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ABSTRAK 
 

Sifat termofizikal bagi campuran hidrokarbon memainkan peranan penting dalam prosess 

industri seperti proses penyulingan, operasi pengekstrakan, imbangan jisim dan tenaga 

serta menyelesaikan masalah dalam pemindahan haba, pemindahan jisim dan aliran 

bendalir. Kajian ke atas sifat termofizikal seperti ketumpatan dan kelikatan cecair 

campuran pada komposisi dan suhu yang berbeza adalah sumber maklumat yang bernilai 

dalam menilai hubungan diantara struktur dalaman dan sifat fizikal. Dalam kajian ini, 

ketumpatan dan kelikatan campuran cecair binari bagi methyl tert-butyl ether (MTBE) 

dengan metanol, diisopropyl ether (DIPE) dan N-methylaniline (NMA) telah diukur 

dengan menggunakan alat DMA 4500 M meter ketumpatan dan alat Anton Paar´s 

Stabinger Viscometer™ SVM™ 3000 pada suhu 35 °C, 40 °C dan 45 °C. Ketumpatan 

dan kelikatan bagi campuran MTBE-metanol dan MTBE-NMA menunjukkan penurunan 

dengan peningkatan komposisi MTBE pada semua suhu. Manakala campuran MTBE-

DIPE menunjukkan peningkatan dalam ketumpatan dan kelikatan. Selain itu, persamaan 

Jouyban-Acree telah digunakan untuk menganggarkan nilai ketumpatan dan kelikatan 

yang mana purata ralat mutlak (MAE) yang rendah iaitu 0.3 % dan 2.2 % telah diperolehi. 

Lebihan isipadu molar dan sisihan kelikatan telah dikira menggunakan data eksperiman 

bagi ketumpatan dan kelikatan. Ia juga telah dikorelasikan dengan persamaan Redlich-

Kister yang mana kesesuaian yang baik telah dicapai. Berdasarkan nilai tersebut, lebihan 

isipadu molar yang negatif adalah lebih bersesuain untuk mendapatkan kombinasi bahan 

api yang kuat. Maka campuran MTBE-metanol dan MTBE-NMA mesti dicampur pada 

komposisi MTBE yang tinggi. Walau bagaimanapun komposisi MTBE yang rendah perlu 

digunakan bagi campuran MTBE-DIPE. Sisihan kelikatan yang negatif telah dicapai bagi 

semua campuran dan nilainya semakin berkurang apabila suhu meningkat. Ini 

menunjukkan kekuatan kimia atau interaksi yang spesifik untuk campuran binari dari segi 

pengikatan hidrogen diantara ketidaksamaan molekul-molekul. Kajian mengenai 

interaksi molekul dilaksanakan dengan menggunakan analisis pengecilan jumlah 

pemantulan berdasarkan inframerah jelmaan Fourier (ATR-FTIR) dan analisis 

spektroskopi menggunakan salunan proton nuklear secara magnetik (1H-NMR) 

berdasarkan campuran binari pada nisbah 3:7 dan 7:3. Berdasarkan pemerhatian, interaksi 

molekular lebih terbukti pada nisbah 7:3 bagi cecair campuran MTBE-metanol dan 

MTBE-NMA. Walau bagaimanapun interaksi molekular bagi MTBE-DIPE tidak 

menunjukkan perubahan pada kedua-dua nisbah. Ini menunjukkan kekuatan interaksi 

inter-molekul bagi MTBE dan DIPE tidak bergantung kepada kuantiti komponen DIPE 

dalam campuran cecair binari tersebut. 
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ABSTRACT 

Thermophysical properties of hydrocarbon mixtures play a vital role in process industries 

such as distillation, extraction operations, material and energy balance as well as solving 

problems in heat transfer, mass transfer, and fluid flow. Studies on thermophysical 

properties such as density and viscosity of liquid mixtures within a wide range of 

composition and temperatures are valuable sources of information for examining the 

relationship between the internal structure of the system and its physical properties. In 

this work density and viscosity of methyl tert-butyl ether (MTBE) with methanol, 

diisopropyl ether (DIPE) and N-methylaniline (NMA) binary liquid mixtures have been 

measured by using DMA 4500 M density meter and Anton Paar´s Stabinger 

Viscometer™ SVM™ 3000 at temperatures of 35 °C, 40 °C and 45 °C. The densities and 

viscosities of MTBE-methanol and MTBE-NMA binary mixtures show decreasing trends 

with the increase of MTBE composition at all temperature. On the contrary, binary 

mixture of MTBE-DIPE shows an increment in density and viscosity under the same 

condition. In addition, Jouyban-Acree equation has been used to predict density and 

viscosity where low mean absolute error (MAE) of 0.3 % and 2.2 % have been obtained. 

