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ABSTRACT 

 

Recently, research emphasis on Ionic Liquid (IL) characterization, properties, and 

applications are rapidly growing ever since ILs have been accepted as ―green-

chemicals‖ and candidates to replace other non-environmental friendly chemicals 

including solvents and lubricants. The understanding of physical and chemical 

properties of Ionic Liquids is crucial in identifying its potential applications in the 

chemical industry. However, the information of IL transport properties especially 

viscosity has left much to be desired from the academia and chemical industries as 

viscosity of ILs are a relatively new area of study, compared to other IL properties, 

such as density. Previous studies involving IL viscosity estimation are limited and 

based on non-generalized equations that are not applicable for all ILs.  

The objective of this research is to identify the best method to predict or estimate 

viscosity of ILs so that their suitability in various applications can be known without 

much hassle. A research on prediction of viscosity of Ionic Liquids is presented in this 

report. The prediction methods will only require the critical properties and acentric 

factor of the IL as the parameters to estimate its viscosity. A detailed comparison 

between 5 different generalized correlations is performed to identify the best IL 

viscosity prediction method among them. 20 ILs with around 100 data points for each 

method was studied in this project. Generalized equations are identified through 

comprehensive research on available liquid viscosity methods. The database of 

parameters such as experimental viscosity and critical property data of ILs are 

collected from literature/online resources and the calculation of %AAD is done with 

comparison to the experimental data. The accuracies of the different equations 

(%AAAD) are then compared against each other. The method that has been identified 

to be the best prediction method of viscosity of ILs is the Lewis & Squires Method.  
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CHAPTER 1 

INTRODUCTION 

1 INTRODUCTION  

1.1 Background Study 

Ionic liquids (ILs) are typically defined as organic salts that melt at or below 100 ºC. 

Another definition of Ionic Liquids is organic salts which are in liquid form at room 

temperature. ILs results from the combination of several inorganic or organic anions 

and organic cations. Due to the fact that IL have been accepted as ―green chemicals‖, 

a huge interest from the chemical industries have been shown in recent times due to 

its environmental characteristics. ILs are good candidates for replacement of 

traditional solvents as they have been found to have peculiar properties such as high 

conductivity, wide range of density and viscosity values, modifiable purity and 

solubility as well as high thermal and chemical stability. Utilizing ILs is one of the 

goals of green chemistry because they create a cleaner and more sustainable chemistry 

and are receiving growing attention as environmental friendly solvents for various 

synthetic and catalytic processes. 

Based on practical and theoretical point of view, an interesting point about ILs is their 

high viscosity. Viscosity is defined as the internal resistance to flow or a measure of 

fluid friction of a liquid. Two different viscosity coefficients are commonly used, 

namely dynamic viscosity and kinematic viscosity. Dynamic viscosity is defined in 

Pascal-second (pa.s, SI unit) or centipoises (cP, where 1 cP=0.001Pa.s) while 

kinematic viscosity is the dynamic viscosity divided by the density (usually in m2.s-1 

or centistokes). Viscosities ILs are relatively high compared to those of common 

organic solvents. P.Bonhote.(1996) suggests that viscosity of ILs displays a wide 

range from 10 to greater than 10,000cP while A. Riddick (1986) states that viscosities 

of organic solvents typically have room temperature viscosities in the range of 0.2 to 

10cP. Knowing the transport properties of ILs is a prerequisite for many tasks met by 
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chemical engineers and scientists such as chemical separation and replacing organic 

solvents. Moreover, predicting the viscosities of fluids and their mixtures is very 

crucial in the chemical industries as they need to be identified in the design of heat-

transfer equipment, process piping, reactors distillation columns and etc. 

1.2 Problem Statement 

Although much effort has been focused on the wide range of ILs applications, the 

basic understanding of their structure-property relationships is of utmost importance 

but has been neglected since the days of its first discovery in 1914. Understanding of 

the physical properties, such as viscosity is crucial to assess the suitability of ILs for 

specific applications, as well as the design of new ILs. Currently, there are very few 

works that have thoroughly studied the qualitative and quantitative relationships 

between the structures of ILs and their fundamental properties, especially in regard to 

their viscosities. 

The possible number of ILs formed by the already available cation and anion 

combinations is extremely high. Hence, to measure the viscosity of each and every IL 

before its involvement in applications would be impractical. This is due to the fact 

that the process would be time consuming and economically infeasible. It is also 

impossible to synthesize all of the ILs to find a suitable ion combination with the 

desirable viscosity. Thus, the most suitable and effective way of viscosity estimation 

of ILs has to be determined in order to save time and cost. Viscosity estimations 

might not give us the actual viscosity of the Ils with very high accuracy but most 

importantly it will give us an idea of which applications these ILs will be suitable to 

be used in. Therefore, the study of correlations and comparison between different 

viscosity predictions is conducted.  

 

1.3 Objective and Scope of Study 

The objectives of this research are as follows: 

 To review current literature to find the equations that are used to predict 

viscosity of liquids using their critical properties 
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 To compare different prediction methods of viscosity of ILs with the actual 

viscosity and compare their accuracy.  

 To determine the best and most accurate generalized correlation in estimating 

the viscosities of Ionic Liquids. 

 

The scope of study of this research are as follows: 

 Viscosity of 20 ILs will be studied in this project. 

 Prediction of viscosity of ILs will be done using 5 different generalized 

correlations.  

 The temperature range will be from 283.15K to 363.15K 

 Parameters that are involved in the generalized correlations are the acentric 

factors and critical properties of the respective ILs, such as Tc , Tb, Pc, Vc, ω etc. 

 

1.4 The Relevancy of the Project  

This project is geared towards better Ionic Liquid synthesis and applications in the 

chemical industry.  By being able to predict and estimate viscosity of ILs without 

much hassle, the key applications of ILs can be characterized and determined 

promptly. Although the accuracy may not match that of the experimental data, the 

estimation is sufficient in decision making regarding Ionic Liquid applications.  The 

parameters of these generalized correlations that are studied are mainly the acentric 

properties and critical factors of the respective ILs.  These parameters are relatively 

easy to identify compared to the constants used in non-generalized equations. A 

similar study on the density of ILs has been done, but up to date, there is no similar 

study that is done on the viscosity of ILs, therefore this project will greatly benefit the 

IL industry 

 

1.5 Feasibility of the Project within the Scope and Time Frame 

Proper planning and good background research is needed to successfully achieve the 

objectives of this project. There are more than 3000 repetitions of calculation to be 

done for the project, and only with proper scheduling, they can be completed. The 7 
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month time frame is feasible for this project to be completed. Application of Chemical 

Engineering concepts and methods can be applied during the period of project. Work 

ethics and discipline towards the project schedule is needed to ensure that this project 

is a success. 
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CHAPTER 2  

LITERATURE REVIEW 

2 LITERATURE REVIEW 

2.1 Background of Ionic Liquids 

Ionic Liquids (ILs) are a promising set of materials with various and astonishing set of 

properties. According to Wilkes (2002), ILs are molten salts having by definition 

melting points below 100
0
C, evolved from traditional high temperature molten salts. 

The discovery of ILs can be traced back to the early report by Paul Walden of which 

the room temperature IL ethylammonium nitrate ([EtNH3][NO3]; mp 13-14
o
C), was 

formaed by the neutralisation of ethylamine with concentrated nitric acid in 1914 

(Plechkova and Seddon, 2008). Based on the same literature, it is expected that there 

may be more than 10
6
 possible ILs if all currently known ILs cations and anions were 

to be paired, and up to 10
18 

if all ternary systems were to be investigated. Ricichert et 

al. (2006) pointed out that ILs are materials that have been known for over 100 years 

but renewal of interest arose from a new thinking about these low melting salts as 

solvents, especially for VOC (Volatile Organic Compound) replacements. 

According to Welton (1999), there are many physical properties of ILs that make 

them interesting as potential solvents for synthesis. Firstly, they are good solvents for 

a wide range o both inorganic and organic materials, and special combinations of 

reagents can be brought into the same phase. Besides that, they are usually composed 

of poorly coordinating ions, so they can be highly polar yet non-coordinating solvents.  

Moreover, ILs are non-volatile, therefore they can be used in high-vacuum systems 

and eliminate many containment problems and they do not evaporate as well. ILs with 

high viscosity values are useful for applications as lubricants or engineering systems. 

On the other hand, ILs with low viscosity values is generally desired in order to use 

them as solvents as they would require less pumping costs and increase mass transfer 

rates.  
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The viscosity of ILs is relatively high compared to conventional solvents, one to three 

times of magnitude higher. It has been reported for a variety of ILs to range from 66 

to 1110cP at 20-25
0
C.  

 

2.2 Studies on Viscosity of ILs 

The development of prediction methods for viscosities of ILs have been carried out 

but not in detail. In fact, studies on how the structure of the ions in the IL influences 

their physical properties such as viscosity and density are rare. Few works have 

methodically studied the qualitative and quantitative relationships between the 

structures of ILs. Currently, data and information for many physic-chemical 

properties of ILs are lacking or still unreliable because its application is relatively new 

compared to other chemicals in the industry.  

An interesting study has been published by Hunt’s publication on the viscosity study 

of 1-Butyl-2,3-dimethyl-imidazolium-based ILs. Substitution for a methyl group at 

the 2-position of the imidazolium cation was made to form 1-butyl-2,3-dimethyl-

imidazolium ([BDMIM]
+
). This removes the main hydrogen-bonding interaction 

between the chloride anion and the imidazolium. This loss of hydrogen bonding was 

expected to reduce the viscosity of the IL but instead, the opposite is observed 

experimentally as the viscosity has increased.  

To give explanation why does a reduction in hydrogen bonding lead to an increase in 

viscosity of ILs, they performed another study using quantum-chemical methods. The 

structure of hydrogen bonding of ion pairs of ([BDMIM]
+
) were compared with those 

of unsubstituted analogue [BMIM][Cl]. It was explained that the effects due to a loss 

in hydrogen bonding are outweighed by the loss in entropy. However, this finding is 

only limited to certain ILs only. This probes further studies on the viscosity of ILs as 

it interests many researchers and analysts. 

Several approaches to estimate and predict physical properties of ILs are known in the 

literature. Many prediction and estimation methods for properties of pure components 

and mixtures can be found in current literature, such as journals that has compared 

correlations between different density prediction methods. However, at the moment 
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there is no literature comparing different correlations in IL viscosity prediction, which 

is equally important to the density prediction correlations.  

2.3 Current IL Viscosity Prediction Methods 

In the current chemical engineering industry, the most widely used and commonly 

accepted viscosity estimation methods for complex molecules are usually based on 

group contributions for example the Orrick-Erbar method (1974), 

                                                        𝑙𝑛
𝜇

𝜌𝑀
= 𝐴 + 𝐵 𝑇                                                        (1)

                  

and the Sastry-Rao method(1992),  

𝜇 = 𝜇𝐵𝑃𝑣𝑝
−𝑁      （2）. 

The UNIFAC-VISCO (1994) method is predictive but it is limited to the types of ILs 

which it can be applied. The corresponding states concept such as Przezdziecki and 

Sridhar (1985), Chatterjee and Vasant (1982), Teja and Rice (1981) are also effective 

prediction methods of liquids but they require values of parameters(constants) that are 

not available for ILs yet. The group-contribution (CSGC) method by Yinghua et 

al(2002) based on temperature difference is also an informative literature. Group 

contribution methods for viscosity of ILs usually utilizes some variation of 

temperature dependence stated by de Guzman, and are known as the Andrade 

equation.  

Although the Arrhenious equation, 

𝜇 =  𝜇0 exp  
𝐸

𝑅𝑇
     （3） 

is usually accurate in predicting viscosity of liquids, but it is not the case for Ionic 

Liquids. Therefore, Ghatee et al. (2010) proposed two extensions of the Arrhenius 

equation namely the Litovitz equation, 

𝜇 = 𝜇0𝑒𝑥𝑝  
𝐵

𝑇3     （4） 

and the Vogel-Fulcher-Tammann(VFT) equation, 
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𝜇 = 𝜇0𝑒𝑥𝑝  
𝐾

𝑇−𝑇0
 ,    （5） 

Ghatee et al correlation study was based mainly on the change in viscosity of ILs 

based on two parameters, namely temperature and surface tension. The correlations 

have been used to proof that a viscous flow is influenced by the nature of the inter-

molecular and inter-ionic interactions and also by the structural packing 

characteristics of the ILs. Although the Litovitz fits viscosity values of some of the 

ILs with high accuracy, it does not contain parameters that hold on to certain physical 

meaning. Besides that, VFT does fit the viscosity of the ILs but only with parameters 

related to the dynamics of glass-forming processes. 

Gardas et al. (2007) demonstrated recently the benefits of the group additivity method. 

However these methods have disadvantage of high computational works in case of 

molecular dynamics and a limitation in the application of ions that are absent in their 

data set in the case of common qualitative structure property relationships. Coutinho 

et al also proposed a method to find viscosity of certain ILs covering range of 293K 

and 393K and viscosity values of 4 to 21,000cP. The variables considered were 

molecular weight and temperature.  

A study on viscosity of ILs using the Artificial Neural Network (ANN) modeling has 

been conducted (Rooney, 2010). In this work, the ability of ANN for modeling and 

prediction of viscosity prediction on ILs mixture has been investigated. Results 

showed a good agreement between experimental data and the predicted by ANN. It is 

recommended that the ANN approach could be applied in ILs fields for reduction in 

error, computational time and cost of overproduction and underproduction. However, 

the ANN does not rely upon theoretical relations.  
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CHAPTER 3  

METHODOLOGY 

3 METHODOLOGY 

3.1 Research Methodology  

The methodology for conducting this research project is mainly research and 

calculation. As this project is mainly a quantitative research, the results obtained from 

this research can be used to compare with other literature results. Besides, the results 

obtained from this research can be viewed as a summary of the correlations of present 

literature review regarding the prediction of viscosities of ILs. The results can hence 

further enhance the research and understanding of the transport properties of ILs.  

The project activities in this research are mainly secondary research through journals 

and online references. After through research has been done, vast amount of 

calculations are done to compare the predicted viscosity with the experimental 

viscosity and find the correlations between the different equations. Then, Percentage 

deviations for the calculated viscosities for all ILs in the form of Average Absolute 

Deviation (AAD) are compared among all correlations.   
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3.1.1 Project Activities 

The figure below shows the general procedures that will be implemented in this 

research project. 

 

Figure 3.1: General Procedures Implemented In the Research Project 

The three main procedures are explained in more detail as below:-  

 

3.1.2 Research  

The findings from this research can be summarized as follows: 

 Equations currently used in the market that are specifically designed to 

predict viscosity of ILs. (usually with A and B constants) 

 Generalized correlations used to estimate pure liquid viscosities 

(usually with Critical properties as the main parameters)  

 Databases of the selected ILs include: 

o Experimental data of IL viscosity 

o Accentric factors of the studied ILs 

o Critical properties of the studied ILs 

 

Research

• Research and study present viscosity IL prediction methods 

Calculation

• Calculate and compare prediction values of >30 different ILs with 
the Experimental Value

Conclusion

• Analyze and conclude the best/most practical equation
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3.1.3 Calculation 

The calculation part is done in FYP2, based on the data and information that is found 

from research during FYP1.  

The calculation is conducted on 20 different ILs using 5 different equations, namely 

equation ―A,B,C,D, and E‖. The viscosity of an IL will be calculated using prediction 

equations for various data points at different temperature ranges. The calculated 

viscosity is then compared with the actual experimental viscosity using the %AAD 

(Average Absolute Deviation) method. This is repeated 30 times (for 30 different ILs) 

After the %AAD for a specific IL is done, the %AAAD (Average of Average 

Absolute Deviation) is conducted to determine the average deviation of the particular 

prediction equation. Finally, the %AAD of each prediction equation is compared to 

find the most and least effective/accurate prediction equation.  

