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Abstract. The properties of gasoline change as a result of blending with a bioalcohol, affecting the behavior of 

the pseudo-binary system. The aim of this paper is to present experimental data of the refractive index for pseudo-

binary mixtures of a reformate gasoline with ethanol, isopropanol and n-butanol over the entire composition range 

and for temperature ranging from 293.15 K to 313.15 K. The accuracy of different equations to predict the 

refractive index of the mixtures was tested. The best prediction accuracy (the lower AAD) corresponded to Eykman 

and Lorentz-Lorenz mixing rules. A logarithmic equation proposed to correlate the refractive index with 

composition and temperature of gasoline+alcohol mixtures showed a good accuracy (the absolute average 

deviation AAD < 0.052%). The deviations in refractive index for investigated systems are negative over the entire 

composition range and at all investigated temperatures.  
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1. Introduction  

The environment protection is one of the main 

challenges of the XXI century. The combustion of the 

fuels in the vehicle engines is one of the important 

sources of environment pollution. A way to reduce 

the impact of transport sector on the environment and 

to preserve the existing reserves of fossil fuels is the 

use of biofuels that are made from renewable 

materials. Biofuels can be used as substitutes or 

additives for fossil fuels. Bioethanol is currently used 

as blending component for gasoline in order to reduce 

pollution from vehicle exhaust gases [1, 2]. Other 

bioalcohols like biopropanol and biobutanol have 

been received attention due to their advantages over 

bioethanol: better solubility, less evaporative 

emissions, combustion efficiency, less flammability 

and volatility effects, low heating value and reduced 

corrosion effects [3, 4]. Gasoline is a multicomponent 

system, composed mainly by different hydrocarbon 

groups: paraffins, naphtenes, olefins and aromatics.  

The proportion of different types of hydrocarbons 

from a gasoline depends on the characteristics of the 

raw material, but also on the process by which it was 

obtained (atmospheric distillation, catalytic cracking, 

catalytic reforming, isomerization or alkylation). 

Obviously, the properties of gasoline change as a 

result of blending with a bioalcohol, affecting the 

behavior of the pseudo-binary system. 

There are many studies presented in literature 

regarding the properties of gasoline+ethanol system 
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[5-7], but there is a lack of research on 

gasoline+propanol or butanol blends [5, 8].  

The study of the properties of gasoline blended 

with bioalcohols is necessary in order to understand 

the complex behavior of these mixtures. In a previous 

paper [9] we investigated the refractive index of 

gasoline+n-butanol mixtures at 293.15 K constant 

temperature, and density and viscosity at 293.15, 

298.15, 303.15, 308.15, 313.15, 318.15 and 323.15 K, 

respectively. 

Refractive index of a liquid mixture can be 

correlated with other important properties that are 

more difficult to be measured [10]. Refractive index 

of gasoline components, as hydrocarbons from 

paraffins, naphtenes, olefins and aromatics groups, 

together with other hydrocarbons properties, can be 

used to predict the octane number of the gasoline. 

Also, it can be used to develop blending recipes for 

commercial gasoline that meet quality standards 

requirements [11] and to assess the quality of this 

petroleum product [12]. The experimental 

determination of refractive index can be easily and 

rapidly done with a proper accuracy using small 

amounts of sample.  

The aim of this paper is to present experimental 

data of the refractive index of pseudo-binary mixtures 

consisting in a reformate gasoline with ethanol, 

isopropanol and n-butanol over the entire 

composition range and for temperature ranging from 

293.15 K to 313.15 K.  
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The accuracy of different equations to predict the 

refractive index of the mixtures was assessed. The 

deviation in refractive index has been calculated and 

the results have been fitted to Redlich-Kister 

polynomial equation. Literature survey showed that 

these refractive index data are new, except our study 

regarding the refractive index of gasoline+n-butanol 

mixtures at 293.15 K [9]. 

 

2. Materials and methods 

In this study a reformate gasoline with research 

octane number (RON) 95 and ethanol, isopropanol 

and n-butanol of 99.5%, 99.0 %, and 99.5 % purity, 

respectively were used. Some properties of gasoline 

and alcohols used in this study and their 

corresponding literature values are presented in Table 

1. The pseudo-binary gasoline+alcohol mixtures were 

prepared at room temperature for various volume 

fractions, in order to cover the entire composition 

range. 