The excess molar volumes and viscosity deviation have been calculated using the density 

and viscosity experimental data and correlated with Redlich-Kister equation where a good 

fitted has been obtained. Sigmoid shapes of excess molar volumes have been obtained for 

all binary mixture. It has been found that in order to obtain a strong combination fuel, 

negative excess molar volumes are preferable. Thus binary mixtures of MTBE-methanol 

and MTBE-NMA must be mixed at high mole fraction of MTBE. However low mole 

fraction of MTBE must be used in the case of MTBE-DIPE binary mixture. The viscosity 

deviations of all binary mixtures are negative and were observed to decrease with an 

increase of temperatures. This indicates the strength of chemical or specific interaction 

for binary mixtures such as hydrogen binding between dissimilar molecules. Further 

investigation of molecular interaction has been performed using Attenuated Total 

Reflectance-Fourier Transform Infrared (ATR-FTIR) and Proton Nuclear Magnetic 

Resonance (1H-NMR) spectroscopy analysis using ratios 3:7 and 7:3 of binary mixture. 

It has been observed that intermolecular interaction is more evident for ratio 7:3 for 

MTBE-methanol and MTBE-NMA. However, the variation in percentage composition of 

MTBE with DIPE of the individual components does not seem to affect significantly the 

spectrum of the binary mixture. Hence, this suggests that the intermolecular interaction 

between MTBE and DIPE is less dependent on the amount of DIPE present in the binary 

mixture. 

 

 