 

%AAD (Average Absolute Deviation) is calculated using the following formula: 

∆𝜇 =
100

𝑛
 

 𝜇𝑖 − 𝜇𝑖
𝑒𝑥𝑝  

𝜇𝑖
𝑒𝑥𝑝

𝑛

𝑖
 

whereas %AAAD (Average of Average Absolute Deviation) is calculated using the 

following formula: 

∆𝐴𝐴𝐴𝐷% =
  %𝐴𝐴𝐷𝑖 × 𝑛𝑖 
𝑁
𝑖=1

𝑁
 

  

The planned calculation table is as below: 
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Table 3.1 Calculation Template for Prediction Methods 

Prediction Method (A/B/C/D/E/F/G/H) 

Name 

of IL 

ni Temperature 

Range (K) 

Experimental 

Viscosity (cp) 

Calculated 

Viscosity (cp) 

%AAD 

IL1      

IL2      

IL3      

IL4      

IL5      

IL6      

IL7      

IL8      

IL9      

IL10      

IL11      

IL12      

IL13      

IL14      

IL15      

IL16      

IL17      

IL18      

IL19      

ILN      

Overall N    %AAAD=? 

 

Finally, the results will be compared to find the equation that is the most accurate 

among the 8 different equations. Analysis of the outcome will also be conducted and 

explained in detail. 
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3.2 Key milestones 

Several key milestones for this research project must be achieved in order to meet the 

objective of this project: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Problem Statement and Objective of the project 

Identifying the purpose of this research project 

Literature Review 

Gathering as much information as possible about past studies from 

various sources such as journals and publications 

Data Gathering and Calculation 

The methods that need to be investigated and the equations needed to 

calculate the percentage of deviation has to be identified and 

performed 

Data Analysis and Interpretation 

The findings obtained are analyzed and interpreted critically. 

Comparison with other literature readings will also be done. 

Documentation and Reporting 

The whole research project will be documented and reported 

comprehensively. Recommendations or aspects that can be further 

improved in the future will also be discussed.   

Figure 3.2: Key Milestones 
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3.3 Gantt Chart & Key Milestones 

 

Table 3.2(a): Gantt Chart & Key Milestones for FYP I 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

Suggested milestones ●      Process 
 

 

                                                                               

NO DETAIL                                                              WEEK 1 2 3 4 5 6 7 

M
ID

 S
E

M
 B

R
E

A
K

 

8 9 10 11 12 13 14 

1 Selection of Project Title               

2 Preliminary Research Work and Literature Review               

3 Submission of Extended Proposal       ●         

4 Proposal Defence               

5 Project work continues               

6 Detailed Literature Review               

7 Preparation of Interim Report               

8 Submission of Interim Draft Report             ●  

9 Submission of Interim Final Report              ● 
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Table 3.2(b): Gantt Chart & Key Milestones for FYP II 
 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Suggested milestones ●      Process

NO DETAIL                                                              WEEK 1 2 3 4 5 6 7 

M
ID

 S
E

M
 B

R
E

A
K

 

8 9 10 11 12 13 14 

1 Project Work Continues               

2 Submission of Progress Report       ●        

3 Project Work Continues                

4 Pre-SEDEX          ●     

5 Submission of Draft Report           ●    

6 Submission of Dissertation (soft bound)            ●   

7 Submission of Technical Paper            ●   

8 Oral Presentation             ●  

9 Submission of Project Dissertation (Hard Bound)              ● 
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3.4 Tools 

The main tool that is used in this research project is Microsoft Excel 2010 to perform 

various calculations. Besides, vast journals and publication was obtained from the 

library bank and also the Information Resource Center (IRC) of University Teknologi 

Petronas (UTP). 
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CHAPTER 4 

RESULT & DISCUSSION 

4 RESULT & DISCUSSION 

4.1 Data Gathering 

4.1.1 Identified ILs to Be Studied 

i. [emim][BF4] 

ii. [bmim][BF4] 

iii. [bmim][PF6] 

iv. [emim][PF6] 

v. [dmim][bti] 

vi. [dmim][bf4] 

vii. [C8mim] [BF4] 

viii. [bmim][TFES] 

ix. [emim][TFES] 

x. [nmim][bti] 

xi. [pmim][bti] 

xii. [bmim][Cl] 

xiii. [C12mim][Cl] 

xiv. [dmprim][bti] 

xv. [bmpyr][bti] 

xvi. [deim][bti] 

xvii. [bpy][bti] 

xviii. [bdmim][bti] 

xix. [emim][ESO4] 

xx. [omim][PF6] 
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4.2 Database of Ionic Liquids 

4.2.1 Database of Critical Properties & Acentric Factors of the ILs  

The critical properties and acentric factors are unique for every different IL and the 

viscosity can therefore be predicted using these acentric properties as parameters for 

the generalized equations that will be discussed later in Section 4.3 

The critical properties, the normal boiling temperatures and the acentric factors or ILs 

have been determined using group contributions based on well-known concepts such 

as Lydersen(1996) and of Joback and Reid(1987).  

The tables below show the data of M, Tb(K) , Tc,(K), Pc(bar), Vc(cm
3/

mol),  Zc, and  𝜔 

of the ILs. 

The viscosity data for ILs with respect to temperature can be found in the table below. 

Most of the data were taken from ILThermo, the IUPAC Ionic Liquids Database. 

More detailed data can be found in the APPENDIX section. 
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Table 4.1(a): Critical Properties of ILs                                                              Source: Ind. Eng. Chem. Res., Vol 48, No.14,2009 
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Table 4.1(b): Critical Properties of ILs (cont.)                                                               Source: Ind. Eng. Chem. Res., Vol 48, No.14,2009 
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   Table 4.1(c): Critical Properties of ILs (cont.)                                                           Source: Ind. Eng. Chem. Res., Vol 48, No.14,2009 
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Table 4.1(d): Critical Properties of ILs (cont.)                                                          Source: Ind. Eng. Chem. Res., Vol 48, No.14,20



23 
 

4.2.2 Experimental Data of Viscosity of ILs 

Table 4.2(a):  Viscosity (µ) Data of ILs 

  

Source: J. Phys. Chem. Ref. Data, Vol.35, No. 4, 2006 
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Table 4.2(b): Viscosity (µ) Data of ILs (cont.) 

 

Source: J. Phys. Chem. Ref. Data, Vol.35, No. 4, 2006 
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Table 4.2(c): Viscosity (µ) Data of ILs (cont.) 

 

Source: J. Phys. Chem. Ref. Data, Vol.35, No. 4, 2006 
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4.3 Equations 

4.3.1 Identified Generalized Equations 

4.3.1.1. Dutt’s Development (1990)      (6) 

 𝒍𝒏  
µ

𝝆
 = −𝟑. 𝟎𝟏𝟕 +   𝟒𝟒𝟐. 𝟕𝟖 + 𝟏. 𝟔𝟒𝟓𝟐𝒕𝑩  𝒕 +  𝟐𝟑𝟗 − 𝟎. 𝟏𝟗𝒕𝑩     

Where  µ = viscosity in cP, 

 ρ = density in g/ml, 

 tB = normal boiling temperature in 
o
C 

 

4.3.1.2. Letsou & Stiel Method (1964)     (7) 

   𝝁𝜸 =  𝝁𝜸  𝟎 + 𝝎 𝝁𝜸  𝟏  

  𝝁𝜸  𝟎 = 𝟏𝟎−𝟒 𝟏𝟓𝟏. 𝟕𝟖 − 𝟐𝟏𝟑. 𝟓𝟏𝑻𝑹 + 𝟕𝟓. 𝟎𝟑𝑻𝑹
𝟐  

   𝝁𝜸  𝟏 = 𝟏𝟎−𝟒 𝟒𝟐𝟓. 𝟓𝟗 − 𝟕𝟔𝟕. 𝟓𝟎𝑻𝑹 + 𝟑𝟒𝟎. 𝟎𝟕𝑻𝑹
𝟐  

   𝜸 =
𝑻𝑪

 
𝟏
𝟔
 

𝑴
 
𝟏
𝟐
 
𝑷𝒄

 
𝟐
𝟑
 
  

Where  ω = Accentric Factor of IL 

Tc = Critical Temperature in K, 

TR = Reduced Temperature T/Tc 

 Pc = Critical Pressure in atm 

  M = Molecular weight of IL 
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4.3.1.3. Golubev Approach (1959)     (8) 

   𝝁 = 𝝁𝒄
∗𝑻𝑹

𝟎.𝟗𝟔𝟓
    for TR < 1 

   𝝁 = 𝝁𝒄
∗𝑻𝑹

 𝟎.𝟕𝟏+ 𝟎.𝟐𝟗 𝑻𝑹   
  ,otherwise 

   𝝁𝒄
∗ = 𝟑. 𝟓 𝑴 𝟏 𝟐  𝑷𝒄

 𝟐 𝟑  𝑻𝒄
 𝟏 𝟔    

  Where  TR = Reduced Temperature T/Tc, 

   Tc = Critical Temperature in K 

Pc = Critical Pressure in atm 

   M = Molecular weight of IL 

 

4.3.1.4. Andrade Equation (2011)     (9) 

𝒍𝒏 𝝁 𝑴 𝟏.𝟓 =  −𝟏𝟎. 𝟗𝟕 +   𝟏𝟎𝟑𝟕 𝑻   

  Where  M = Molecular Weight 

   T = Temperature in K 

   

4.1.3.5. Two Fluid Approach of Teja and Rice (1981)  (10) 

  𝒍𝒏 𝝁𝜺 = 𝒍𝒏 𝝁𝜺  𝑹𝟏 +  𝒍𝒏 𝝁𝜺  𝑹𝟐 − 𝒍𝒏 𝝁𝜺  𝑹𝟏  
𝝎−𝝎 𝑹𝟏 

𝝎 𝑹𝟐 −𝝎 𝑹𝟏   

  Where  superscripts (R1) and (R2) refer to two reference fluids, 

   𝜺 =
𝑽𝒄

𝟐/𝟑

 𝑻𝒄𝑴 𝟏/𝟐
 , 

   𝜔 = Acentric Factor 
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4.3.1.6. Lewis and Squires Method (1934)     (11) 

𝝁𝑳
−𝟎.𝟐𝟔𝟔𝟏 = 𝝁𝑲

−𝟎.𝟐𝟔𝟔𝟏 +
𝑻 − 𝑻𝑲
𝟐𝟑𝟑

 

Where µL = Liquid viscosity at T, cP 

   µK = Known value of liquid viscosity at TK, cP 

 

4.3.1.7. Unified equation for the viscosity of pure liquids (2005)  (12) 

𝝁 = 𝟏. 𝟖 
𝑴𝟏 𝟐 

𝑽𝒄𝟐 𝟑 
 𝑻𝟏 𝟐 𝒆𝒙𝒑 𝟐. 𝟑𝟒

𝑻𝒎
𝑻
  

  Where  Mi = atomic mass 

   Vc = Critical molar volume 

   T = Temperature in K 

   M = Molecular Mass 

   Tm = Melting Temperature in K 
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4.3.1.8. Uyehara and Watson (1944)    (13) 

                                         𝝁 = 𝝁𝒄𝝁𝑹 

𝝁𝒄 = 𝟕. 𝟕𝑻𝒄
−𝟏/𝟔𝑴𝟏/𝟐𝑷𝒄

𝟐/𝟑
 

    μR  is determined using Figure 4.1 and Figure 4.2 

  Where Tc = Critical Temperature 

   M = Molecular weight 

   Pc = Critical pressure in atm 

 

 

Source: Uyehara, O.A., Watson, K.M. (1944) 

Figure 4.1: Graph of 𝜇𝑅  against 𝑇𝑅  
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Source: Uyehara, O.A., Watson, K.M. (1944) 

Figure 4.2: Graph of 𝜇𝑅  against 𝑃𝑅  
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4.3.2 Well-known Non-Generalized Equations for predicting IL 

viscosity 

 

4.3.2.1. Orrick–Erbar method (1974)    (14) 

𝒍𝒏
𝝁

𝝆𝑴
= 𝑨 + 

𝑩

𝑻
 

  Where  ρ = the density, 

   M = the molecular weight, 

   T = the temperature in K 

   A and B are Orrick-Erbar constants 

 

4.3.2.2. Ghatee et al Method      (15) 

 
𝟏

𝝁
 
∅

= 𝒂 + 𝒃𝑻 

  Where  ф, a, and b are constants. 

  Ф is usually within the range of 0.1< Ф<0.3 for most ILs 

 

Values of constants A,B, Ф, a and b can be found in literature. 
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4.4 Calculations  

Using a detailed Excel Spreadsheet, detailed calculations are done based on the data 

acquired as mentioned above. As the data calculation is too lengthy and complicated, 

this segment will show only the main calculations for 64 data points. For detailed 

excel spreadsheet calculations, please refer to APPENDIX. 

 

4.4.1 Identified ILs and their Critical Properties. 

 The following table represents the parameters and critical properties of the 20 

Ionic Liquids used: 

Table 4.3: Parameters and Critical Properties of ILs studied 

IL 

Data 

Points M Tc(K) Pc(bar) Pc(atm) Ѡ Vc(cm^3/mol) 

[emim][BF4] 16 198 596.2 23.6 23.91326 0.8087 540.8 

[bmim][BF4] 9 226 643.2 20.4 20.67079 0.8877 655 

[bmim][PF6] 10 284.2 719.4 17.3 17.52964 0.7917 762.5 

[emim][PF6] 3 256.1 508.8 19.5 19.75884 0.7083 648.3 

[dmim][bti] 8 377.3 1239.9 35.8 36.27521 0.1752 818.8 

[dmim][bf4] 1 310 784.6 14.5 14.69247 1.082 997.7 

[C8mim][BF4] 17 282.13 726.1 16 16.21238 0.9954 812.3 

[bmim][TFES] 1 320 1030.5 25.7 26.04114 0.4583 827.8 

[emim][TFES] 1 433 1171 15.6 15.80707 0.8065 713.6 

[nmim][bti] 1 490 1331.2 19.8 20.06282 0.5276 1275.7 

[pmim][bti] 1 433 1281.1 25.6 25.93981 0.3442 1161.5 

[bmim][Cl] 1 174.7 789 27.8 28.16901 0.491 568.8 

[C12mim][Cl] 1 286.9 951.5 16 16.21238 0.821 1025.6 

[dmprim][bti] 16 419 1269.7 27.5 27.86503 0.3226 1023.7 

[bmpyr][bti] 9 422 1209.2 24.8 25.12919 0.3191 1038.8 

[deim][bti] 1 405.34 1254.7 29.9 30.29689 0.2231 950 

[bdmim][bti] 1 433.4 1281.1 25.5 25.83848 0.3669 1045.7 

[emim][ESO4] 1 126.3 1067.5 40.5 41.03759 0.3744 659.8 

[omim][PF6] 1 340.3 810.8 14 14.18583 0.9385 990.9 

[bdmim][PF6] 1 298.2 746.3 16.2 16.41504 0.8526 818 
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4.4.2 Calculations using Excel Spreadsheet 

4.4.2.1 Calculation for Letsou & Stiel Method 

Table 4.4.1 Calculation for Letsou  & Stiel Method 

Letsou & Stiel Method  

IL 
Data  

Points 
Temp.(K) Tc(K) Pc(atm) Ѡ Tr (µγ)0 (µγ)1 µγ γ µ(cP) 

[emim][BF4] 16 

290.00 596.20 23.91 0.81 0.49 0.01 0.01 0.02 0.02 69.65 

295.00 596.20 23.91 0.81 0.49 0.01 0.01 0.02 0.02 68.00 

300.00 596.20 23.91 0.81 0.50 0.01 0.01 0.02 0.02 66.36 

305.00 596.20 23.91 0.81 0.51 0.01 0.01 0.02 0.02 64.74 

310.00 596.20 23.91 0.81 0.52 0.01 0.01 0.02 0.02 63.15 

315.00 596.20 23.91 0.81 0.53 0.01 0.01 0.02 0.02 61.57 

320.00 596.20 23.91 0.81 0.54 0.01 0.01 0.01 0.02 60.01 

325.00 596.20 23.91 0.81 0.55 0.01 0.01 0.01 0.02 58.47 

330.00 596.20 23.91 0.81 0.55 0.01 0.01 0.01 0.02 56.95 

335.00 596.20 23.91 0.81 0.56 0.01 0.01 0.01 0.02 55.46 

340.00 596.20 23.91 0.81 0.57 0.01 0.01 0.01 0.02 53.98 

345.00 596.20 23.91 0.81 0.58 0.01 0.01 0.01 0.02 52.52 

350.00 596.20 23.91 0.81 0.59 0.01 0.01 0.01 0.02 51.08 

355.00 596.20 23.91 0.81 0.60 0.01 0.01 0.01 0.02 49.66 

360.00 596.20 23.91 0.81 0.60 0.01 0.01 0.01 0.02 48.26 

365.00 596.20 23.91 0.81 0.61 0.00 0.01 0.01 0.02 46.88 

[bmim][BF4] 9 

323.15 643.20 20.67 0.89 0.50 0.01 0.01 0.02 0.01 119.71 

333.15 643.20 20.67 0.89 0.52 0.01 0.01 0.02 0.01 114.29 

343.15 643.20 20.67 0.89 0.53 0.01 0.01 0.02 0.01 108.99 

353.15 643.20 20.67 0.89 0.55 0.01 0.01 0.02 0.01 103.82 
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Table 4.4.1 Calculation for Letsou  & Stiel Method (cont.) 