Table 1. Properties of gasoline, ethanol, isopropanol and n-butanol  

Property Gasoline Ethanol Isopropanol n-Butanol 

exp exp literature exp literature exp literature 

Density at 20 oC (g/cm3) 0.7919 

 

0.8034 

 

0.7909 [13] 

0.7950[14] 

0.7851 

 

0.7855[15] 

0.7853[16] 

0.8102 0.8101[17] 

0.8097[13] 

Dynamic viscosity at 40 oC 

(mPa∙s) 

0.3673 

 

0.9081 

 

0.829 [18] 

0.837[19] 

1.3236 

 

1.3470[16] 

1.3500 [20] 

1.7769 

 

1.7696[21] 

Refractive index at 20 oC 1.4520 1.3624 1.362 [22] 1.3766 1.3750 [23] 

1.3752[24] 

1.3991 1.3950[22] 

1.3991[25] 

 

The experimental uncertainty in volume fraction 

was estimated to be less than ±0.002. The mixtures 

were prepared in airtight narrow-mouth ground glass 

stoppered bottle, in order to minimize the evaporative 

losses. Refractive index (nD) was measured with an 

Atago 3T refractometer coupled to a thermostated 

bath, on the wavelength of the sodium D line (589.3 

nm) and at atmospheric pressure. The measurements 

were carried out in the temperature range from 293.15 

K to 313.15 K at 10 degrees intervals. The uncertainty 

of refractive index data was of 10-4 and the accuracy 

of the temperature of the thermostated bath was of 

±0.05 K. The refractometer was calibrated using 

doubly distilled water at atmospheric pressure 

according to the instrument operating instructions. 

All the measurements for each binary mixture at 

working temperature were repeated three times, and 

the minimum value of the three measurements was 

selected in order to eliminate bias caused from 

evaporation [12].  

The accuracy of different mixing rules in the 

prediction of the refractive index of pseudo-binary 

gasoline+alcohol mixtures was assessed using the 

following equations:   

- Lorentz-Lorenz equation: 
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where nD is the refractive index of the mixture, nD1 

and nD2 are the refractive indices of the mixture 

components, ϕ1 and ϕ2 are the volume fractions of 

component 1 and 2, respectively; 

- Gladstone-Dale equation: 
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- Newton equation: 
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- Eykman equation: 
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A Krisnangkura type equation [26] was tested to 

represents the dependence of refractive index on both 

mixture composition and temperature: 
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where a, b, c and d  are fitting parameters and T is 

absolute temperature. 

The accuracy of tested equations was evaluated 

using the absolute average deviation (AAD, %): 
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where the subscripts exp and cal at refractive index 

refers to the experimental and calculated values, 

respectively, and N is the number of experimental 

data points. 

Deviation in refractive index ΔnD was obtained 

from experimental refractive index data for the 

mixture and pure components (1, 2): 

 2211exp, DDDD nnnn    (7) 

The deviation in refractive index ΔnD, was 

correlated with Redlich-Kister equation: 
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where Ak are fitting parameters. 

The values of Ak parameters were determined to 

minimize the standard deviation (σ) of the fit, defined 

by the equation: 
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where n is the number of experimental data points and 

p is the number of fitted parameters. The optimum 

number of fitting parameters from Eq. (9) was 

determined from examination of the AAD value. 

3. Results and discussion 

Experimental results of refractive index variation 

with composition and temperature for 

gasoline+ethanol, gasoline+isopropanol and 

gasoline+n-butanol mixtures are represented in Fig.1. 

 

 
a)       b) 

 
c) 

Figure 1. Refractive index versus composition at different temperatures (♦ =293.15 K; ■ = 303.15 K; ● = 313.15 

K) for: a) gasoline(1)+ethanol(2); b) gasoline(1)+isopropanol(2); c) gasoline(1)+n-butanol(2).

It can be observed that for all gasoline+alcohol 

mixtures the refractive index increases linearly with 

gasoline volume fraction at all temperatures. The 

refractive index decreases with temperature 

increasing for all investigated systems. It is worth to 

mention that a comparison of the refractive index 

measurements was not done in literature due to lack 

of published data for these investigated systems. 

Linear variation of refractive indices with 

composition for these mixtures and the significant 

differences between the values of pure components 

recommends these kind of measurements to 

determine the composition of gasoline mixtures with 

alcohol. Based on experimental data, the accuracy of 

different mixing rules for refractive index prediction 

from the refractive index of gasoline and pure 

alcohols, was assessed. Table 2 summarizes the 

absolute average deviation (AAD %) of the refractive 

index calculation using Eqs (1-4). It can be observed 

that the best prediction accuracy (the lower AAD) 

corresponded to both Eykman and Lorentz-Lorenz 

equations for all investigated gasoline+alcohol 

mixtures. 

