 

sytems studied. 
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Table-3: Densities, ρ, and refractive indices, nD, as a function of mole fraction 1,4-BD  at T= (303.15 – 318.15)K 

at atmospheric pressure 0.1MPa 

x1 ρ/kg.m
-3

 nD ρ/kg.m
-3

 nD ρ/kg.m
-3

 nD ρ/kg.m
-3

 nD 

1,4 butanediol (1) + α-picoline (2) 

 T=303.15K T=308.15K T=313.15K T=318.15K 

0.0000 935.2 1.4960 930.3 1.4941 925.7 1.4921 920.9 1.4899 

0.1236 945.8 1.4900 941.4 1.4882 937.1 1.4864 932.5 1.4845 

0.2410 955.5 1.4843 951.4 1.4826 947.4 1.4809 943.1 1.4792 

0.3524 964.3 1.4788 960.5 1.4772 956.8 1.4755 952.6 1.4740 

0.4585 972.4 1.4735 968.9 1.4719 965.3 1.4702 961.3 1.4688 

0.5594 979.8 1.4683 976.5 1.4667 973.1 1.4650 969.2 1.4637 

0.6557 986.7 1.4632 983.6 1.4615 980.2 1.4598 976.5 1.4586 

0.7477 993.1 1.4581 990.1 1.4563 986.8 1.4546 983.3 1.4535 

0.8355 998.9 1.4531 996.1 1.4512 993.0 1.4495 989.5 1.4483 

0.9195 1004.3 1.4482 1001.6 1.4462 998.6 1.4443 995.1 1.4431 

1.0000 1009.4 1.4435 1006.8 1.4413 1003.8 1.4393 1000.4 1.4379 

1,4 butanediol (1) + β-picoline (2) 

0.0000 947.4 1.5003 942.7 1.4979 938.1 1.4956 934.5 1.4936 

0.1224 956.0 1.4939 951.6 1.4917 947.3 1.4896 943.9 1.4878 

0.2389 963.9 1.4880 959.8 1.4859 955.8 1.4839 952.4 1.4822 

0.3498 971.2 1.4822 967.4 1.4802 963.5 1.4783 960.2 1.4767 

0.4556 977.9 1.4765 974.4 1.4745 970.7 1.4726 967.4 1.4711 

0.5566 984.2 1.4708 980.9 1.4688 977.3 1.4669 974.1 1.4655 

0.6531 989.9 1.4650 986.8 1.4630 983.4 1.4612 980.2 1.4598 

0.7455 995.3 1.4593 992.3 1.4573 989.1 1.4555 985.8 1.4542 

0.8339 1000.3 1.4538 997.5 1.4518 994.3 1.4499 991.0 1.4486 

0.9187 1005.0 1.4485 1002.3 1.4464 999.2 1.4445 995.8 1.4432 

1.0000 1009.4 1.4435 1006.8 1.4413 1003.8 1.4393 1000.4 1.4379 

1,4 butanediol (1) + γ-picoline (2) 

0.0000 945.9 1.4998 940.6 1.4978 934.2 1.4957 929.6 1.4932 

0.1224 954.6 1.4933 949.7 1.4914 943.8 1.4894 939.4 1.4872 

0.2389 962.5 1.4872 958.1 1.4853 952.7 1.4835 948.5 1.4814 

0.3498 969.9 1.4813 965.8 1.4794 960.8 1.4777 956.7 1.4757 

0.4556 976.7 1.4755 972.9 1.4737 968.3 1.4719 964.4 1.4701 

0.5566 983.1 1.4699 979.5 1.4681 975.3 1.4663 971.5 1.4646 

0.6531 989.1 1.4645 985.7 1.4626 981.8 1.4608 978.1 1.4592 

0.7455 994.7 1.4592 991.5 1.4572 987.9 1.4554 984.3 1.4539 

0.8339 999.9 1.4539 997.0 1.4519 993.6 1.4500 990.1 1.4486 

0.9187 1004.8 1.4487 1002.0 1.4465 998.8 1.4446 995.4 1.4432 

1.0000 1009.4 1.4435 1006.8 1.4413 1003.8 1.4393 1000.4 1.4379 

 

Starting from the R data, it is possible to study the 

related deviaiton ∆R, obtained by applying the relation (12). 