  

363.15 643.20 20.67 0.89 0.56 0.01 0.01 0.01 0.03 55.69 

288.15 643.20 20.67 0.89 0.45 0.01 0.02 0.02 0.03 78.75 

293.15 643.20 20.67 0.89 0.46 0.01 0.01 0.02 0.03 77.09 

296.15 643.20 20.67 0.89 0.46 0.01 0.01 0.02 0.03 76.11 

298.15 643.20 20.67 0.89 0.46 0.01 0.01 0.02 0.03 75.45 

 [bmim][PF6] 10 

288.15 719.40 17.53 0.79 0.40 0.01 0.02 0.02 0.03 74.25 

293.15 719.40 17.53 0.79 0.41 0.01 0.02 0.02 0.03 72.95 

296.15 719.40 17.53 0.79 0.41 0.01 0.02 0.02 0.03 72.17 

298.15 719.40 17.53 0.79 0.41 0.01 0.02 0.02 0.03 71.66 

301.15 719.40 17.53 0.79 0.42 0.01 0.02 0.02 0.03 78.03 

303.15 719.40 17.53 0.79 0.42 0.01 0.02 0.02 0.03 77.46 

305.15 719.40 17.53 0.79 0.42 0.01 0.02 0.02 0.03 76.90 

308.15 719.40 17.53 0.79 0.43 0.01 0.02 0.02 0.03 76.07 

311.15 719.40 17.53 0.79 0.43 0.01 0.02 0.02 0.03 75.24 

313.15 719.40 17.53 0.79 0.44 0.01 0.02 0.02 0.03 74.68 

[emim][PF6] 3 

343.10 508.80 19.76 0.71 0.67 0.00 0.01 0.01 0.02 35.53 

353.10 508.80 19.76 0.71 0.69 0.00 0.01 0.01 0.02 32.90 

363.10 508.80 19.76 0.71 0.71 0.00 0.01 0.01 0.02 30.37 

[dmim][bti] 8 

283.15 1239.90 36.28 0.18 0.23 0.01 0.03 0.02 0.02 9.50 

293.15 1239.90 36.28 1.18 0.24 0.01 0.03 0.04 0.02 257.41 

303.15 1239.90 36.28 2.18 0.24 0.01 0.03 0.07 0.02 413.27 

313.15 1239.90 36.28 3.18 0.25 0.01 0.03 0.09 0.02 563.17 

323.15 1239.90 36.28 4.18 0.26 0.01 0.02 0.11 0.02 739.96 

333.15 1239.90 36.28 5.18 0.27 0.01 0.02 0.14 0.02 884.61 

343.15 1239.90 36.28 6.18 0.28 0.01 0.02 0.16 0.02 1023.28 

353.15 1239.90 36.28 7.18 0.28 0.01 0.02 0.18 0.02 1156.07 

[dmim][bf4] 1 298.15 784.60 14.69 1.08 0.38 0.01 0.02 0.03 0.03 99.38 
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Table 4.4.1 Calculation for Letsou  & Stiel Method (cont.) 

[C8mim] [BF4] 17 

283.15 726.10 16.21 1.00 0.39 0.01 0.02 0.03 0.03 92.28 

288.15 726.10 16.21 1.00 0.40 0.01 0.02 0.03 0.03 90.67 

293.15 726.10 16.21 1.00 0.40 0.01 0.02 0.02 0.03 89.07 

298.15 726.10 16.21 1.00 0.41 0.01 0.02 0.02 0.03 87.48 

303.15 726.10 16.21 1.00 0.42 0.01 0.02 0.02 0.03 85.92 

308.15 726.10 16.21 1.00 0.42 0.01 0.02 0.02 0.03 84.36 

313.15 726.10 16.21 1.00 0.43 0.01 0.02 0.02 0.03 82.82 

318.15 726.10 16.21 1.00 0.44 0.01 0.02 0.02 0.03 81.29 

323.15 726.10 16.21 1.00 0.45 0.01 0.02 0.02 0.03 79.78 

328.15 726.10 16.21 1.00 0.45 0.01 0.01 0.02 0.03 78.28 

333.15 726.10 16.21 1.00 0.46 0.01 0.01 0.02 0.03 76.79 

338.15 726.10 16.21 1.00 0.47 0.01 0.01 0.02 0.03 75.32 

343.15 726.10 16.21 1.00 0.47 0.01 0.01 0.02 0.03 73.87 

348.15 726.10 16.21 1.00 0.48 0.01 0.01 0.02 0.03 72.42 

353.15 726.10 16.21 1.00 0.49 0.01 0.01 0.02 0.03 71.00 

358.15 726.10 16.21 1.00 0.49 0.01 0.01 0.02 0.01 131.12 

363.15 726.10 16.21 1.00 0.50 0.01 0.01 0.02 0.01 12.85 

 

For detailed version of excel spreadsheet calculation, kindly refer to APPENDIX. 
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  4.4.2.2 Calculation for Golubev Method 

Table 4.4.2 Calculation for Golubev Method 

Golubev Approach 

IL Data Points Temperature(K) M Tc(K) Pc(bar) Pc(atm) Tr µ*c µ 

[emim][BF4] 16 

290 198 596.2 23.6 23.91326 0.486414 118.5929 59.16 

295 198 596.2 23.6 23.91326 0.4948 118.5929 60.14 

300 198 596.2 23.6 23.91326 0.503187 118.5929 61.13 

305 198 596.2 23.6 23.91326 0.511573 118.5929 62.11 

310 198 596.2 23.6 23.91326 0.51996 118.5929 63.09 

315 198 596.2 23.6 23.91326 0.528346 118.5929 64.07 

320 198 596.2 23.6 23.91326 0.536733 118.5929 65.05 

325 198 596.2 23.6 23.91326 0.545119 118.5929 66.03 

330 198 596.2 23.6 23.91326 0.553506 118.5929 67.01 

335 198 596.2 23.6 23.91326 0.561892 118.5929 67.99 

340 198 596.2 23.6 23.91326 0.570278 118.5929 68.97 

345 198 596.2 23.6 23.91326 0.578665 118.5929 69.95 

350 198 596.2 23.6 23.91326 0.587051 118.5929 70.93 

355 198 596.2 23.6 23.91326 0.595438 118.5929 71.91 

360 198 596.2 23.6 23.91326 0.603824 118.5929 72.88 

365 198 596.2 23.6 23.91326 0.612211 118.5929 73.86 

[bmim][BF4] 9 

283.15 226 643.2 20.4 20.67079 0.440221 116.4353 52.75 

293.15 226 643.2 20.4 20.67079 0.455768 116.4353 54.55 

303.15 226 643.2 20.4 20.67079 0.471315 116.4353 56.34 

313.15 226 643.2 20.4 20.67079 0.486863 116.4353 58.13 

323.15 226 643.2 20.4 20.67079 0.50241 116.4353 59.92 

333.15 226 643.2 20.4 20.67079 0.517957 116.4353 61.71 

343.15 226 643.2 20.4 20.67079 0.533504 116.4353 63.50 
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Table 4.4.2 Calculation for Golubev Method (cont.) 

  

353.15 226 643.2 20.4 20.67079 0.549052 116.4353 65.28 

363.15 226 643.2 20.4 20.67079 0.564599 116.4353 67.07 

 [bmim][PF6] 10 

288.15 284.2 719.4 17.3 17.52964 0.400542 119.1856 49.29 

293.15 284.2 719.4 17.3 17.52964 0.407492 119.1856 50.12 

296.15 284.2 719.4 17.3 17.52964 0.411662 119.1856 50.61 

298.15 284.2 719.4 17.3 17.52964 0.414443 119.1856 50.94 

301.15 284.2 719.4 17.3 17.52964 0.418613 119.1856 51.44 

303.15 284.2 719.4 17.3 17.52964 0.421393 119.1856 51.77 

305.15 284.2 719.4 17.3 17.52964 0.424173 119.1856 52.10 

308.15 284.2 719.4 17.3 17.52964 0.428343 119.1856 52.59 

311.15 284.2 719.4 17.3 17.52964 0.432513 119.1856 53.08 

313.15 284.2 719.4 17.3 17.52964 0.435293 119.1856 53.41 

[emim][PF6] 3 

343.1 256.1 508.8 19.5 19.75884 0.674332 115.6658 79.08 

353.1 256.1 508.8 19.5 19.75884 0.693986 115.6658 81.30 

363.1 256.1 508.8 19.5 19.75884 0.71364 115.6658 83.52 

[dmim][bti] 8 

283.15 377.3 1239.9 35.8 36.27521 0.228365 244.1832 58.72 

293.15 377.3 1239.9 35.8 36.27521 0.23643 244.1832 60.72 

303.15 377.3 1239.9 35.8 36.27521 0.244496 244.1832 62.72 

313.15 377.3 1239.9 35.8 36.27521 0.252561 244.1832 64.71 

323.15 377.3 1239.9 35.8 36.27521 0.260626 244.1832 66.71 

333.15 377.3 1239.9 35.8 36.27521 0.268691 244.1832 68.70 

343.15 377.3 1239.9 35.8 36.27521 0.276756 244.1832 70.69 

353.15 377.3 1239.9 35.8 36.27521 0.284821 244.1832 72.67 

[dmim][bf4] 1 298.15 310 784.6 14.5 14.69247 0.380003 112.2674 44.13 

[C8mim] [BF4] 17 

283.15 282.13 726.1 16 16.21238 0.38996 112.899 45.50 

288.15 282.13 726.1 16 16.21238 0.396846 112.899 46.28 

293.15 282.13 726.1 16 16.21238 0.403732 112.899 47.05 
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Table 4.4.2 Calculation for Golubev Method (cont.) 

  

298.15 282.13 726.1 16 16.21238 0.410618 112.899 47.83 

303.15 282.13 726.1 16 16.21238 0.417504 112.899 48.60 

308.15 282.13 726.1 16 16.21238 0.424391 112.899 49.37 

313.15 282.13 726.1 16 16.21238 0.431277 112.899 50.15 

318.15 282.13 726.1 16 16.21238 0.438163 112.899 50.92 

323.15 282.13 726.1 16 16.21238 0.445049 112.899 51.69 

328.15 282.13 726.1 16 16.21238 0.451935 112.899 52.46 

333.15 282.13 726.1 16 16.21238 0.458821 112.899 53.23 

338.15 282.13 726.1 16 16.21238 0.465707 112.899 54.00 

343.15 282.13 726.1 16 16.21238 0.472593 112.899 54.77 

348.15 282.13 726.1 16 16.21238 0.479479 112.899 55.54 

353.15 282.13 726.1 16 16.21238 0.486366 112.899 56.31 

358.15 282.13 726.1 16 16.21238 0.493252 112.899 57.08 

363.15 282.13 726.1 16 16.21238 0.500138 112.899 57.85 

 

For detailed version of excel spreadsheet calculation, kindly refer to APPENDIX. 
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4.4.2.3 Calculation for Uyehara and Watson Method 

Table 4.4.3 Calculation for Uyehara and Watson Method 

Uyehara and Watson 

IL Data Points Temperature(K) M Tc(K) Pc(bar) Pc(atm) Pr Tr µC µR µ 

[emim][BF4] 16 

290 198 596.2 23.6 23.91326 0.041818 0.486414 309.9921 0.14 43.40 

295 198 596.2 23.6 23.91326 0.041818 0.4948 309.9921 0.14 43.40 

300 198 596.2 23.6 23.91326 0.041818 0.503187 309.9921 0.14 43.40 

305 198 596.2 23.6 23.91326 0.041818 0.511573 309.9921 0.13 40.30 

310 198 596.2 23.6 23.91326 0.041818 0.51996 309.9921 0.12 37.20 

315 198 596.2 23.6 23.91326 0.041818 0.528346 309.9921 0.12 37.20 

320 198 596.2 23.6 23.91326 0.041818 0.536733 309.9921 0.10 31.00 

325 198 596.2 23.6 23.91326 0.041818 0.545119 309.9921 0.08 24.80 

330 198 596.2 23.6 23.91326 0.041818 0.553506 309.9921 0.08 24.80 

335 198 596.2 23.6 23.91326 0.041818 0.561892 309.9921 0.07 21.70 

340 198 596.2 23.6 23.91326 0.041818 0.570278 309.9921 0.60 186.00 

345 198 596.2 23.6 23.91326 0.041818 0.578665 309.9921 0.05 15.50 

350 198 596.2 23.6 23.91326 0.041818 0.587051 309.9921 0.05 15.50 

355 198 596.2 23.6 23.91326 0.041818 0.595438 309.9921 0.04 12.40 

360 198 596.2 23.6 23.91326 0.041818 0.603824 309.9921 0.03 9.30 

365 198 596.2 23.6 23.91326 0.041818 0.612211 309.9921 0.02 6.20 

[bmim][BF4] 9 

283.15 226 643.2 20.4 20.67079 0.048377 0.440221 296.7508 0.14 41.55 

293.15 226 643.2 20.4 20.67079 0.048377 0.455768 296.7508 0.14 41.55 

303.15 226 643.2 20.4 20.67079 0.048377 0.471315 296.7508 0.14 41.55 

313.15 226 643.2 20.4 20.67079 0.048377 0.486863 296.7508 0.13 38.58 

323.15 226 643.2 20.4 20.67079 0.048377 0.50241 296.7508 0.12 35.61 

333.15 226 643.2 20.4 20.67079 0.048377 0.517957 296.7508 0.12 35.61 

343.15 226 643.2 20.4 20.67079 0.048377 0.533504 296.7508 0.10 29.68 



40 
 

Table 4.4.3 Calculation for Uyehara and Watson Method (cont.) 

  

353.15 226 643.2 20.4 20.67079 0.048377 0.549052 296.7508 0.08 23.74 

363.15 226 643.2 20.4 20.67079 0.048377 0.564599 296.7508 0.07 20.77 

 [bmim][PF6] 10 

288.15 284.2 719.4 17.3 17.52964 0.057046 0.400542 292.6328 0.14 40.97 

293.15 284.2 719.4 17.3 17.52964 0.057046 0.407492 292.6328 0.14 40.97 

296.15 284.2 719.4 17.3 17.52964 0.057046 0.411662 292.6328 0.14 40.97 

298.15 284.2 719.4 17.3 17.52964 0.057046 0.414443 292.6328 0.13 38.04 

301.15 284.2 719.4 17.3 17.52964 0.057046 0.418613 292.6328 0.12 35.12 

303.15 284.2 719.4 17.3 17.52964 0.057046 0.421393 292.6328 0.12 35.12 

305.15 284.2 719.4 17.3 17.52964 0.057046 0.424173 292.6328 0.10 29.26 

308.15 284.2 719.4 17.3 17.52964 0.057046 0.428343 292.6328 0.08 23.41 

311.15 284.2 719.4 17.3 17.52964 0.057046 0.432513 292.6328 0.07 20.48 

313.15 284.2 719.4 17.3 17.52964 0.057046 0.435293 292.6328 0.07 20.48 

[emim][PF6] 3 

343.1 256.1 508.8 19.5 19.75884 0.05061 0.674332 318.7464 0.07 22.31 

353.1 256.1 508.8 19.5 19.75884 0.05061 0.693986 318.7464 0.06 19.12 

363.1 256.1 508.8 19.5 19.75884 0.05061 0.71364 318.7464 0.06 19.12 

[dmim][bti] 8 

283.15 377.3 1239.9 35.8 36.27521 0.027567 0.228365 500.0456 0.13 65.01 

293.15 377.3 1239.9 35.8 36.27521 0.027567 0.23643 500.0456 0.12 60.01 

303.15 377.3 1239.9 35.8 36.27521 0.027567 0.244496 500.0456 0.10 50.00 

313.15 377.3 1239.9 35.8 36.27521 0.027567 0.252561 500.0456 0.08 40.00 

323.15 377.3 1239.9 35.8 36.27521 0.027567 0.260626 500.0456 0.07 35.00 

333.15 377.3 1239.9 35.8 36.27521 0.027567 0.268691 500.0456 0.07 35.00 

343.15 377.3 1239.9 35.8 36.27521 0.027567 0.276756 500.0456 0.07 35.00 

353.15 377.3 1239.9 35.8 36.27521 0.027567 0.284821 500.0456 0.06 30.00 

[dmim][bf4] 1 298.15 310 784.6 14.5 14.69247 0.068062 0.380003 267.7894 0.06 16.07 

[C8mim] [BF4] 17 

283.15 282.13 726.1 16 16.21238 0.061681 0.38996 276.3422 0.13 35.92 

288.15 282.13 726.1 16 16.21238 0.061681 0.396846 276.3422 0.12 33.16 

293.15 282.13 726.1 16 16.21238 0.061681 0.403732 276.3422 0.12 33.16 
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Table 4.4.3 Calculation for Uyehara and Watson Method (cont.) 