v 

TABLE OF CONTENT 

DECLARATION 

TITLE PAGE  

ACKNOWLEDGEMENTS ii 

ABSTRAK iii 

ABSTRACT iv 

TABLE OF CONTENT v 

LIST OF TABLES ix 

LIST OF FIGURES xi 

LIST OF SYMBOLS xiii 

LIST OF ABBREVIATIONS xiv 

CHAPTER 1  INTRODUCTION 1 

1.1     Background of Study 1 

1.2     Problem Statement 5 

1.3 Research Objectives 6 

1.4 Scopes of Study 6 

1.5     Thesis Organization 7 

CHAPTER 2  LITERATURE REVIEW 9 

2.1 Overview 9 

2.2 Oxygenation Additives to Fuel 9 

2.2.1 Methanol 12 

2.2.2 Diisopropyl Ether (DIPE) 12 

2.2.3 N-Methylaniline (NMA) 12 

2.3 Thermophysical Properties 13 



vi 

2.3.1 Density and Viscosity 13 

2.3.2 Excess Thermophysical Properties 14 

2.4 Viscosity Deviation and Molecular Interactions 20 

2.5 Data Correlation 24 

2.5.1 Density Correlation 25 

2.5.2 Viscosity Correlation 25 

2.5.3 Excess Properties Correlation 30 

2.6 Molecular Spectroscopy 30 

2.7 Summary 36 

CHAPTER 3   METHODOLOGY 37 

3.1    Overview 37 

3.2     Materials 37 

3.3 Research Methodology Flow Chart 39 

3.4 Binary Mixture Preparation 40 

3.5 Binary Mixture Calculation 40 

3.6 Binary Mixture Properties Measurement 41 

3.6.1 Density Measurement 41 

3.6.2 Viscosity Measurement 42 

3.7 Experimental Excess Properties Calculation 43 

3.8 Correlation of Nonlinear Models 44 

3.9 Model Prediction Error and Statistical Analysis Using % Mean Absolute     

Error (% MAE) and Correlation Coefficient (R2) 44 



vii 

3.10  Characterisation of Binary Mixtures 45 

3.10.1 Attenuated Total Reflectance - Fourier Transform Infrared 

Spectroscopy (ATR-FTIR) 45 

3.10.2 Proton Nuclear Magnetic Resonance Spectroscopy (1H-NMR) 46 

CHAPTER 4   RESULTS AND DISCUSSION 47 

4.1 Overview 47 

4.2 Comparison of Density and Viscosity of Pure Chemicals 47 

4.3 Thermophysical Properties of Binary Mixtures 49 

4.3.1 Density 49 

4.3.2 Viscosity 55 

4.4 Excess Properties of Binary Mixtures 64 

4.4.1 Excess Molar Volume 64 

4.4.2 Correlation of Excess Molar Volume 66 

4.4.3 Viscosity Deviation 72 

4.5 Molecular Spectroscopy Characterization 80 

4.5.1  Fourier Transforms Infrared Spectroscopy (ATR-FTIR) 80 

4.5.2 Proton Nuclear Magnetic Resonance Spectroscopy (1H-NMR) 89 

CHAPTER 5   CONCLUSIONS 95 

5.1 Introduction 95 

5.2 Recommendations 97 

REFERENCES 99 

APPENDIX A 107 



viii 

APPENDIX B 109 

APPENDIX C 110 

APPENDIX D 112 

  



ix 

LIST OF TABLES 

 

Table 2.1  Factors contributing to the sign of excess molar volume 20 

Table 2.2  Factors contributing to the sign of viscosity deviation 22 

Table 2.3  Fitting parameters with APD for binary mixtures at various 

temperatures 23 

Table 2.4  Review of previous work on binary/ternary liquid mixture systems 33 

Table 3.1 Review of properties and purity of the chemicals 38 

Table 3.2 Equations used  for viscosity and excess volume in the binary 

mixtures 43 

Table 3.3 Equations of models used density, viscosity predictions, and excess 

properties 44 

Table 4.1 Comparison of experimental and literature values of density and 

viscosity of the pure chemicals 48 

Table 4.2 Density of MTBE-methanol binary mixtures at temperatures of 35 

°C, 40 °C and 45 °C 50 

Table 4.3 Density of MTBE-DIPE binary mixtures at temperatures of 35 °C, 

40 °C and 45 °C 51 

Table 4.4 Density of MTBE-NMA binary mixtures at temperatures of 35 °C, 

40 °C and 45 °C 52 

Table 4.5 Coefficients, standard deviations, % MAE, and R2 of Jouyban-

Acree model obtained for density correlation of the binary mixtures 

at temperatures of 35 °C, 40 °C and  45 °C. 53 

Table 4.6 Viscosity of MTBE-methanol binary mixtures at temperatures of 35 

°C, 40 °C and  45 °C 55 

Table 4.7 Viscosity of MTBE-DIPE binary mixtures at temperatures of 35°C, 

40 °C and 45 °C 56 

Table 4.8 Viscosity of MTBE-NMA binary mixtures at temperatures of 35°C, 

40 °C and 45 °C 57 

Table 4.9 Viscosity coefficients, standard deviations, % MAE, and R2 of 

Ausländer model obtained for viscosity correlation of the binary 

mixtures at temperatures of 35 °C, 40 °C, and 45 °C 59 

Table 4.10 Coefficients, standard deviations, % MAE, and R2 of Jouyban-

Acree model obtained for viscosity correlation of the binary 

mixtures at temperatures of 35 °C, 40 °C, and 45 °C. 61 

Table 4.11 Excess molar volume of MTBE-methanol binary mixtures at 

temperatures of 35 °C, 40 °C and 45 °C 65 

Table 4.12 Excess molar volume of MTBE-DIPE binary mixtures at 

temperatures of 35 °C, 40 °C and 45 °C 65 

Table 4.13 Excess molar volume of MTBE-NMA binary mixtures at 

temperatures of 35 °C, 40 °C and 45 °C 66 



x 

Table 4.14 Model parameters of Redlich-Kister model for excess molar   

volume of MTBE- methanol, DIPE and NMA binary mixtures 67 

Table 4.15 Viscosity deviations of MTBE-methanol binary mixtures at 

temperatures of 35 °C, 40 °C and 45 °C 72 

Table 4.16 Viscosity deviations of MTBE-DIPE binary mixtures at 

temperatures of 35 °C, 40 °C and 45 °C 73 

Table 4.17 Viscosity deviations of MTBE-NMA binary mixtures at 

temperatures of 35 °C, 40 °C and 45 °C 73 

Table 4.18 Model parameters of Redlich-Kister model for viscosity deviation  

of MTBE- methanol, DIPE and NMA binary mixtures 74 

Table 4.19 Summary of ATR-FTIR functional groups of MTBE, methanol, 

DIPE, and NMA with their functional group representations 83 

Table 4.20 Summary of ATR-FTIR functional groups of MTBE - methanol 

binary mixture 85 

Table 4.21 Summary of ATR-FTIR functional groups of MTBE - DIPE binary 

mixture 86 

Table 4.22 Summary of ATR-FTIR functional groups of MTBE - NMA binary 

mixture 88 

 