∆R gives the strength of interaction in mixture and is 

sensitive function of wavelength, temperature and mixture 

composition.The results of this analysis are plotted in Figure-

3 (a to c) for the three systems at various temperatures. The 

deviations from linearity of ∆R are similar for the three 

systems. Decreasing ∆R values are observed for increase in 

temperature. This decrease is less in case of 1,4-BD + γ-

picoline system when compared to other two sytems. 
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Table- 4: Coefficients Ajof equation (12) along with standard deviations σ of binary mixture properties. 

Parameter T/K a b c d e σ 

1,4 butanediol + α-picoline 

∆nD

 

303.15 6.54E-03 2.15E-03 -2.25E-03 -1.53E-03 9.49E-04 1.27E-05 

308.15 8.37E-03 2.58E-03 -1.99E-03 -1.42E-03 -2.68E-04 9.60E-06 

313.15 9.55E-03 2.55E-03 -9.44E-05 -1.28E-03 -1.38E-03 8.91E-06 

318.15 1.13E-02 3.02E-03 2.02E-03 -3.51E-04 -2.68E-03 1.66E-05 

∆R 

303.15 -4.81E-02 1.82E-02 -1.52E-02 -8.38E-03 8.63E-03 7.28E-05 

308.15 -4.44E-02 2.10E-02 -1.34E-02 -7.38E-03 2.57E-04 4.86E-05 

313.15 -4.31E-02 2.13E-02 -3.26E-03 -5.90E-03 -6.96E-03 4.53E-05 

318.15 -3.82E-02 2.44E-02 3.67E-03 -2.42E-03 -8.70E-03 8.47E-05 

1,4 butanediol + β-picoline 

∆nD

 

303.15 8.38E-03 3.19E-04 -6.13E-03 2.14E-05 1.61E-03 1.13E-05 

308.15 9.59E-03 1.65E-04 -5.79E-03 7.04E-05 2.06E-03 4.80E-06 

313.15 1.08E-02 1.17E-04 -4.56E-03 2.32E-04 9.61E-04 7.84E-06 

318.15 1.16E-02 4.05E-04 -3.61E-03 -1.62E-05 7.10E-04 1.12E-05 

∆R 

303.15 2.12E-02 4.88E-03 -2.59E-02 1.16E-03 5.04E-03 3.09E-05 

308.15 -1.95E-02 4.58E-03 -2.38E-02 1.77E-03 6.33E-03 2.10E-05 

313.15 -1.75E-02 4.29E-03 -1.99E-02 3.75E-03 3.20E-03 3.20E-05 

318.15 -1.54E-02 5.75E-03 -1.44E-02 4.39E-03 1.33E-03 4.87E-05 

1,4 butanediol + γ-picoline 

∆nD 

303.15 5.69E-03 2.39E-03 1.63E-03 7.05E-04 -2.78E-03 1.05E-05 

308.15 6.62E-03 2.07E-03 1.90E-03 1.38E-03 -3.63E-03 1.06E-05 

313.15 7.83E-03 1.91E-03 1.86E-03 1.26E-03 -3.08E-03 1.12E-05 

318.15 8.57E-03 2.11E-03 1.97E-03 5.40E-04 -1.72E-03 1.28E-05 

∆R 

303.15 -3.08E-02 1.56E-02 4.64E-03 3.51E-03 -1.14E-02 4.38E-05 

308.15 -3.10E-02 1.47E-02 6.12E-03 6.67E-03 -1.69E-02 4.35E-05 

313.15 -3.11E-02 1.49E-02 5.58E-03 5.96E-03 -1.40E-02 4.04E-05 

318.15 -3.00E-02 1.64E-02 6.10E-03 1.60E-03 -9.00E-03 2.69E-05 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table- 5: Calculated APD for different “Mixing rules” applied to the selected binary systems at T = 303.15 to 318.15 K. 