  

298.15 282.13 726.1 16 16.21238 0.061681 0.410618 276.3422 0.10 27.63 

303.15 282.13 726.1 16 16.21238 0.061681 0.417504 276.3422 0.08 22.11 

308.15 282.13 726.1 16 16.21238 0.061681 0.424391 276.3422 0.07 19.34 

313.15 282.13 726.1 16 16.21238 0.061681 0.431277 276.3422 0.07 19.34 

318.15 282.13 726.1 16 16.21238 0.061681 0.438163 276.3422 0.07 19.34 

323.15 282.13 726.1 16 16.21238 0.061681 0.445049 276.3422 0.06 16.58 

328.15 282.13 726.1 16 16.21238 0.061681 0.451935 276.3422 0.06 16.58 

333.15 282.13 726.1 16 16.21238 0.061681 0.458821 276.3422 0.13 35.92 

338.15 282.13 726.1 16 16.21238 0.061681 0.465707 276.3422 0.12 33.16 

343.15 282.13 726.1 16 16.21238 0.061681 0.472593 276.3422 0.10 27.63 

348.15 282.13 726.1 16 16.21238 0.061681 0.479479 276.3422 0.08 22.11 

353.15 282.13 726.1 16 16.21238 0.061681 0.486366 276.3422 0.07 19.34 

358.15 282.13 726.1 16 16.21238 0.061681 0.493252 276.3422 0.07 19.34 

363.15 282.13 726.1 16 16.21238 0.061681 0.500138 276.3422 0.07 19.34 

 

For detailed version of excel spreadsheet calculation, kindly refer to APPENDIX. 
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 4.4.2.4 Calculation for Lewis & Squires Method 

Table 4.4.4 Calculation for Lewis & Squires Method 

Lewis & Squires 

IL Known Viscosity at T(K) Data Points Temperature(K) M Tc(K) Pc(bar) Pc(atm) µL^-0.2661 µ 

[emim][BF4] Vk at 290k=46cP 16 

290 198 596.2 23.6 23.91326 0.361027 52.74 

295 198 596.2 23.6 23.91326 0.382487 48.00 

300 198 596.2 23.6 23.91326 0.403946 43.90 

305 198 596.2 23.6 23.91326 0.425405 40.35 

310 198 596.2 23.6 23.91326 0.446864 37.23 

315 198 596.2 23.6 23.91326 0.468324 34.49 

320 198 596.2 23.6 23.91326 0.489783 32.06 

325 198 596.2 23.6 23.91326 0.511242 29.89 

330 198 596.2 23.6 23.91326 0.532701 27.95 

335 198 596.2 23.6 23.91326 0.55416 26.21 

340 198 596.2 23.6 23.91326 0.57562 24.63 

345 198 596.2 23.6 23.91326 0.597079 23.20 

350 198 596.2 23.6 23.91326 0.618538 21.90 

355 198 596.2 23.6 23.91326 0.639997 20.72 

360 198 596.2 23.6 23.91326 0.661457 19.63 

365 198 596.2 23.6 23.91326 0.682916 18.63 

[bmim][BF4] Vk at 283.15k=277cP 9 

283.15 226 643.2 20.4 20.67079 0.223901 115.02 

293.15 226 643.2 20.4 20.67079 0.26682 86.39 

303.15 226 643.2 20.4 20.67079 0.309738 67.72 

313.15 226 643.2 20.4 20.67079 0.352656 54.80 

323.15 226 643.2 20.4 20.67079 0.395575 45.43 

333.15 226 643.2 20.4 20.67079 0.438493 38.40 

343.15 226 643.2 20.4 20.67079 0.481412 32.97 
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Table 4.4.4 Calculation for Lewis & Squires Method (cont.) 

   

353.15 226 643.2 20.4 20.67079 0.52433 28.68 

363.15 226 643.2 20.4 20.67079 0.567249 25.23 

 [bmim][PF6] Vk at 288.15k=400.2cP 10 

288.15 284.2 719.4 17.3 17.52964 0.203018 134.94 

293.15 284.2 719.4 17.3 17.52964 0.224477 114.53 

296.15 284.2 719.4 17.3 17.52964 0.237353 104.57 

298.15 284.2 719.4 17.3 17.52964 0.245936 98.68 

301.15 284.2 719.4 17.3 17.52964 0.258812 90.79 

303.15 284.2 719.4 17.3 17.52964 0.267395 86.08 

305.15 284.2 719.4 17.3 17.52964 0.275979 81.76 

308.15 284.2 719.4 17.3 17.52964 0.288855 75.89 

311.15 284.2 719.4 17.3 17.52964 0.30173 70.68 

313.15 284.2 719.4 17.3 17.52964 0.310314 67.52 

[emim][PF6] Vk at 343.1k=23.4cP 3 

343.1 256.1 508.8 19.5 19.75884 0.432167 39.32 

353.1 256.1 508.8 19.5 19.75884 0.475086 33.69 

363.1 256.1 508.8 19.5 19.75884 0.518004 29.26 

[dmim][bti] Vk at 283k=77.06cP 8 

283.15 377.3 1239.9 35.8 36.27521 0.315357 65.76 

293.15 377.3 1239.9 35.8 36.27521 0.358275 53.40 

303.15 377.3 1239.9 35.8 36.27521 0.401194 44.40 

313.15 377.3 1239.9 35.8 36.27521 0.444112 37.61 

323.15 377.3 1239.9 35.8 36.27521 0.487031 32.35 

333.15 377.3 1239.9 35.8 36.27521 0.529949 28.19 

343.15 377.3 1239.9 35.8 36.27521 0.572868 24.82 

353.15 377.3 1239.9 35.8 36.27521 0.615786 22.06 

[C8mim] [BF4] Vk at 283.15k = 1036.98cP 17 

283.15 282.13 726.1 16 16.21238 0.157581 204.05 

288.15 282.13 726.1 16 16.21238 0.17904 165.67 

293.15 282.13 726.1 16 16.21238 0.200499 137.72 

298.15 282.13 726.1 16 16.21238 0.221959 116.66 
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Table 4.4.4 Calculation for Lewis & Squires Method (cont.) 

   

303.15 282.13 726.1 16 16.21238 0.243418 100.35 

308.15 282.13 726.1 16 16.21238 0.264877 87.42 

313.15 282.13 726.1 16 16.21238 0.286336 76.99 

318.15 282.13 726.1 16 16.21238 0.307795 68.42 

323.15 282.13 726.1 16 16.21238 0.329255 61.29 

328.15 282.13 726.1 16 16.21238 0.350714 55.29 

333.15 282.13 726.1 16 16.21238 0.372173 50.19 

338.15 282.13 726.1 16 16.21238 0.393632 45.80 

343.15 282.13 726.1 16 16.21238 0.415092 42.00 

348.15 282.13 726.1 16 16.21238 0.436551 38.68 

353.15 282.13 726.1 16 16.21238 0.45801 35.77 

358.15 282.13 726.1 16 16.21238 0.479469 33.19 

363.15 282.13 726.1 16 16.21238 0.500929 30.90 

 

For detailed version of excel spreadsheet calculation, kindly refer to APPENDIX. 
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4.4.2.5 Calculation for Unified Equation for the Viscosity of Pure Liquids 

Table 4.4.5 Calculation for Unified Equation for the Viscosity of Pure Liquids 

Unified Equation for the Viscosity of Pure Liquids 

IL Data Points Temperature(K) M Vc Tm Tc(K) Pc(bar) Pc(atm) Ѡ Tr µ 

[emim][BF4] 16 

290 198 540.8 240 596.2 23.6 23.91326 0.8087 0.486414 44.13 

295 198 540.8 240 596.2 23.6 23.91326 0.8087 0.4948 43.07 

300 198 540.8 240 596.2 23.6 23.91326 0.8087 0.503187 42.08 

305 198 540.8 240 596.2 23.6 23.91326 0.8087 0.511573 41.14 

310 198 540.8 240 596.2 23.6 23.91326 0.8087 0.51996 40.26 

315 198 540.8 240 596.2 23.6 23.91326 0.8087 0.528346 39.44 

320 198 540.8 240 596.2 23.6 23.91326 0.8087 0.536733 38.66 

325 198 540.8 240 596.2 23.6 23.91326 0.8087 0.545119 37.92 

330 198 540.8 240 596.2 23.6 23.91326 0.8087 0.553506 37.22 

335 198 540.8 240 596.2 23.6 23.91326 0.8087 0.561892 36.56 

340 198 540.8 240 596.2 23.6 23.91326 0.8087 0.570278 35.94 

345 198 540.8 240 596.2 23.6 23.91326 0.8087 0.578665 35.35 

350 198 540.8 240 596.2 23.6 23.91326 0.8087 0.587051 34.78 

355 198 540.8 240 596.2 23.6 23.91326 0.8087 0.595438 34.25 

360 198 540.8 240 596.2 23.6 23.91326 0.8087 0.603824 33.74 

365 198 540.8 240 596.2 23.6 23.91326 0.8087 0.612211 33.25 

[bmim][BF4] 9 

323.15 226 655 200 643.2 20.4 20.67079 0.8877 0.50241 268.60 

333.15 226 655 200 643.2 20.4 20.67079 0.8877 0.517957 261.13 

343.15 226 655 200 643.2 20.4 20.67079 0.8877 0.533504 25.44 

353.15 226 655 200 643.2 20.4 20.67079 0.8877 0.549052 24.83 

363.15 226 655 200 643.2 20.4 20.67079 0.8877 0.564599 24.28 

288.15 226 655 200 643.2 20.4 20.67079 0.8877 0.447994 30.24 

293.15 226 655 200 643.2 20.4 20.67079 0.8877 0.455768 29.67 



46 
 

Table 4.4.5 Calculation for Unified Equation for the Viscosity of Pure Liquids (cont.) 

  

296.15 226 655 200 643.2 20.4 20.67079 0.8877 0.460432 29.34 

298.15 226 655 200 643.2 20.4 20.67079 0.8877 0.463542 29.13 

 [bmim][PF6] 10 

288.15 284.2 762.5 198.54 719.4 17.3 17.52964 0.7917 0.400542 302.69 

293.15 284.2 762.5 198.54 719.4 17.3 17.52964 0.7917 0.407492 297.03 

296.15 284.2 762.5 198.54 719.4 17.3 17.52964 0.7917 0.411662 293.79 

298.15 284.2 762.5 198.54 719.4 17.3 17.52964 0.7917 0.414443 291.69 

301.15 284.2 762.5 198.54 719.4 17.3 17.52964 0.7917 0.418613 288.64 

303.15 284.2 762.5 198.54 719.4 17.3 17.52964 0.7917 0.421393 286.67 

305.15 284.2 762.5 198.54 719.4 17.3 17.52964 0.7917 0.424173 284.74 

308.15 284.2 762.5 198.54 719.4 17.3 17.52964 0.7917 0.428343 281.92 

311.15 284.2 762.5 198.54 719.4 17.3 17.52964 0.7917 0.432513 279.20 

313.15 284.2 762.5 198.54 719.4 17.3 17.52964 0.7917 0.435293 277.44 

[emim][PF6] 3 

343.1 256.1 648.3 154.6 508.8 19.5 19.75884 0.7083 0.674332 20.01 

353.1 256.1 648.3 154.6 508.8 19.5 19.75884 0.7083 0.693986 19.70 

363.1 256.1 648.3 154.6 508.8 19.5 19.75884 0.7083 0.71364 19.42 

[dmim][bti] 
8 

  

283.15 377.3 818.8 154.6 1239.9 35.8 36.27521 0.1752 0.228365 23.59 

293.15 377.3 818.8 154.6 1239.9 35.8 36.27521 1.1752 0.23643 22.98 

303.15 377.3 818.8 154.6 1239.9 35.8 36.27521 2.1752 0.244496 22.43 

313.15 377.3 818.8 154.6 1239.9 35.8 36.27521 3.1752 0.252561 21.95 

323.15 377.3 818.8 154.6 1239.9 35.8 36.27521 4.1752 0.260626 21.51 

333.15 377.3 818.8 154.6 1239.9 35.8 36.27521 5.1752 0.268691 21.12 

343.15 377.3 818.8 154.6 1239.9 35.8 36.27521 6.1752 0.276756 20.77 

353.15 377.3 818.8 154.6 1239.9 35.8 36.27521 7.1752 0.284821 20.45 

[dmim][bf4] 1 298.15 310 997.7 203.12 784.6 14.5 14.69247 1.082 0.380003 26.37 

[C8mim] 

[BF4] 
17 

283.15 282.13 812.3 263.88 726.1 16 16.21238 0.9954 0.38996 50.59 

288.15 282.13 812.3 263.88 726.1 16 16.21238 0.9954 0.396846 49.14 

293.15 282.13 812.3 263.88 726.1 16 16.21238 0.9954 0.403732 47.79 
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Table 4.4.5 Calculation for Unified Equation for the Viscosity of Pure Liquids (cont.) 

  

298.15 282.13 812.3 263.88 726.1 16 16.21238 0.9954 0.410618 46.52 

303.15 282.13 812.3 263.88 726.1 16 16.21238 0.9954 0.417504 45.33 

308.15 282.13 812.3 263.88 726.1 16 16.21238 0.9954 0.424391 44.22 

313.15 282.13 812.3 263.88 726.1 16 16.21238 0.9954 0.431277 43.17 

318.15 282.13 812.3 263.88 726.1 16 16.21238 0.9954 0.438163 42.19 

323.15 282.13 812.3 263.88 726.1 16 16.21238 0.9954 0.445049 41.26 

328.15 282.13 812.3 263.88 726.1 16 16.21238 0.9954 0.451935 40.39 

333.15 282.13 812.3 263.88 726.1 16 16.21238 0.9954 0.458821 39.56 

338.15 282.13 812.3 263.88 726.1 16 16.21238 0.9954 0.465707 38.78 

343.15 282.13 812.3 263.88 726.1 16 16.21238 0.9954 0.472593 38.04 

348.15 282.13 812.3 263.88 726.1 16 16.21238 0.9954 0.479479 37.34 

353.15 282.13 812.3 263.88 726.1 16 16.21238 0.9954 0.486366 36.67 

358.15 282.13 812.3 263.88 726.1 16 16.21238 0.9954 0.493252 36.04 

363.15 282.13 812.3 263.88 726.1 16 16.21238 0.9954 0.500138 35.44 

 

For the complete calculation excel spreadsheet, kindly refer to APPENDIX. 
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4.5 Master Table 

Table 4.5 Master Calculation Table 

Methods Letsou & Stiel Golubev 
Uyehara and 

Watson 
Lewis & Squires 

Unified Equation  

for Pure Liquids 

IL name 

Da 

ta  

Poi

nts 

Temp. 

(K) 

Exp. 

Visc.  