The refractive index of the gasoline+alcohol 

mixtures was correlated with composition and 

temperature using Eq. (5). The values of the empirical 

parameters, together with the corresponding AADs 

are presented in Table 3. The relatively low values of 

AADs (smaller than 0.052 %) between the 

experimental and the calculated data for 

gasoline+ethanol, gasoline+isopropanol and 

gasoline+n-butanol mixtures, respectively, suggest 

that the proposed equation satisfactorily correlates the 

refractive index with temperature and composition.  
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Solutions of different alcohols: ethanol, 

isopropanol and n-butanol mixed with gasoline are 

not ideal systems as a result of the differences 

between polar molecules of the alcohol and the non-

polar or slightly hydrocarbon molecules from 

gasoline, thus resulting in different intermolecular 

forces and different molecular packing in the mixture, 

comparing to the pure components. The obtained 

deviations in refractive index for the gasoline-alcohol 

mixtures indicate a non-ideal behavior of such 

systems.  

The deviation in refractive index of binary 

mixtures calculated with Eq. (7) is plotted as points 

against volume fraction in Figure 2. The lines 

represent the correlation with Redlich-Kister equation 

(Eq. 8). The adjustable parameters from the Redlich-

Kister equation, together with the corresponding 

standard deviations are presented in Table 4. 

 

 
a)      b) 

 
c) 

Figure 2. Deviation in refractive index versus volume fraction of gasoline (Φ1) at different temperatures (♦ 

=293.15 K; ■ = 303.15 K; ● = 313.15 K) for: a) gasoline+ethanol; b) gasoline+isopropanol; c) gasoline+n-

butanol; the points- experimental data, the curves- Redlich-Kister correlation. 

Table 2. Absolute average deviation (AAD, %) for the predictive estimation of refractive index of pseudo-binary 

gasoline+alcohol mixtures using different equations 
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Equation 

AAD (%) 

293.15 K 303.15 K 313.15 K 

Gasoline+ethanol 

Lorentz-Lorenz 0.021 0.043 0.060 

Gladstone-Dale 0.042 0.069 0.085 

Newton 0.068 0.096 0.113 

Eykman 0.025 0.008 0.022 

 Gasoline+isopropanol 

Lorentz-Lorenz 0.023 0.038 0.046 

Gladstone-Dale 0.042 0.057 0.101 
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Table 3. Fitting parameters and absolute average deviation (AAD, %) of the correlation of the refractive index 

with composition and temperature of gasoline+alcohol mixtures using Eq. (5) 

System Parameter Temperature 

(K) 

AAD 

(%) 
a b c d 

Gasoline+ethanol 0.2108 

 

0.0567 28.8530 1.9925 293.15 0.0209 

303.15 0.0275 

313.15 0.0257 

 

Gasoline+isopropanol 

0.2181 

 

0.2181

 

0.0487 29.7020 1.3130 293.15 0.0125 

303.15 0.0299 

313.15 0.0513 

 

Gasoline+n-butanol 

0.2471 

 

0.0329 28.9170 1.2178 293.15 0.0210 

303.15 0.0320 

313.15 0.0499 

Table 4. Fitting parameters of Redlich-Kister equation and corresponding standard deviations (σ) for deviation 

in refractive index of gasoline+alcohol mixtures 

System Temperature 

(K) 

Parameter σ 

A0 A1 A2 A3 

Gasoline+ethanol 293.15 -0.0049 -0.0014 -0.0006 0.0022 0.0028 

303.15 -0.0064 -0.0005 -0.0033 -0.0009 0.0014 

313.15 -0.0078 0.0002 -0.0060 -0.0045 0.0018 

Gasoline+isopropanol 

293.15 -0.0046 0.0004 -0.0035 -0.0026 0.0026 

303.15 -0.0053 0.0002 -0.0047 -0.0028 0.0027 

313.15 -0.0062 0.0002 -0.0069 -0.0046 0.0027 

 

Gasoline+n-butanol 

293.15 -0.0034 -0.0002 -2.6E-05 0.0011 0.0001 

303.15 -0.0047 -0.0004 -0.0036 0.0016 0.0022 

313.15 -0.0064 -0.0008 -0.0060 0.0031 0.0029 

From Figure 2 it can be observed that the 

deviations in refractive index (ΔnD) for investigated 

systems are negative over the entire composition 

range and at all investigated temperatures. The 

deviation in refractive index increases with 

temperature increasing. 

4. Conclusions  

The conclusions arising from this study are the 

followings: 

- the refractive index of gasoline+ethanol, 

gasoline+isopropanol and gasoline+n-

butanol mixtures increases with gasoline 

volume fraction and decreases with 

temperature increasing; 

- the refractive index of the studied 

gasoline+alcohol mixtures can be accurately 

predicted from the refractive index of 

gasoline and alcohol, using both Eykman 

and Lorentz-Lorenz mixing rules; 

- the deviations in refractive index (ΔnD) are 

negative over the entire composition range 

and at all investigated temperatures; 

- the refractive indices can be used to 

determine the composition of these 

gasoline+alcohol systems. 
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