  



xi 

LIST OF FIGURES 

 

Figure 1.1 Growth of global methanol demand 2 

Figure 2.1 Eyring’s model of liquid viscosity (a) Molecular layers  (b) 

Molecular movement after overcoming  the energy barriers 27 

Figure 2.2 Three–body binary system interaction model (a) 1-1-1 (b) 1-2-1     

(c, d) 1-1-2  (e, f) 2-1-2  (g) 1-2-2 (h) 2-2-2 28 

Figure 3.1 Research methodology flow chart 39 

Figure 3.2 DMA 4500 M Density Meter for the Petroleum Industry 42 

Figure 3.3 Anton Paar´s Stabinger Viscometer™ SVM™ 3000 43 

Figure 3.4 Thermo Scientific Nicolet iS50 FTIR Spectrometer 45 

Figure 3.5 Bruker 500 Ultrashield Plus Spectrometer 46 

Figure 4.1 Density profiles for binary mixtures of MTBE-methanol at 

temperatures of 35 °C, 40 °C and 45°C 50 

Figure 4.2 Density profiles for binary mixtures of MTBE-DIPE at  

temperatures of 35 °C, 40 °C and 45 °C 51 

Figure 4.3 Density profiles for binary mixtures of MTBE-NMA at    

temperatures of 35 °C, 40 °C and 45 °C 52 

Figure 4.4 % MAE of Jouyban Acree model for density prediction at 

temperatures of 35 °C, 40 °C and 45 °C for MTBE binary    

mixtures with methanol, DIPE and NMA 54 

Figure 4.5 Viscosity profiles for binary mixtures of MTBE-methanol at 

temperatures of 35 °C, 40°C and 45 °C 56 

Figure 4.6 Viscosity profiles for binary mixtures of MTBE-DIPE at 

temperatures of 35 °C, 40°C and 45 °C 57 

Figure 4.7 Viscosity profiles for binary mixtures of MTBE-NMA at 

temperatures of 35 °C, 40 °C and 45 °C 58 

Figure 4.8 MAE of Ausländer model for viscosity prediction at temperatures  

of 35 °C, 40 °C and 45 °C for MTBE binary mixtures with 

methanol, DIPE and NMA 60 

Figure 4.9 MAE of Jouyban-Acree for viscosity prediction at temperatures       

of 35 °C, 40 °C and 45 °C for MTBE binary mixtures with 

methanol, DIPE and NMA 62 

Figure 4.10 Precision of the viscosity predictive models for MTBE-methanol 

binary mixtures at temperatures of 35 °C, 40 °C and 45 °C 63 

Figure 4.11 Precision of the viscosity predictive models for MTBE-DIPE   

binary mixtures at temperatures of 35 °C, 40 °C and 45 °C 63 

Figure 4.12 Precision of the viscosity predictive models for MTBE-NMA  

binary mixtures at temperatures of 35 °C, 40 °C and 45 °C 64 



xii 

Figure 4.13 Excess molar volume of MTBE-methanol binary mixtures at 

temperatures of 35 °C, 40 °C, 45 °C 69 

Figure 4.14 Excess molar volume of MTBE-DIPE binary mixtures at 

temperatures of 35 °C, 40 °C, 45 °C 70 

Figure 4.15 Excess molar volume of MTBE-NMA binary mixtures at 

temperatures of 35 °C, 40 °C and 45 °C 71 

Figure 4.16 Profiles of viscosity deviation of MTBE-methanol binary mixtures 

at temperatures of 35 °C, 40 °C and 45 °C 76 

Figure 4.17 Profiles of viscosity deviation of MTBE-DIPE binary mixtures at 

temperatures of 35 °C, 40 °C and 45 °C 77 

Figure 4.18 Profiles of viscosity deviation of MTBE-NMA binary mixtures at 

temperatures of 35 °C, 40 °C and 45 °C 78 

Figure 4.19 Accuracy of Redlich-Kister model applied to calculate excess   

molar volume and viscosity deviation for binary mixture MTBE 

with methanol, DIPE, and NMA at temperatures of 35 °C, 40 °C  

and 45 °C. 79 

Figure 4.20 ATR-FTIR spectra of MTBE, methanol, DIPE and NMA pure 

components 82 