(cP) 

Calc. 

 visc. 
%AAD 

Calc. 

 visc. 
%AAD 

Calc. 

 visc. 
%AAD 

Calc.  

visc. 
%AAD 

Calc.  

visc. 
%AAD 

[emim][BF4] 16 

290.00 46.00 69.65 33.96 46.26 0.57 43.40 5.65 52.74 12.78 44.13 4.24 

295.00 41.00 68.00 39.70 47.64 16.21 43.40 5.85 48.00 14.58 43.07 4.80 

300.00 32.00 66.36 51.78 49.02 53.19 43.40 35.62 43.90 27.11 42.08 23.95 

305.00 31.00 64.74 52.12 50.39 62.56 40.30 30.00 40.35 23.17 41.14 24.65 

310.00 27.00 63.15 57.24 51.76 91.70 37.20 37.77 37.23 27.49 40.26 32.94 

315.00 24.00 37.17 35.43 42.12 75.49 37.20 55.00 34.49 30.41 39.44 39.14 

320.00 22.00 38.33 42.61 29.47 33.96 31.00 40.91 32.06 31.37 38.66 43.09 

325.00 21.00 37.12 43.43 31.82 51.52 24.80 18.09 29.89 29.75 37.92 44.62 

330.00 19.00 56.95 66.64 32.16 69.26 24.80 30.52 27.95 32.02 37.22 48.96 

335.00 18.00 55.46 67.54 24.49 36.07 21.70 20.55 26.21 31.31 36.56 50.77 

340.00 18.00 53.98 66.65 19.82 10.11 19.00 5.53 24.63 26.92 35.94 49.91 

345.00 16.00 52.52 69.53 31.14 94.62 15.50 3.13 23.20 31.04 35.35 54.73 

350.00 15.00 51.08 70.63 32.45 116.35 15.50 3.33 21.90 31.52 34.78 56.87 

355.00 15.00 49.66 69.80 23.76 58.38 12.40 17.34 20.72 27.60 34.25 56.20 

360.00 15.00 48.26 68.92 23.06 53.70 9.30 38.00 19.63 23.59 33.74 55.54 

365.00 13.00 46.88 72.27 18.35 41.12 6.20 52.31 18.63 30.24 33.25 60.91 

[bmim][BF4] 9 

283.15 277.00 119.71 131.39 37.88 86.33 141.55 48.90 115.02 140.84 268.60 3.13 

293.15 154.00 114.29 34.74 40.43 73.75 141.55 8.09 86.39 78.27 261.13 41.02 

303.15 91.40 108.99 16.14 42.97 52.99 71.55 21.72 67.72 34.96 25.44 259.0 
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Table 4.5 Master Calculation Table (cont.) 

  

313.15 59.10 103.82 43.07 45.49 23.02 38.58 34.72 54.80 7.85 24.83 138.0 

323.15 39.60 55.69 28.90 48.00 21.22 35.61 10.08 45.43 12.83 24.28 63.13 

333.15 28.00 78.75 64.45 50.50 80.35 35.61 27.18 38.40 27.09 30.24 7.41 

343.15 20.40 77.09 73.54 36.14 77.16 29.68 45.47 32.97 38.13 29.67 31.24 

353.15 15.50 76.11 79.63 20.52 32.39 23.74 53.16 28.68 45.96 29.34 47.18 

363.15 11.90 75.45 84.23 17.54 47.39 20.77 74.56 25.23 52.83 29.13 59.15 

 [bmim][PF6] 10 

288.15 400.20 74.25 438.96 32.09 91.98 40.97 89.76 204.94 95.27 302.69 32.21 

293.15 294.00 102.96 185.55 33.26 88.69 40.97 86.07 184.53 59.32 297.03 1.02 

296.15 245.80 155.66 57.91 33.96 86.18 40.97 83.33 160.57 53.08 293.79 16.33 

298.15 217.90 157.24 38.58 34.43 84.20 38.04 82.54 145.68 49.58 291.69 25.30 

301.15 182.70 172.59 5.86 35.13 80.77 35.12 80.78 104.79 74.34 288.64 36.70 

303.15 162.90 204.51 20.35 35.60 78.15 35.12 78.44 86.08 89.23 286.67 43.17 

305.15 145.10 76.90 88.68 36.07 75.14 29.26 79.83 81.76 77.47 284.74 49.04 

308.15 123.20 76.07 61.96 36.77 70.15 23.41 81.00 75.89 62.33 281.92 56.30 

311.15 104.00 75.24 38.23 37.47 63.97 20.48 80.30 70.68 47.14 98.20 5.90 

313.15 95.00 74.68 27.20 37.94 60.06 20.48 78.44 67.52 40.70 77.44 22.67 

[emim][PF6] 3 

343.10 23.40 35.53 34.14 73.81 215.42 22.31 4.65 39.32 40.49 20.01 16.95 

353.10 17.10 32.90 48.03 76.61 347.99 19.12 11.84 33.69 49.25 19.70 13.20 

363.10 13.30 30.37 56.21 79.37 496.74 19.12 43.80 29.26 54.54 19.42 31.52 

[dmim][bti] 8 

283.15 77.06 94.98 18.87 13.12 82.98 65.01 15.64 65.76 17.18 73.25 5.20 

293.15 47.46 257.41 81.56 14.96 68.49 60.01 26.43 53.40 11.13 42.51 11.64 

303.15 31.58 413.27 92.36 16.90 46.49 50.00 58.34 44.40 28.87 22.43 40.78 

313.15 22.32 563.17 96.04 18.93 15.18 40.00 79.23 37.61 40.66 21.95 1.70 

323.15 16.55 739.96 97.76 21.05 27.20 25.00 51.08 32.35 48.85 21.51 23.07 

333.15 12.75 884.61 98.56 23.25 82.37 15.00 17.67 28.19 54.77 21.12 39.63 

343.15 10.14 1023.2 99.01 25.53 151.75 15.00 47.93 24.82 59.15 8.47 19.72 

353.15 8.28 1156.0 99.28 27.87 236.58 10.04 21.22 22.06 62.47 6.99 18.45 
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Table 4.5 Master Calculation Table (cont.) 

[dmim][bf4] 1 298.15 34.00 99.38 65.79 29.94 11.94 16.07 52.74 - - 26.37 28.91 

[C8mim][Bf4] 17 

283.15 132.40 92.28 43.48 28.72 78.31 35.92 72.87 204.05 35.11 150.59 12.08 

288.15 187.50 90.67 106.80 29.81 84.10 33.16 82.31 165.67 13.18 149.14 25.72 

293.15 162.90 89.07 82.89 30.91 81.03 33.16 79.64 137.72 18.28 147.79 10.23 

298.15 224.17 198.44 12.97 32.01 85.72 27.63 87.67 216.66 3.47 146.52 53.00 

303.15 246.18 188.25 30.77 33.10 86.55 246.11 0.03 200.35 22.87 145.33 69.39 

308.15 191.95 174.92 9.74 34.20 82.18 19.34 89.92 187.42 2.41 144.22 33.10 

313.15 147.92 133.92 10.45 35.30 76.14 19.34 86.92 76.99 92.14 143.17 3.32 

318.15 116.38 110.67 5.16 36.40 68.73 19.34 83.38 68.42 70.09 142.19 18.15 

323.15 91.95 79.78 15.26 37.49 59.22 16.58 81.97 61.29 50.01 141.26 34.91 

328.15 74.79 78.28 4.46 38.59 48.40 16.58 77.83 55.29 35.26 40.39 85.19 

333.15 60.95 76.79 20.63 39.68 34.89 35.92 41.06 50.19 21.45 39.56 54.07 

338.15 50.88 75.32 32.45 40.77 19.86 33.16 34.82 45.80 11.10 38.78 31.21 

343.15 42.06 73.87 43.06 41.86 0.47 27.63 34.30 42.00 0.15 38.04 10.57 

348.15 35.78 72.42 50.60 42.95 20.04 22.11 38.21 38.68 7.50 37.34 4.17 

353.15 30.11 71.00 57.59 44.03 46.24 19.34 35.76 35.77 15.82 36.67 17.89 

358.15 25.87 131.12 80.27 45.11 74.39 19.34 25.23 33.19 22.06 36.04 28.22 

363.15 21.57 128.49 83.21 46.19 114.15 19.34 10.32 30.90 30.20 35.44 39.13 

[bmim][TFES] 1 298.15 23.00 18.50 24.35 20.88 9.23 31.98 39.06 - - 29.92 23.14 

[emim][TFES] 1 298.15 17.24 25.29 31.83 11.85 31.27 26.22 52.11 - - 49.82 65.39 

[nmim][bti] 1 298.15 28.90 24.84 16.32 9.43 67.37 32.15 11.24 - - 17.04 69.64 

[pmim][bti] 1 298.15 20.00 20.93 4.45 12.12 39.39 36.25 81.26 - - 27.74 27.90 

[bmim][Cl] 1 298.15 25.00 12.08 106.93 30.88 23.52 26.49 5.95 - - 28.46 12.15 

[C12mim][Cl] 1 298.15 29.90 18.52 61.41 17.83 40.38 22.86 23.54 - - 24.33 22.90 

[dmprim][bti] 16 

290.00 131.00 110.57 18.48 11.65 91.11 31.47 75.98 103.35 26.75 149.44 12.34 

295.00 106.00 494.39 78.56 12.43 88.27 30.40 71.32 98.77 7.32 98.72 7.37 

300.00 85.00 77.46 9.73 13.24 84.42 29.33 65.49 72.35 17.48 50.39 68.69 
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Table 4.5 Master Calculation Table (cont.) 

  

305.00 69.00 104.98 34.27 14.07 79.61 28.27 59.03 58.98 16.99 49.08 40.57 

310.00 58.00 131.98 56.05 14.92 74.28 27.20 53.10 53.33 8.76 47.86 21.19 

315.00 49.00 158.47 69.08 15.79 67.78 26.14 46.66 48.50 1.02 46.71 4.90 

320.00 42.00 184.46 77.23 16.68 60.29 25.07 40.30 44.34 5.29 45.63 7.95 

325.00 37.00 209.95 82.38 17.58 52.47 24.01 35.12 40.73 9.16 44.61 17.05 

330.00 33.00 234.95 85.95 18.51 43.91 22.94 30.48 37.57 12.17 43.64 24.39 

335.00 29.00 1372.8 97.89 19.45 32.92 21.88 24.57 34.79 16.64 42.74 32.14 

340.00 27.00 2834.6 99.05 20.41 24.41 20.81 22.93 32.32 16.47 41.88 35.52 

345.00 24.00 306.99 92.18 21.38 10.90 19.74 17.73 30.13 20.34 41.06 41.55 

350.00 23.00 330.04 93.03 22.37 2.72 18.68 18.79 28.16 18.33 40.29 42.92 

355.00 21.00 352.60 94.04 23.38 11.32 17.61 16.13 26.40 20.45 39.56 46.92 

360.00 20.00 374.69 94.66 24.39 21.97 16.55 17.26 24.80 19.37 38.87 48.54 

365.00 19.00 396.30 95.21 25.42 33.81 15.48 18.52 23.36 18.66 38.21 50.27 

[bmpyr][bti] 9 

283.10 167.80 196.00 14.39 11.89 92.91 123.42 26.45 135.29 24.03 148.32 13.13 

293.10 96.20 86.21 11.59 13.51 85.96 88.32 8.19 71.91 33.77 88.70 8.46 

298.10 74.90 146.92 49.02 14.35 80.84 59.20 20.96 64.21 16.65 51.89 44.33 

303.10 59.50 976.16 93.90 15.21 74.44 80.33 35.01 57.76 3.02 50.51 17.80 

313.10 39.40 121.50 67.57 16.98 56.89 9.59 75.66 47.61 17.24 47.99 17.90 

323.10 28.40 144.39 80.33 18.83 33.69 8.58 69.78 40.06 29.10 45.77 37.95 

333.10 20.90 166.32 87.43 20.75 0.74 7.58 63.75 34.26 39.00 43.79 52.27 

343.10 15.90 187.28 91.51 22.72 42.88 6.57 58.68 19.71 19.33 42.03 62.17 

353.10 13.10 207.31 93.68 24.74 88.87 5.56 57.53 16.06 18.43 40.44 67.61 

%AAAD   63.34 68.75 43.99 32.64 35.96 
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4.6  Summary of Calculation Results 

Table 4.6: Summary of Calculation Results 

Prediction Method 

ILs 

Calculated Data Points Temperature Range(K) %AAAD 

Letsou & Stiel 20 100 283.15-363.15 63.34 

Golubev 20 100 283.15-363.15 68.75 

Uyehara and Watson 20 100 283.15-363.15 43.99 

Lewis & Squires 16 88 283.15-363.15 32.64 

Unified Equation  

for Pure Liquids 20 100 283.15-363.15 35.96 
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4.7 Discussion 

The above results and tables clearly show that all the required data and information 

has been successfully obtained through detailed research. Besides that, calculation for 

around 100 data points for each method has been performed with the help of 

Microsoft Excel software.  The figure below summarizes the research results and the 

comparison of %AAAD between the 5 identified methods, which are the Letsou & 

Stiel method, Golubev method, Uyehara and Watson method, Lewis & Squires 

method, and the Unified Equation for Pure Liquids method. 

 

 

Figure 4.3: Comparison of % AAAD between Different Prediction Methods 

The graph above indicates that the Lewis & Squires method, with an Average of 

Absolute Average Deviation (%AAAD) of 32.64% is the best correlation for the 

prediction of liquid viscosity of Ionic Liquids. The Unified Equation for Pure Liquids 

is not far behind as it gives a %AAAD of 35.96%. Uyehara and Watson method 

performed fair results, with a %AAAD of around 40%. Letsou & Stiel and Golubev 

method, on the other hand, performed mediocre-ly with error deviation with less than 

50% accuracy. The 5 correlations considered in the study gave varying results and 
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none of them can be claimed to give the most accurate representation for all ILs at all 

temperatures. Therefore, the averages of the deviations were used to determine their 

accuracy in predicting the IL viscosities.  

As we can see, although the prediction results may not be pin-point accurate, but that 

is to be expected as these equations are not proven to be accurate for ILs. It should 

also be mentioned that most generalized correlations were derived for organic fluids 

and no applications to ILs had been done. This could explain the greater deviations 

found in some particular cases. 

Even though as of now, the estimation of viscosity of ILs cannot give a true 

representation of the actual viscosity, but by performing this research, we can know 

roughly the viscosity of ILs and this will benefit the industry in a great manner. For 

instance, just by applying the Lewis & Squires method, we can know what range the 

viscosity of IL is in, and thus, we can easily identify the suitable applications for the 

ILs, be it in the lubricant industry, or in the solvents industry. This will definitely save 

cost and time because this method is by far more cost-effective and time-saving as 

viscosity of ILs can be determined by just applying the Lewis & Squires 

method(which is basically cost-less) instead of identifying the viscosity of ILs 

through Experimental methods, such as using a viscometer. 
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CHAPTER 5 

CONCLUSIONS & RECOMMENDATIONS 

 

5 CONCLUSIONS & RECOMMENDATIONS 

5.1 Conclusions 

In conclusion, all the objectives set during the planning of the project were achieved 

successfully. As a recap, the objectives of the project were: 

 To review current literature to find the equations that are used to predict 

viscosity of liquids using their critical properties 

 To compare different prediction methods of viscosity of ILs with the actual 

viscosity and compare their accuracy.  

 To determine the best and most accurate generalized correlation in estimating 

the viscosities of Ionic Liquids. 

For this project, 5 different equations namely the Letsou & Stiel method, Golubev 

method, Uyehara and Watson method, Lewis & Squires method, and the Unified 

Equation for Pure Liquids method were successfully identified. Besides, their 

accuracy was identified and compared against each other using Chemical Engineering 

knowledge and calculations that involve the critical properties of ILs as the 

parameters of the equations. To wrap up, after months of hard work, the ultimate 

objective of the project which is to come up with the best prediction method was met 

successfully and the prediction method that performed the best was the Lewis & 

Squires method.  

This research is definitely an asset to the Ionic Liquid industry, which is rapidly 

blooming due to the ―green‖ or environmental friendly nature of Ionic Liquids 

compared to other VOC chemicals. 
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5.2 Recommendations 

This project is a new specific area of research as far as the chemical engineering 

community is concerned, as ILs are relatively new compared to other chemicals and 

this may serve as a starting point for further related researches. As more researches 

related to the physical and chemical properties of ILs are done, the potential of ILs as 

substitutes for non-environmental friendly chemicals especially solvents can be 

fulfilled. For now, research regarding the viscosity of ILs are far from sufficient and is 

lacking behind compared to researches done regarding especially the density and 

other properties of Ionic Liquids. 

 

Although this project has served its purpose by identifying the best method for 

viscosity prediction of ILs so that we can identify their potential applications, there is 

still much to be desired from the accuracy of the prediction methods. Therefore, 

further research on the prediction of viscosity of Ionic Liquids can be continued, using 

this research project as a basis or reference, since this is the first research project done 

to compare the viscosity prediction methods of Ionic Liquids using only their critical 

properties and basic properties. 