T / K A-B E E-J G-D H L-L N Os W 

 1,4-BD + α-picoline 

303.15 0.040

9 
0.0409 0.031

4 

0.045

7 
0.0512 0.0516 0.0635 0.0695 0.0444 

308.15 0.059

2 
0.0592 0.049

5 

0.064

1 
0.0696 0.0701 0.0822 0.0882 0.0628 

313.15 0.074

2 
0.0742 0.064

5 

0.079

0 
0.0846 0.0850 0.0972 0.1032 0.0777 

318.15 0.095

8 
0.0958 0.086

3 

0.100

5 
0.1058 0.1063 0.1181 0.1240 0.0992 

 1,4-BD + β-picoline 

303.15 0.028

0 
0.0280 0.016

8 

0.033

5 
0.0400 0.0407 0.0544 0.0614 0.0321 

308.15 0.041

5 
0.0415 0.030

4 

0.047

0 
0.0534 0.0541 0.0678 0.0747 0.0456 

313.15 0.055

3 
0.0553 0.044

3 

0.060

8 
0.0671 0.0679 0.0814 0.0883 0.0593 

318.15 0.066

1 
0.0661 0.055

3 

0.071

5 
0.0777 0.0784 0.0917 0.0985 0.0701 

 1,4-BD + γ-picoline 

303.15 0.003

4 
0.0034 0.007

5 

0.008

9 
0.0153 0.0160 0.0295 0.0363 0.0075 

308.15 0.012

5 
0.0125 0.001

4 

0.018

0 
0.0244 0.0252 0.0388 0.0457 0.0166 

313.15 0.025

3 
0.0253 0.014

3 

0.030

9 
0.0372 0.0380 0.0516 0.0585 0.0294 

318.15 0.035

1 
0.0351 0.024

5 

0.530

1 
0.0466 0.0473 0.0604 0.0671 0.0391 
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The deviations of theoretical values from experimental ones 

are temperature-independent. This may be attributed to the 

fact that variation in refractive index with temperature is 

compensated by the change in density of the liquid mixture. 

However, in cases where the variation is significant with 

change in temperature, it can be used for interpreting the  

 

structure and interactions in the liquid by computing other 

dielectric, optical and acoustical properties using 

experimental data. If the concept of excess volume (which is 

an indirect measure of interaction) is taken into consideration 

in various mixing rules, the deviation between the observed 

and theoretical values of refractive index may be reduced. 

 
 

Figure 1(a): Plots of deviation in refractive index, ∆nDagainst mole fraction x1 of 1,4-BD at T = (303.15-318.15) K for 1,4-BD + α-picoline. 

 

 

Figure 1(b)Plots of deviation in refractive index, ∆nD against mole fraction x1 of 1,4-BD at T = (303.15-318.15) K for 1,4-BD + β-picoline. 
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Figure 1(c): Plots of deviation in refractive index, ∆nDagainst mole fraction x1 of 1,4-BD at T = (303.15-318.15) K for 1,4-BD + γ-picoline. 

 

 

 
 

Figure 2(a): Plots of molar refraction, R against mole fraction x1 of 1,4-BD at T = (303.15-318.15) K for 1,4-BD + α-picoline. 
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Figure 2(b): Plots of molar refraction, R against mole fraction x1 of 1,4-BD at T = (303.15-318.15) K for 1,4-BD + β-picoline. 

 

 

 
 
 

Figure 2(c): Plots of molar refraction, R against mole fraction x1 of 1,4-BD at T = (303.15-318.15) K for 1,4-BD + γ-picoline. 
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Figure 3(a): Plots of deviation in molar refraction, ∆R against mole fraction x1 of 1,4-BD at T = (303.15-318.15) K for 1,4-BD + α-picoline. 

 

 

 
 
 

Figure 3(b): Plots of deviation in molar refraction, ∆R against mole fraction x1 of 1,4-BD at T = (303.15-318.15) K for 1,4-BD + β-picoline. 
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Figure 3(c): Plots of deviation in molar refraction, ∆R against mole fraction x1 of 1,4-BD at T = (303.15-318.15) K for 1,4-BD + γ-picoline. 

 

  

V.CONCLUSION 
 

Density and refractive index values are measured 

experimentally and various mixing rules of refractive index 

were used to test their validity for binary mixtures. It may be 

concluded that all the mixing rules discussed are interrelated 

in a simple quantitative manner and perform well within the 

limits of experimental error. Negative and positive deviations 

are observed between experimental and theoretical values 

calculated by using various theories/models. The lowest 

deviations for the calculated refractive indices have been 

obtained by using Eyring-John equation, whereas the Oster 

equation gives the highest deviations at all temperatures for 

all the mixtures studied. Deviations in refractive index and 

molar refraction are observed to be positive and negative 

respectively for all the three systems and for all the 

temperatures studied. 
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