Figure 4.21 Functional groups stretching frequency and comparison between   

the ATR-FTIR spectrum for MTBE - methanol in the ratio 3:7     

and 7:3 84 

Figure 4.22 Functional groups stretching frequency and comparison between   

the ATR-FTIR spectrum for MTBE-DIPE in the ratio 3:7 and 7:3 86 

Figure 4.23     Functional groups stretching frequency and comparison between   

the ATR-FTIR spectrum for MTBE-NMA in the ratio 3:7 and 7:3 88 

Figure 4.24 1H-NMR spectra of MTBE- methanol and their binary mixture at 

different percent composition. 90 

Figure 4.25  1H-NMR spectra of MTBE, DIPE, and their binary mixture at 

different percent composition 92 

Figure 4.26 1H-NMR spectra of MTBE, NMA, and their binary mixture at 

different percent compound 94 

 



xiii 

LIST OF SYMBOLS 

 

-  Subtract  

%  Percentage  

+  Add  

<  Less than  

=  Equals  

>  Greater than  

≤  Less than or equal to  

≥  More than or equal to  

°C  Degree Celsius  

s  second  

cm  Centimetre  

cm-1  Reciprocal centimetre  

ml  Millilitre  

g  Gram  

g/cm3  Gram per cubic centimetre  

g/mol  Gram per mol  

m2/s  Square metre per second  

mPa.s  Megapascal second  

cm3/mol  Cubic centimetre per mol  

×  Multiple  

𝜎  Standard deviation  

𝜌  Density  

𝜂  Dynamic viscosity  

𝜈  Kinematic viscosity  

V  Molar volume  

M  Molecular mass  

VE  Excess molar volume  

Δ𝜂  Viscosity deviation  

Δ𝐺∗  Gibbs free energy of activation  

R2 Correlation coefficient 

x1          mole fraction of MTBE 



xiv 

LIST OF ABBREVIATIONS 

 

APD Average Percentage Deviations 

API American Petroleum Institute  

ASTM American Society for Testing and Materials 

ATR-FTIR  Attenuated Total Reflectance-Fourier Transform Infrared  

CAA Clean Air Act Amendments 

DEE 2-(2- ethoxy-ethoxy) ethanol 

DIPE Diisopropyl ether  

EE Ethoxyethanol 

ETBE Ethyl tert-butyl ether 

ICE Internal Combustion Engine 

IPE Isopropyl ether  

MMA Monomethylaniline 

MTBE  Methyl-tert butyl ether  

NMA N-Methylaniline 

RFG Reformulated Gasoline 

TAME Tert-amyl methyl ether 

TEE 2-[2-(2-ethoxyethoxy) ethoxy] ethanol 

[EMIM][ES] 1-Ethyl-3-methylimidazolium 

% MAE Percentage of mean absolute error 

1H-NMR  Proton Nuclear Magnetic Resonance  
 



99 

REFERENCES 

Akindoyo, John O, Beg, M. D. H., Ghazali, S. B., Islam, M. R., & Mamun, A. Al. (2015). 

Preparation and characterization of poly (lactic acid)-based composites reinforced 

with poly dimethyl siloxane/ultrasound-treated oil palm empty fruit bunch. Polymer-

Plastics Technology and Engineering, 54(13), 1321–1333. 

Akindoyo, John Olabode, Beg, M. D. H., Ghazali, S., & Islam, M. R. (2015). Effects of 

poly (dimethyl siloxane) on the water absorption and natural degradation of poly 

(lactic acid)/oil‐ palm empty‐ fruit‐ bunch fiber biocomposites. Journal of Applied 

Polymer Science, 132(45). 

Al-Dulaimy, Z. A. H., Al-Heetimi, D. T. A., Khalaf, H. S., & Abbas, A. M. (2018). Excess 

Molar Quantities of Binary Mixture of Dipropyl Amine with Aliphatic Alcohols at 

298.15 K. Oriental Journal of Chemistry, 34(4), 2074–2082. 

Al-Himyari, B. A., Yasin, A., & Gitano, H. (2014). Review of air fuel ratio prediction 

and control methods. Asian Journal of Applied Sciences, 2(04), 471–478. 