 

In a nutshell, more and more research of this nature has to be done in order to ensure 

that the potential of ILs in replacing current non-environmental friendly chemicals 

can be fulfilled as Ionic Liquids might just be the answer to the pollution and 

sustainability issues that all of us are facing currently and also in the future. 
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http://ilthermo.boulder.nist.gov/ILThermo/pureprp.uix.do?pureprplistView130%3Aselected=20&pureprplistView130%3Alength=26&pureindexilView133%3Aselected=19&pureindexilView133%3Alength=20&headernsampleView339%3Aselected=0&headernsampleView339%3Alength=1&pureprpUIModelState__=789C6DCDBB0A80300C85E117B2A0B8092EEAE2ACB8071B3110DB9246F4F1BDCC39EBFFC1E9FA696EDA329D82491253D685F0AA4645018DD2BAC195EF8A0F50F07813DB8038AB9CABBECE063B824709198EC43FA9CD130F0A760566C18DC216EDFE00656A4612&event=select&source=pureindexilView133
http://ilthermo.boulder.nist.gov/ILThermo/pureprp.uix.do?pureprplistView130%3Aselected=20&pureprplistView130%3Alength=26&pureindexilView133%3Aselected=19&pureindexilView133%3Alength=20&headernsampleView339%3Aselected=0&headernsampleView339%3Alength=1&pureprpUIModelState__=789C6DCDBB0A80300C85E117B2A0B8092EEAE2ACB8071B3110DB9246F4F1BDCC39EBFFC1E9FA696EDA329D82491253D685F0AA4645018DD2BAC195EF8A0F50F07813DB8038AB9CABBECE063B824709198EC43FA9CD130F0A760566C18DC216EDFE00656A4612&event=select&source=pureindexilView133
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From Excel File, 

Letsou & Stiel Method  
          IL Temperature(K) M Pc(bar) Pc(atm) Ѡ Tr (µγ)0 (µγ)1 µγ γ µ(cP) 

[emim][BF4] 290.00 198.00 23.60 23.91 0.81 0.49 0.01 0.01 0.02 0.02 69.65 

 
295.00 198.00 23.60 23.91 0.81 0.49 0.01 0.01 0.02 0.02 68.00 

 
300.00 198.00 23.60 23.91 0.81 0.50 0.01 0.01 0.02 0.02 66.36 

 
305.00 198.00 23.60 23.91 0.81 0.51 0.01 0.01 0.02 0.02 64.74 

 
310.00 198.00 23.60 23.91 0.81 0.52 0.01 0.01 0.02 0.02 63.15 

 
315.00 198.00 23.60 23.91 0.81 0.53 0.01 0.01 0.02 0.02 61.57 

 
320.00 198.00 23.60 23.91 0.81 0.54 0.01 0.01 0.01 0.02 60.01 

 
325.00 198.00 23.60 23.91 0.81 0.55 0.01 0.01 0.01 0.02 58.47 

 
330.00 198.00 23.60 23.91 0.81 0.55 0.01 0.01 0.01 0.02 56.95 

 
335.00 198.00 23.60 23.91 0.81 0.56 0.01 0.01 0.01 0.02 55.46 

 
340.00 198.00 23.60 23.91 0.81 0.57 0.01 0.01 0.01 0.02 53.98 

 
345.00 198.00 23.60 23.91 0.81 0.58 0.01 0.01 0.01 0.02 52.52 

 
350.00 198.00 23.60 23.91 0.81 0.59 0.01 0.01 0.01 0.02 51.08 

 
355.00 198.00 23.60 23.91 0.81 0.60 0.01 0.01 0.01 0.02 49.66 

 
360.00 198.00 23.60 23.91 0.81 0.60 0.01 0.01 0.01 0.02 48.26 

 
365.00 198.00 23.60 23.91 0.81 0.61 0.00 0.01 0.01 0.02 46.88 

[bmim][BF4] 323.15 226.00 20.40 20.67 0.89 0.50 0.01 0.01 0.02 0.01 119.71 

 
333.15 226.00 20.40 20.67 0.89 0.52 0.01 0.01 0.02 0.01 114.29 

 
343.15 226.00 20.40 20.67 0.89 0.53 0.01 0.01 0.02 0.01 108.99 

 
353.15 226.00 20.40 20.67 0.89 0.55 0.01 0.01 0.02 0.01 103.82 

 
363.15 226.00 20.40 20.67 0.89 0.56 0.01 0.01 0.01 0.03 55.69 

 
288.15 226.00 20.40 20.67 0.89 0.45 0.01 0.02 0.02 0.03 78.75 

 
293.15 226.00 20.40 20.67 0.89 0.46 0.01 0.01 0.02 0.03 77.09 

 
296.15 226.00 20.40 20.67 0.89 0.46 0.01 0.01 0.02 0.03 76.11 

 
298.15 226.00 20.40 20.67 0.89 0.46 0.01 0.01 0.02 0.03 75.45 

 [bmim][PF6] 288.15 284.20 17.30 17.53 0.79 0.40 0.01 0.02 0.02 0.03 74.25 

 
293.15 284.20 17.30 17.53 0.79 0.41 0.01 0.02 0.02 0.03 72.95 
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296.15 284.20 17.30 17.53 0.79 0.41 0.01 0.02 0.02 0.03 72.17 

 
298.15 284.20 17.30 17.53 0.79 0.41 0.01 0.02 0.02 0.03 71.66 

 
301.15 284.20 17.30 17.53 0.79 0.42 0.01 0.02 0.02 0.03 78.03 

 
303.15 284.20 17.30 17.53 0.79 0.42 0.01 0.02 0.02 0.03 77.46 

 
305.15 284.20 17.30 17.53 0.79 0.42 0.01 0.02 0.02 0.03 76.90 

 
308.15 284.20 17.30 17.53 0.79 0.43 0.01 0.02 0.02 0.03 76.07 

 
311.15 284.20 17.30 17.53 0.79 0.43 0.01 0.02 0.02 0.03 75.24 

 
313.15 284.20 17.30 17.53 0.79 0.44 0.01 0.02 0.02 0.03 74.68 

[emim][PF6] 343.10 256.10 19.50 19.76 0.71 0.67 0.00 0.01 0.01 0.02 35.53 

 
353.10 256.10 19.50 19.76 0.71 0.69 0.00 0.01 0.01 0.02 32.90 

 
363.10 256.10 19.50 19.76 0.71 0.71 0.00 0.01 0.01 0.02 30.37 

[dmim][bti] 283.15 377.30 35.80 36.28 0.18 0.23 0.01 0.03 0.02 0.02 9.50 

 
293.15 377.30 35.80 36.28 1.18 0.24 0.01 0.03 0.04 0.02 257.41 

 
303.15 377.30 35.80 36.28 2.18 0.24 0.01 0.03 0.07 0.02 413.27 

 
313.15 377.30 35.80 36.28 3.18 0.25 0.01 0.03 0.09 0.02 563.17 

 
323.15 377.30 35.80 36.28 4.18 0.26 0.01 0.02 0.11 0.02 739.96 

 
333.15 377.30 35.80 36.28 5.18 0.27 0.01 0.02 0.14 0.02 884.61 

 
343.15 377.30 35.80 36.28 6.18 0.28 0.01 0.02 0.16 0.02 1023.28 

 
353.15 377.30 35.80 36.28 7.18 0.28 0.01 0.02 0.18 0.02 1156.07 

[dmim][bf4] 298.15 310.00 14.50 14.69 1.08 0.38 0.01 0.02 0.03 0.03 99.38 
[C8mim] 
[BF4] 283.15 282.13 16.00 16.21 1.00 0.39 0.01 0.02 0.03 0.03 92.28 

 
288.15 282.13 16.00 16.21 1.00 0.40 0.01 0.02 0.03 0.03 90.67 

 
293.15 282.13 16.00 16.21 1.00 0.40 0.01 0.02 0.02 0.03 89.07 

 
298.15 282.13 16.00 16.21 1.00 0.41 0.01 0.02 0.02 0.03 87.48 

 
303.15 282.13 16.00 16.21 1.00 0.42 0.01 0.02 0.02 0.03 85.92 

 
308.15 282.13 16.00 16.21 1.00 0.42 0.01 0.02 0.02 0.03 84.36 

 
313.15 282.13 16.00 16.21 1.00 0.43 0.01 0.02 0.02 0.03 82.82 

 
318.15 282.13 16.00 16.21 1.00 0.44 0.01 0.02 0.02 0.03 81.29 

 
323.15 282.13 16.00 16.21 1.00 0.45 0.01 0.02 0.02 0.03 79.78 

 
328.15 282.13 16.00 16.21 1.00 0.45 0.01 0.01 0.02 0.03 78.28 
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333.15 282.13 16.00 16.21 1.00 0.46 0.01 0.01 0.02 0.03 76.79 

 
338.15 282.13 16.00 16.21 1.00 0.47 0.01 0.01 0.02 0.03 75.32 

 
343.15 282.13 16.00 16.21 1.00 0.47 0.01 0.01 0.02 0.03 73.87 

 
348.15 282.13 16.00 16.21 1.00 0.48 0.01 0.01 0.02 0.03 72.42 

 
353.15 282.13 16.00 16.21 1.00 0.49 0.01 0.01 0.02 0.03 71.00 

 
358.15 282.13 16.00 16.21 1.00 0.49 0.01 0.01 0.02 0.01 131.12 

 
363.15 282.13 16.00 16.21 1.00 0.50 0.01 0.01 0.02 0.01 12.85 

[bmim][TFES] 298.15 320.00 25.70 26.04 0.46 0.29 0.01 0.02 0.02 0.01 18.50 

[emim][TFES] 298.15 433.00 15.60 15.81 0.81 0.25 0.01 0.03 0.03 0.01 25.29 

[nmim][bti] 298.15 490.00 19.80 20.06 0.53 0.22 0.01 0.03 0.03 0.01 24.84 

[pmim][bti] 298.15 433.00 25.60 25.94 0.34 0.23 0.01 0.03 0.02 0.01 20.93 

[bmim][Cl] 298.15 174.70 27.80 28.17 0.49 0.38 0.01 0.02 0.02 0.01 12.08 

[C12mim][Cl] 298.15 286.90 16.00 16.21 0.82 0.31 0.01 0.02 0.03 0.01 18.52 

[dmprim][bti] 290.00 419.00 27.50 27.87 0.32 0.23 0.01 0.03 0.02 0.02 110.57 

 
295.00 419.00 27.50 27.87 1.32 0.23 0.01 0.03 0.05 0.01 494.39 

 
300.00 419.00 27.50 27.87 2.32 0.24 0.01 0.03 0.07 0.01 77.46 

 
305.00 419.00 27.50 27.87 3.32 0.24 0.01 0.03 0.10 0.01 104.98 

 
310.00 419.00 27.50 27.87 4.32 0.24 0.01 0.03 0.12 0.01 131.98 

 
315.00 419.00 27.50 27.87 5.32 0.25 0.01 0.03 0.15 0.01 158.47 

 
320.00 419.00 27.50 27.87 6.32 0.25 0.01 0.03 0.17 0.01 184.46 

 
325.00 419.00 27.50 27.87 7.32 0.26 0.01 0.03 0.19 0.01 209.95 

 
330.00 419.00 27.50 27.87 8.32 0.26 0.01 0.02 0.22 0.01 234.95 

 
335.00 419.00 27.50 27.87 9.32 0.26 0.01 0.02 0.24 0.02 1372.83 

 
340.00 419.00 27.50 27.87 10.32 0.27 0.01 0.02 0.26 0.01 2834.65 

 
345.00 419.00 27.50 27.87 11.32 0.27 0.01 0.02 0.28 0.01 306.99 

 
350.00 419.00 27.50 27.87 12.32 0.28 0.01 0.02 0.31 0.01 330.04 

 
355.00 419.00 27.50 27.87 13.32 0.28 0.01 0.02 0.33 0.01 352.60 

 
360.00 419.00 27.50 27.87 14.32 0.28 0.01 0.02 0.35 0.01 374.69 

 
365.00 419.00 27.50 27.87 15.32 0.29 0.01 0.02 0.37 0.01 396.30 

[bmpyr][bti] 283.10 422.00 24.80 25.13 0.32 0.23 0.01 0.03 0.02 0.01 19.60 

 
293.10 422.00 24.80 25.13 1.32 0.24 0.01 0.03 0.04 0.01 46.01 
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298.10 422.00 24.80 25.13 2.32 0.25 0.01 0.03 0.07 0.02 377.88 

 
303.10 422.00 24.80 25.13 3.32 0.25 0.01 0.03 0.09 0.01 976.16 

 
313.10 422.00 24.80 25.13 4.32 0.26 0.01 0.02 0.12 0.01 121.50 

 
323.10 422.00 24.80 25.13 5.32 0.27 0.01 0.02 0.14 0.01 144.39 

 
333.10 422.00 24.80 25.13 6.32 0.28 0.01 0.02 0.16 0.01 166.32 

 
343.10 422.00 24.80 25.13 7.32 0.28 0.01 0.02 0.18 0.01 187.28 

 
353.10 422.00 24.80 25.13 8.32 0.29 0.01 0.02 0.20 0.01 207.31 
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Golubev Approach 
IL Data Points Temperature(K) M Tc(K) Pc(bar) Pc(atm) Tr µ*c µ 

[emim][BF4] 16 

290 198 596.2 23.6 23.91326 0.486414 118.5929 59.16 

295 198 596.2 23.6 23.91326 0.4948 118.5929 60.14 

300 198 596.2 23.6 23.91326 0.503187 118.5929 61.13 

305 198 596.2 23.6 23.91326 0.511573 118.5929 62.11 

310 198 596.2 23.6 23.91326 0.51996 118.5929 63.09 

315 198 596.2 23.6 23.91326 0.528346 118.5929 64.07 

320 198 596.2 23.6 23.91326 0.536733 118.5929 65.05 

325 198 596.2 23.6 23.91326 0.545119 118.5929 66.03 

330 198 596.2 23.6 23.91326 0.553506 118.5929 67.01 

335 198 596.2 23.6 23.91326 0.561892 118.5929 67.99 

340 198 596.2 23.6 23.91326 0.570278 118.5929 68.97 

345 198 596.2 23.6 23.91326 0.578665 118.5929 69.95 

350 198 596.2 23.6 23.91326 0.587051 118.5929 70.93 

355 198 596.2 23.6 23.91326 0.595438 118.5929 71.91 

360 198 596.2 23.6 23.91326 0.603824 118.5929 72.88 

365 198 596.2 23.6 23.91326 0.612211 118.5929 73.86 

[bmim][BF4] 9 

283.15 226 643.2 20.4 20.67079 0.440221 116.4353 52.75 

293.15 226 643.2 20.4 20.67079 0.455768 116.4353 54.55 

303.15 226 643.2 20.4 20.67079 0.471315 116.4353 56.34 

313.15 226 643.2 20.4 20.67079 0.486863 116.4353 58.13 

323.15 226 643.2 20.4 20.67079 0.50241 116.4353 59.92 

333.15 226 643.2 20.4 20.67079 0.517957 116.4353 61.71 

343.15 226 643.2 20.4 20.67079 0.533504 116.4353 63.50 

353.15 226 643.2 20.4 20.67079 0.549052 116.4353 65.28 

363.15 226 643.2 20.4 20.67079 0.564599 116.4353 67.07 

 [bmim][PF6] 10 

288.15 284.2 719.4 17.3 17.52964 0.400542 119.1856 49.29 

293.15 284.2 719.4 17.3 17.52964 0.407492 119.1856 50.12 

296.15 284.2 719.4 17.3 17.52964 0.411662 119.1856 50.61 
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298.15 284.2 719.4 17.3 17.52964 0.414443 119.1856 50.94 

301.15 284.2 719.4 17.3 17.52964 0.418613 119.1856 51.44 

303.15 284.2 719.4 17.3 17.52964 0.421393 119.1856 51.77 

305.15 284.2 719.4 17.3 17.52964 0.424173 119.1856 52.10 

308.15 284.2 719.4 17.3 17.52964 0.428343 119.1856 52.59 

311.15 284.2 719.4 17.3 17.52964 0.432513 119.1856 53.08 

313.15 284.2 719.4 17.3 17.52964 0.435293 119.1856 53.41 

[emim][PF6] 3 

343.1 256.1 508.8 19.5 19.75884 0.674332 115.6658 79.08 

353.1 256.1 508.8 19.5 19.75884 0.693986 115.6658 81.30 

363.1 256.1 508.8 19.5 19.75884 0.71364 115.6658 83.52 

[dmim][bti] 8 

283.15 377.3 1239.9 35.8 36.27521 0.228365 244.1832 58.72 

293.15 377.3 1239.9 35.8 36.27521 0.23643 244.1832 60.72 

303.15 377.3 1239.9 35.8 36.27521 0.244496 244.1832 62.72 

313.15 377.3 1239.9 35.8 36.27521 0.252561 244.1832 64.71 

323.15 377.3 1239.9 35.8 36.27521 0.260626 244.1832 66.71 

333.15 377.3 1239.9 35.8 36.27521 0.268691 244.1832 68.70 

343.15 377.3 1239.9 35.8 36.27521 0.276756 244.1832 70.69 

353.15 377.3 1239.9 35.8 36.27521 0.284821 244.1832 72.67 

[dmim][bf4] 1 298.15 310 784.6 14.5 14.69247 0.380003 112.2674 44.13 

[C8mim] [BF4] 17 

283.15 282.13 726.1 16 16.21238 0.38996 112.899 45.50 

288.15 282.13 726.1 16 16.21238 0.396846 112.899 46.28 

293.15 282.13 726.1 16 16.21238 0.403732 112.899 47.05 

298.15 282.13 726.1 16 16.21238 0.410618 112.899 47.83 

303.15 282.13 726.1 16 16.21238 0.417504 112.899 48.60 

308.15 282.13 726.1 16 16.21238 0.424391 112.899 49.37 

313.15 282.13 726.1 16 16.21238 0.431277 112.899 50.15 

318.15 282.13 726.1 16 16.21238 0.438163 112.899 50.92 

323.15 282.13 726.1 16 16.21238 0.445049 112.899 51.69 

328.15 282.13 726.1 16 16.21238 0.451935 112.899 52.46 

333.15 282.13 726.1 16 16.21238 0.458821 112.899 53.23 

338.15 282.13 726.1 16 16.21238 0.465707 112.899 54.00 
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343.15 282.13 726.1 16 16.21238 0.472593 112.899 54.77 

348.15 282.13 726.1 16 16.21238 0.479479 112.899 55.54 

353.15 282.13 726.1 16 16.21238 0.486366 112.899 56.31 

358.15 282.13 726.1 16 16.21238 0.493252 112.899 57.08 

363.15 282.13 726.1 16 16.21238 0.500138 112.899 57.85 

[bmim][TFES] 1 298 320 1030.5 25.7 26.04114 0.28918 174.82 52.80 

[emim][TFES] 1 298 433 1171 15.6 15.80707 0.254483 148.9267 39.76 

[nmim][bti] 1 298 490 1331.2 19.8 20.06282 0.223858 189.7294 44.76 

[pmim][bti] 1 298 433 1281.1 25.6 25.93981 0.232613 210.3231 51.49 

[bmim][Cl] 1 298 174.7 789 27.8 28.16901 0.377693 130.1892 50.88 

[C12mim][Cl] 1 298 286.9 951.5 16 16.21238 0.31319 119.0966 38.85 

[dmprim][bti] 16 290 419 1269.7 27.5 27.86503 0.2284 216.6864 52.12 

  
295 419 1269.7 27.5 27.86503 0.232338 216.6864 52.98 

  
300 419 1269.7 27.5 27.86503 0.236276 216.6864 53.85 

  
305 419 1269.7 27.5 27.86503 0.240214 216.6864 54.72 

  
310 419 1269.7 27.5 27.86503 0.244152 216.6864 55.58 

  
315 419 1269.7 27.5 27.86503 0.24809 216.6864 56.45 

  
320 419 1269.7 27.5 27.86503 0.252028 216.6864 57.31 

  
325 419 1269.7 27.5 27.86503 0.255966 216.6864 58.17 

  
330 419 1269.7 27.5 27.86503 0.259904 216.6864 59.04 

  
335 419 1269.7 27.5 27.86503 0.263842 216.6864 59.90 

  
340 419 1269.7 27.5 27.86503 0.26778 216.6864 60.76 

  
345 419 1269.7 27.5 27.86503 0.271718 216.6864 61.62 

  
350 419 1269.7 27.5 27.86503 0.275656 216.6864 62.49 

  
355 419 1269.7 27.5 27.86503 0.279594 216.6864 63.35 

  
360 419 1269.7 27.5 27.86503 0.283532 216.6864 64.21 

  
365 419 1269.7 27.5 27.86503 0.287469 216.6864 65.07 

[bmpyr][bti] 9 283.1 422 1209.2 24.8 25.12919 0.234122 201.3383 49.59 

  
293.1 422 1209.2 24.8 25.12919 0.242392 201.3383 51.28 

  
298.1 422 1209.2 24.8 25.12919 0.246527 201.3383 52.13 

  
303.1 422 1209.2 24.8 25.12919 0.250662 201.3383 52.97 
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313.1 422 1209.2 24.8 25.12919 0.258932 201.3383 54.66 

  
323.1 422 1209.2 24.8 25.12919 0.267201 201.3383 56.34 

  
333.1 422 1209.2 24.8 25.12919 0.275471 201.3383 58.02 

  
343.1 422 1209.2 24.8 25.12919 0.283741 201.3383 59.70 

  
353.1 422 1209.2 24.8 25.12919 0.292011 201.3383 61.38 
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Uyehara and Watson 

IL 
Data 

Points 
Temperature(K) M Tc(K) Pc(bar) Pc(atm) Pr Tr µC µR µ 

[emim][BF4] 16 

290 198 596.2 23.6 23.91326 0.041818 0.486414 309.9921 0.14 43.40 

295 198 596.2 23.6 23.91326 0.041818 0.4948 309.9921 0.14 43.40 

300 198 596.2 23.6 23.91326 0.041818 0.503187 309.9921 0.14 43.40 

305 198 596.2 23.6 23.91326 0.041818 0.511573 309.9921 0.13 40.30 

310 198 596.2 23.6 23.91326 0.041818 0.51996 309.9921 0.12 37.20 

315 198 596.2 23.6 23.91326 0.041818 0.528346 309.9921 0.12 37.20 

320 198 596.2 23.6 23.91326 0.041818 0.536733 309.9921 0.10 31.00 

325 198 596.2 23.6 23.91326 0.041818 0.545119 309.9921 0.08 24.80 

330 198 596.2 23.6 23.91326 0.041818 0.553506 309.9921 0.08 24.80 

335 198 596.2 23.6 23.91326 0.041818 0.561892 309.9921 0.07 21.70 

340 198 596.2 23.6 23.91326 0.041818 0.570278 309.9921 0.60 186.00 

345 198 596.2 23.6 23.91326 0.041818 0.578665 309.9921 0.05 15.50 

350 198 596.2 23.6 23.91326 0.041818 0.587051 309.9921 0.05 15.50 

355 198 596.2 23.6 23.91326 0.041818 0.595438 309.9921 0.04 12.40 

360 198 596.2 23.6 23.91326 0.041818 0.603824 309.9921 0.03 9.30 

365 198 596.2 23.6 23.91326 0.041818 0.612211 309.9921 0.02 6.20 

[bmim][BF4] 9 

283.15 226 643.2 20.4 20.67079 0.048377 0.440221 296.7508 0.14 41.55 

293.15 226 643.2 20.4 20.67079 0.048377 0.455768 296.7508 0.14 41.55 

303.15 226 643.2 20.4 20.67079 0.048377 0.471315 296.7508 0.14 41.55 

313.15 226 643.2 20.4 20.67079 0.048377 0.486863 296.7508 0.13 38.58 

323.15 226 643.2 20.4 20.67079 0.048377 0.50241 296.7508 0.12 35.61 

333.15 226 643.2 20.4 20.67079 0.048377 0.517957 296.7508 0.12 35.61 

343.15 226 643.2 20.4 20.67079 0.048377 0.533504 296.7508 0.10 29.68 

353.15 226 643.2 20.4 20.67079 0.048377 0.549052 296.7508 0.08 23.74 

363.15 226 643.2 20.4 20.67079 0.048377 0.564599 296.7508 0.07 20.77 

 [bmim][PF6] 10 
288.15 284.2 719.4 17.3 17.52964 0.057046 0.400542 292.6328 0.14 40.97 

293.15 284.2 719.4 17.3 17.52964 0.057046 0.407492 292.6328 0.14 40.97 
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296.15 284.2 719.4 17.3 17.52964 0.057046 0.411662 292.6328 0.14 40.97 

298.15 284.2 719.4 17.3 17.52964 0.057046 0.414443 292.6328 0.13 38.04 

301.15 284.2 719.4 17.3 17.52964 0.057046 0.418613 292.6328 0.12 35.12 

303.15 284.2 719.4 17.3 17.52964 0.057046 0.421393 292.6328 0.12 35.12 

305.15 284.2 719.4 17.3 17.52964 0.057046 0.424173 292.6328 0.10 29.26 

308.15 284.2 719.4 17.3 17.52964 0.057046 0.428343 292.6328 0.08 23.41 

311.15 284.2 719.4 17.3 17.52964 0.057046 0.432513 292.6328 0.07 20.48 

313.15 284.2 719.4 17.3 17.52964 0.057046 0.435293 292.6328 0.07 20.48 

[emim][PF6] 3 

343.1 256.1 508.8 19.5 19.75884 0.05061 0.674332 318.7464 0.07 22.31 

353.1 256.1 508.8 19.5 19.75884 0.05061 0.693986 318.7464 0.06 19.12 

363.1 256.1 508.8 19.5 19.75884 0.05061 0.71364 318.7464 0.06 19.12 

[dmim][bti] 8 

283.15 377.3 1239.9 35.8 36.27521 0.027567 0.228365 500.0456 0.13 65.01 

293.15 377.3 1239.9 35.8 36.27521 0.027567 0.23643 500.0456 0.12 60.01 

303.15 377.3 1239.9 35.8 36.27521 0.027567 0.244496 500.0456 0.10 50.00 

313.15 377.3 1239.9 35.8 36.27521 0.027567 0.252561 500.0456 0.08 40.00 

323.15 377.3 1239.9 35.8 36.27521 0.027567 0.260626 500.0456 0.07 35.00 

333.15 377.3 1239.9 35.8 36.27521 0.027567 0.268691 500.0456 0.07 35.00 

343.15 377.3 1239.9 35.8 36.27521 0.027567 0.276756 500.0456 0.07 35.00 

353.15 377.3 1239.9 35.8 36.27521 0.027567 0.284821 500.0456 0.06 30.00 

[dmim][bf4] 1 298.15 310 784.6 14.5 14.69247 0.068062 0.380003 267.7894 0.06 16.07 

[C8mim] 
[BF4] 

17 

283.15 282.13 726.1 16 16.21238 0.061681 0.38996 276.3422 0.13 35.92 

288.15 282.13 726.1 16 16.21238 0.061681 0.396846 276.3422 0.12 33.16 

293.15 282.13 726.1 16 16.21238 0.061681 0.403732 276.3422 0.12 33.16 

298.15 282.13 726.1 16 16.21238 0.061681 0.410618 276.3422 0.10 27.63 

303.15 282.13 726.1 16 16.21238 0.061681 0.417504 276.3422 0.08 22.11 

308.15 282.13 726.1 16 16.21238 0.061681 0.424391 276.3422 0.07 19.34 

313.15 282.13 726.1 16 16.21238 0.061681 0.431277 276.3422 0.07 19.34 

318.15 282.13 726.1 16 16.21238 0.061681 0.438163 276.3422 0.07 19.34 

323.15 282.13 726.1 16 16.21238 0.061681 0.445049 276.3422 0.06 16.58 

328.15 282.13 726.1 16 16.21238 0.061681 0.451935 276.3422 0.06 16.58 

333.15 282.13 726.1 16 16.21238 0.061681 0.458821 276.3422 0.13 35.92 
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338.15 282.13 726.1 16 16.21238 0.061681 0.465707 276.3422 0.12 33.16 

343.15 282.13 726.1 16 16.21238 0.061681 0.472593 276.3422 0.10 27.63 

348.15 282.13 726.1 16 16.21238 0.061681 0.479479 276.3422 0.08 22.11 

353.15 282.13 726.1 16 16.21238 0.061681 0.486366 276.3422 0.07 19.34 

358.15 282.13 726.1 16 16.21238 0.061681 0.493252 276.3422 0.07 19.34 

363.15 282.13 726.1 16 16.21238 0.061681 0.500138 276.3422 0.07 19.34 

[bmim][TFES] 1 298 320 1030.5 25.7 26.04114 0.038401 0.28918 380.7714 0.08 31.98 

[emim][TFES] 1 298 433 1171 15.6 15.80707 0.063263 0.254483 310.8442 0.08 26.22 

[nmim][bti] 1 298 490 1331.2 19.8 20.06282 0.049843 0.223858 379.4398 0.08 32.15 

[pmim][bti] 1 298 433 1281.1 25.6 25.93981 0.038551 0.232613 426.0384 0.09 36.25 

[bmim][Cl] 1 298 174.7 789 27.8 28.16901 0.0355 0.377693 309.9598 0.09 26.49 

[C12mim][Cl] 1 298 286.9 951.5 16 16.21238 0.061681 0.31319 266.3907 0.09 22.86 

[dmprim][bti] 16 290 419 1269.7 27.5 27.86503 0.035887 0.2284 440.2377 0.07 31.47 

  295 419 1269.7 27.5 27.86503 0.035887 0.232338 440.2377 0.07 30.40 

  300 419 1269.7 27.5 27.86503 0.035887 0.236276 440.2377 0.07 29.33 

  305 419 1269.7 27.5 27.86503 0.035887 0.240214 440.2377 0.06 28.27 

  310 419 1269.7 27.5 27.86503 0.035887 0.244152 440.2377 0.06 27.20 

  315 419 1269.7 27.5 27.86503 0.035887 0.24809 440.2377 0.06 26.14 

  320 419 1269.7 27.5 27.86503 0.035887 0.252028 440.2377 0.06 25.07 

  325 419 1269.7 27.5 27.86503 0.035887 0.255966 440.2377 0.05 24.01 

  330 419 1269.7 27.5 27.86503 0.035887 0.259904 440.2377 0.05 22.94 

  335 419 1269.7 27.5 27.86503 0.035887 0.263842 440.2377 0.05 21.88 

  340 419 1269.7 27.5 27.86503 0.035887 0.26778 440.2377 0.05 20.81 

  345 419 1269.7 27.5 27.86503 0.035887 0.271718 440.2377 0.04 19.74 

  350 419 1269.7 27.5 27.86503 0.035887 0.275656 440.2377 0.04 18.68 

  355 419 1269.7 27.5 27.86503 0.035887 0.279594 440.2377 0.04 17.61 

  360 419 1269.7 27.5 27.86503 0.035887 0.283532 440.2377 0.04 16.55 

  365 419 1269.7 27.5 27.86503 0.035887 0.287469 440.2377 0.04 15.48 

[bmpyr][bti] 9 283.1 422 1209.2 24.8 25.12919 0.039794 0.234122 415.7666 0.03 13.61 

  
293.1 422 1209.2 24.8 25.12919 0.039794 0.242392 415.7666 0.03 12.61 

  
298.1 422 1209.2 24.8 25.12919 0.039794 0.246527 415.7666 0.03 11.60 
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303.1 422 1209.2 24.8 25.12919 0.039794 0.250662 415.7666 0.03 10.60 

  
313.1 422 1209.2 24.8 25.12919 0.039794 0.258932 415.7666 0.02 9.59 

  
323.1 422 1209.2 24.8 25.12919 0.039794 0.267201 415.7666 0.02 8.58 

  
333.1 422 1209.2 24.8 25.12919 0.039794 0.275471 415.7666 0.02 7.58 

  
343.1 422 1209.2 24.8 25.12919 0.039794 0.283741 415.7666 0.02 6.57 

  
353.1 422 1209.2 24.8 25.12919 0.039794 0.292011 415.7666 0.01 5.56 
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Lewis & Squires Method 

IL 
Known  

Viscosity at T(K) 
Data 

Points 
Temperature(K) M Tc(K) Pc(bar) Pc(atm) 