Alfredo Amigo, Ramon Bravo,  and M. P. (1993). Excess Volumes of Binary Mixtures 

Containing Cyclic Ethers Alkanols at 298.15 K. Engineering, 38, 141–142. 

Alonso, I., Mozo, I., de la Fuente, I. G., González, J. A., & Cobos, J. C. (2010). 

Thermodynamics of ketone+ amine mixtures. Part III. Volumetric and speed of 

sound data at (293.15, 298.15, and 303.15) K for 2-butanone+ aniline,+ N-

methylaniline, or+ pyridine systems. Journal of Chemical & Engineering Data, 

55(12), 5400–5405. 

Anderson, T. F., Abrams, D. S., & Grens, E. A. (1978). Evaluation of parameters for 

nonlinear thermodynamic models. AIChE Journal, 24(1), 20–29. 

https://doi.org/10.1002/aic.690240103 

Arteconi, A., Mazzarini, A., & Di Nicola, G. (2011). Emissions from ethers and organic 

carbonate fuel additives: a review. Water, Air, & Soil Pollution, 221(1–4), 405. 

Aurangzeb Afzal, D., Fatima, S., & Ahmed, A. M. (n.d.). Methanol Poisoning. 

Auslander, J., & Seibert, P. (1964). Prolongations and stability in dynamical systems. 

Ann. Inst. Fourier (Grenoble), 14(fasc. 2), 237–267. 

Aworanti, O. A., Agarry, S. E., & Ajani, A. O. (2012). A laboratory study of the effect of 

temperature on densities and viscosities of binary and ternary blends of soybean oil, 

soy biodiesel and petroleum diesel oil. Advances in Chemical Engineering and 

Science, 2(04), 444. 

Beebi, S. K., Nayeem, S. K. M., Satyanarayana, G. R., Venkateshwara Rao, A., & Bala, 

D. (2016). Viscometric Study of Molecular Interactions in Dimethyl Carbonate+ n-

Alkoxyethanol Mixtures at Different Temperatures. J Thermodyn Catal, 7(177), 2. 

Belpoggi, F., Soffritti, M., Minardi, F., Bua, L., Cattin, E., & Maltoni, C. (2002). Results 

of Long‐ Term Carcinogenicity Bioassays on Tert‐ Amyl‐ Methyl‐ Ether (TAME) 

and Di‐ Isopropyl‐ Ether (DIPE) in Rats. Annals of the New York Academy of 



100 

Sciences, 982(1), 70–86. 

Bhuiyan, M. M. H., & Uddin, M. H. (2008). Excess molar volumes and excess viscosities 

for mixtures of N, N-dimethylformamide with methanol, ethanol and 2-propanol at 

different temperatures. Journal of Molecular Liquids, 138(1), 139–146. 

Bhujrajh, P., & Deenadayalu, N. (2007). Liquid densities and excess molar volumes for 

binary systems (ionic liquids+ methanol or water) at 298.15, 303.15 and 313.15 K, 

and at atmospheric pressure. Journal of Solution Chemistry, 36(5), 631–642. 

Bird, L. H., & Daly, E. F. (1939). Viscosity in some binary liquid systems. Transactions 

of the Faraday Society, 35, 588–592. 

Blanco, F. J., Rivas, G., & Serrano, L. (1994). A short linear peptide that folds into a 

native stable β-hairpin in aqueous solution. Nature Structural and Molecular 

Biology, 1(9), 584. 

Bretsznajder, S. (1971). Prediction of Transport and Other Physical Properties of Fluids 

(International Series of Monographs in Chemical Engineering) (Vol. 11). Elsevier. 

Budeanu, M. M., Dumitrescu, V., Radu, S., & Camenita, A. (2018). Densities, Viscosities 

and Excess Properties of Binary Mixtures of 2-Methoxy-2-methylpropane with iso-

Propanol. REVISTA DE CHIMIE, 69(6), 1298–1302. 

Budeanu, M. M., Pantea, O., & Dumitrescu, V. (2014). Excess properties of binary 

mixtures of 2-Methoxy-2-methylpropane with ethanol at different temperatures. 

Alcohol, 1, 8. 
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