µL^-
0.2661 

µ 

[emim][BF4] Vk at 290k=46cP 16 

290 198 596.2 23.6 23.91326376 0.3610274 52.74 

295 198 596.2 23.6 23.91326376 0.3824866 48.00 

300 198 596.2 23.6 23.91326376 0.4039458 43.90 

305 198 596.2 23.6 23.91326376 0.4254051 40.35 

310 198 596.2 23.6 23.91326376 0.4468643 37.23 

315 198 596.2 23.6 23.91326376 0.4683235 34.49 

320 198 596.2 23.6 23.91326376 0.4897827 32.06 

325 198 596.2 23.6 23.91326376 0.511242 29.89 

330 198 596.2 23.6 23.91326376 0.5327012 27.95 

335 198 596.2 23.6 23.91326376 0.5541604 26.21 

340 198 596.2 23.6 23.91326376 0.5756197 24.63 

345 198 596.2 23.6 23.91326376 0.5970789 23.20 

350 198 596.2 23.6 23.91326376 0.6185381 21.90 

355 198 596.2 23.6 23.91326376 0.6399973 20.72 

360 198 596.2 23.6 23.91326376 0.6614566 19.63 

365 198 596.2 23.6 23.91326376 0.6829158 18.63 

[bmim][BF4] Vk at 283.15k=277cP 9 

283.15 226 643.2 20.4 20.67078731 0.2239011 115.02 

293.15 226 643.2 20.4 20.67078731 0.2668195 86.39 

303.15 226 643.2 20.4 20.67078731 0.309738 67.72 

313.15 226 643.2 20.4 20.67078731 0.3526564 54.80 

323.15 226 643.2 20.4 20.67078731 0.3955749 45.43 

333.15 226 643.2 20.4 20.67078731 0.4384933 38.40 

343.15 226 643.2 20.4 20.67078731 0.4814118 32.97 

353.15 226 643.2 20.4 20.67078731 0.5243302 28.68 

363.15 226 643.2 20.4 20.67078731 0.5672487 25.23 

 [bmim][PF6] Vk at 288.15k=400.2cP 10 288.15 284.2 719.4 17.3 17.52963826 0.2030178 134.94 
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293.15 284.2 719.4 17.3 17.52963826 0.224477 114.53 

296.15 284.2 719.4 17.3 17.52963826 0.2373525 104.57 

298.15 284.2 719.4 17.3 17.52963826 0.2459362 98.68 

301.15 284.2 719.4 17.3 17.52963826 0.2588118 90.79 

303.15 284.2 719.4 17.3 17.52963826 0.2673955 86.08 

305.15 284.2 719.4 17.3 17.52963826 0.2759792 81.76 

308.15 284.2 719.4 17.3 17.52963826 0.2888547 75.89 

311.15 284.2 719.4 17.3 17.52963826 0.3017302 70.68 

313.15 284.2 719.4 17.3 17.52963826 0.3103139 67.52 

[emim][PF6] Vk at 343.1k=23.4cP 3 

343.1 256.1 508.8 19.5 19.75884081 0.4321671 39.32 

353.1 256.1 508.8 19.5 19.75884081 0.4750855 33.69 

363.1 256.1 508.8 19.5 19.75884081 0.518004 29.26 

[dmim][bti] Vk at 283k=77.06cP 8 

283.15 377.3 1239.9 35.8 36.27520519 0.3153569 65.76 

293.15 377.3 1239.9 35.8 36.27520519 0.3582753 53.40 

303.15 377.3 1239.9 35.8 36.27520519 0.4011938 44.40 

313.15 377.3 1239.9 35.8 36.27520519 0.4441122 37.61 

323.15 377.3 1239.9 35.8 36.27520519 0.4870307 32.35 

333.15 377.3 1239.9 35.8 36.27520519 0.5299491 28.19 

343.15 377.3 1239.9 35.8 36.27520519 0.5728676 24.82 

353.15 377.3 1239.9 35.8 36.27520519 0.615786 22.06 

[C8mim] 
[BF4] 

Vk at 283.15k = 
1036.98cP 

17 

283.15 282.13 726.1 16 16.21238221 0.1575809 204.05 

288.15 282.13 726.1 16 16.21238221 0.1790401 165.67 

293.15 282.13 726.1 16 16.21238221 0.2004993 137.72 

298.15 282.13 726.1 16 16.21238221 0.2219586 116.66 

303.15 282.13 726.1 16 16.21238221 0.2434178 100.35 

308.15 282.13 726.1 16 16.21238221 0.264877 87.42 

313.15 282.13 726.1 16 16.21238221 0.2863362 76.99 

318.15 282.13 726.1 16 16.21238221 0.3077955 68.42 

323.15 282.13 726.1 16 16.21238221 0.3292547 61.29 

328.15 282.13 726.1 16 16.21238221 0.3507139 55.29 

333.15 282.13 726.1 16 16.21238221 0.3721731 50.19 
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338.15 282.13 726.1 16 16.21238221 0.3936324 45.80 

343.15 282.13 726.1 16 16.21238221 0.4150916 42.00 

348.15 282.13 726.1 16 16.21238221 0.4365508 38.68 

353.15 282.13 726.1 16 16.21238221 0.4580101 35.77 

358.15 282.13 726.1 16 16.21238221 0.4794693 33.19 

363.15 282.13 726.1 16 16.21238221 0.5009285 30.90 

[dmprim][bti] Vk at 290 = 131 cP 16 290 419 1269.7 27.5 27.86503192 0.2727299 83.35 

   
295 419 1269.7 27.5 27.86503192 0.2941891 73.66 

   
300 419 1269.7 27.5 27.86503192 0.3156484 65.67 

   
305 419 1269.7 27.5 27.86503192 0.3371076 58.98 

   
310 419 1269.7 27.5 27.86503192 0.3585668 53.33 

   
315 419 1269.7 27.5 27.86503192 0.3800261 48.50 

   
320 419 1269.7 27.5 27.86503192 0.4014853 44.34 

   
325 419 1269.7 27.5 27.86503192 0.4229445 40.73 

   
330 419 1269.7 27.5 27.86503192 0.4444037 37.57 

   
335 419 1269.7 27.5 27.86503192 0.465863 34.79 

   
340 419 1269.7 27.5 27.86503192 0.4873222 32.32 

   
345 419 1269.7 27.5 27.86503192 0.5087814 30.13 

   
350 419 1269.7 27.5 27.86503192 0.5302407 28.16 

   
355 419 1269.7 27.5 27.86503192 0.5516999 26.40 

   
360 419 1269.7 27.5 27.86503192 0.5731591 24.80 

   
365 419 1269.7 27.5 27.86503192 0.5946183 23.36 

[bmpyr][bti] Vk at 283.15= 167.8 cP 10 283.1 282.13 726.1 16 16.21238221 0.2556339 92.64 

   
293.1 282.13 726.1 16 16.21238221 0.2985524 71.91 

   
298.1 282.13 726.1 16 16.21238221 0.3200116 64.21 

   
303.1 282.13 726.1 16 16.21238221 0.3414708 57.76 

   
313.1 282.13 726.1 16 16.21238221 0.3843893 47.61 

   
323.1 282.13 726.1 16 16.21238221 0.4273077 40.06 

   
333.1 282.13 726.1 16 16.21238221 0.4702262 34.26 

   
343.1 282.13 726.1 16 16.21238221 0.5131446 29.71 

   
353.1 282.13 726.1 16 16.21238221 0.5560631 26.06 
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Unified Equation for the Viscosity of Pure Liquids 
IL Temperature(K) M Vc Tm Tc(K) Pc(atm) Ѡ Tr µ 

[emim][BF4] 

290.00 198.00 540.80 240.00 596.20 23.91 0.81 0.49 44.13 

295.00 198.00 540.80 240.00 596.20 23.91 0.81 0.49 43.07 

300.00 198.00 540.80 240.00 596.20 23.91 0.81 0.50 42.08 

305.00 198.00 540.80 240.00 596.20 23.91 0.81 0.51 41.14 

310.00 198.00 540.80 240.00 596.20 23.91 0.81 0.52 40.26 

315.00 198.00 540.80 240.00 596.20 23.91 0.81 0.53 39.44 

320.00 198.00 540.80 240.00 596.20 23.91 0.81 0.54 38.66 

325.00 198.00 540.80 240.00 596.20 23.91 0.81 0.55 37.92 

330.00 198.00 540.80 240.00 596.20 23.91 0.81 0.55 37.22 

335.00 198.00 540.80 240.00 596.20 23.91 0.81 0.56 36.56 

340.00 198.00 540.80 240.00 596.20 23.91 0.81 0.57 35.94 

345.00 198.00 540.80 240.00 596.20 23.91 0.81 0.58 35.35 

350.00 198.00 540.80 240.00 596.20 23.91 0.81 0.59 34.78 

355.00 198.00 540.80 240.00 596.20 23.91 0.81 0.60 34.25 

360.00 198.00 540.80 240.00 596.20 23.91 0.81 0.60 33.74 

365.00 198.00 540.80 240.00 596.20 23.91 0.81 0.61 33.25 

[bmim][BF4] 

323.15 226.00 655.00 200.00 643.20 20.67 0.89 0.50 268.60 

333.15 226.00 655.00 200.00 643.20 20.67 0.89 0.52 261.13 

343.15 226.00 655.00 200.00 643.20 20.67 0.89 0.53 25.44 

353.15 226.00 655.00 200.00 643.20 20.67 0.89 0.55 24.83 

363.15 226.00 655.00 200.00 643.20 20.67 0.89 0.56 24.28 

288.15 226.00 655.00 200.00 643.20 20.67 0.89 0.45 30.24 

293.15 226.00 655.00 200.00 643.20 20.67 0.89 0.46 29.67 

296.15 226.00 655.00 200.00 643.20 20.67 0.89 0.46 29.34 

298.15 226.00 655.00 200.00 643.20 20.67 0.89 0.46 29.13 

 [bmim][PF6] 

288.15 284.20 762.50 198.54 719.40 17.53 0.79 0.40 302.69 

293.15 284.20 762.50 198.54 719.40 17.53 0.79 0.41 297.03 

296.15 284.20 762.50 198.54 719.40 17.53 0.79 0.41 293.79 
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298.15 284.20 762.50 198.54 719.40 17.53 0.79 0.41 291.69 

301.15 284.20 762.50 198.54 719.40 17.53 0.79 0.42 288.64 

303.15 284.20 762.50 198.54 719.40 17.53 0.79 0.42 286.67 

305.15 284.20 762.50 198.54 719.40 17.53 0.79 0.42 284.74 

308.15 284.20 762.50 198.54 719.40 17.53 0.79 0.43 281.92 

311.15 284.20 762.50 198.54 719.40 17.53 0.79 0.43 279.20 

313.15 284.20 762.50 198.54 719.40 17.53 0.79 0.44 277.44 

[emim][PF6] 

343.10 256.10 648.30 154.60 508.80 19.76 0.71 0.67 20.01 

353.10 256.10 648.30 154.60 508.80 19.76 0.71 0.69 19.70 

363.10 256.10 648.30 154.60 508.80 19.76 0.71 0.71 19.42 

[dmim][bti] 

283.15 377.30 818.80 154.60 1239.90 36.28 0.18 0.23 23.59 

293.15 377.30 818.80 154.60 1239.90 36.28 1.18 0.24 22.98 

303.15 377.30 818.80 154.60 1239.90 36.28 2.18 0.24 22.43 

313.15 377.30 818.80 154.60 1239.90 36.28 3.18 0.25 21.95 

323.15 377.30 818.80 154.60 1239.90 36.28 4.18 0.26 21.51 

333.15 377.30 818.80 154.60 1239.90 36.28 5.18 0.27 21.12 

343.15 377.30 818.80 154.60 1239.90 36.28 6.18 0.28 20.77 

353.15 377.30 818.80 154.60 1239.90 36.28 7.18 0.28 20.45 

[dmim][bf4] 298.15 310.00 997.70 203.12 784.60 14.69 1.08 0.38 26.37 

[C8mim] [BF4] 

283.15 282.13 812.30 263.88 726.10 16.21 1.00 0.39 50.59 

288.15 282.13 812.30 263.88 726.10 16.21 1.00 0.40 49.14 

293.15 282.13 812.30 263.88 726.10 16.21 1.00 0.40 47.79 

298.15 282.13 812.30 263.88 726.10 16.21 1.00 0.41 46.52 

303.15 282.13 812.30 263.88 726.10 16.21 1.00 0.42 45.33 

308.15 282.13 812.30 263.88 726.10 16.21 1.00 0.42 44.22 

313.15 282.13 812.30 263.88 726.10 16.21 1.00 0.43 43.17 

318.15 282.13 812.30 263.88 726.10 16.21 1.00 0.44 42.19 

323.15 282.13 812.30 263.88 726.10 16.21 1.00 0.45 41.26 

328.15 282.13 812.30 263.88 726.10 16.21 1.00 0.45 40.39 

333.15 282.13 812.30 263.88 726.10 16.21 1.00 0.46 39.56 

338.15 282.13 812.30 263.88 726.10 16.21 1.00 0.47 38.78 
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343.15 282.13 812.30 263.88 726.10 16.21 1.00 0.47 38.04 

348.15 282.13 812.30 263.88 726.10 16.21 1.00 0.48 37.34 

353.15 282.13 812.30 263.88 726.10 16.21 1.00 0.49 36.67 

358.15 282.13 812.30 263.88 726.10 16.21 1.00 0.49 36.04 

363.15 282.13 812.30 263.88 726.10 16.21 1.00 0.50 35.44 

[bmim][TFES] 298.15 320.00 827.80 201.25 1030.50 26.04 0.46 0.29 29.92 

[emim][TFES] 298.15 433.00 713.60 234.25 1171.00 15.81 0.81 0.25 49.82 

[nmim][bti] 298.15 490.00 1275.70 139.25 1331.20 20.06 0.53 0.22 17.04 

[pmim][bti] 298.15 433.00 1161.50 201.24 1281.10 25.94 0.34 0.23 27.74 

[bmim][Cl] 298.15 174.70 568.80 201.37 789.00 28.17 0.49 0.38 28.46 

[C12mim][Cl] 298.15 286.90 1025.60 200.12 951.50 16.21 0.82 0.31 24.33 

[dmprim][bti] 290.00 419.00 1023.70 259.88 1269.70 27.87 0.32 0.23 49.14 

 
295.00 419.00 1023.70 269.88 1269.70 27.87 1.32 0.23 51.78 

 
300.00 419.00 1023.70 269.88 1269.70 27.87 2.32 0.24 50.39 

 
305.00 419.00 1023.70 269.88 1269.70 27.87 3.32 0.24 49.08 

 
310.00 419.00 1023.70 269.88 1269.70 27.87 4.32 0.24 47.86 

 
315.00 419.00 1023.70 269.88 1269.70 27.87 5.32 0.25 46.71 

 
320.00 419.00 1023.70 269.88 1269.70 27.87 6.32 0.25 45.63 

 
325.00 419.00 1023.70 269.88 1269.70 27.87 7.32 0.26 44.61 

 
330.00 419.00 1023.70 269.88 1269.70 27.87 8.32 0.26 43.64 

 
335.00 419.00 1023.70 269.88 1269.70 27.87 9.32 0.26 42.74 

 
340.00 419.00 1023.70 269.88 1269.70 27.87 10.32 0.27 41.88 

 
345.00 419.00 1023.70 269.88 1269.70 27.87 11.32 0.27 41.06 

 
350.00 419.00 1023.70 269.88 1269.70 27.87 12.32 0.28 40.29 

 
355.00 419.00 1023.70 269.88 1269.70 27.87 13.32 0.28 39.56 

 
360.00 419.00 1023.70 269.88 1269.70 27.87 14.32 0.28 38.87 

 
365.00 419.00 1023.70 269.88 1269.70 27.87 15.32 0.29 38.21 

[bmpyr][bti] 283.10 422.00 1038.80 273.12 1209.20 25.13 0.32 0.23 56.66 

 
293.10 422.00 1038.80 273.12 1209.20 25.13 1.32 0.24 53.37 

 
298.10 422.00 1038.80 273.12 1209.20 25.13 2.32 0.25 51.89 

 
303.10 422.00 1038.80 273.12 1209.20 25.13 3.32 0.25 50.51 
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313.10 422.00 1038.80 273.12 1209.20 25.13 4.32 0.26 47.99 

 
323.10 422.00 1038.80 273.12 1209.20 25.13 5.32 0.27 45.77 

 
333.10 422.00 1038.80 273.12 1209.20 25.13 6.32 0.28 43.79 

 
343.10 422.00 1038.80 273.12 1209.20 25.13 7.32 0.28 42.03 

 
353.10 422.00 1038.80 273.12 1209.20 25.13 8.32 0.29 40.44 

 

 


