
1

Supporting Information

Understanding the Microscopic Behavior of Binary Mixtures of Ionic Liquids 
Through Various Spectroscopic Techniques

Manjari Chakraborty,[a] Tasnim Ahmed,[b]Ranu Satish Dhale,[a] Debashis Majhi[a]and 
Moloy Sarkar[a]

[a]Manjari Chakraborty, Ranu Satish Dhale, Debashis Majhi, Dr. Moloy Sarkar 
School of Chemical Sciences, National Institute of Science Education and 
Research,Bhubaneswar 751005, India,
Email: moloysarkar@gmail.com

[b]Tasnim Ahmed
Department of chemistry, University of Hyderabad, Hyderabad – 500046, India.

mailto:moloysarkar@gmail.com


2

Supporting Information

Table S1. Fitting Parameters for Viscosity Measurements

Systems A0 A1 R2

[BMIM] [BF4] -4.40 ± 0.16 2030.13 ± 50.62 0.99
[BMIM] [PF6] -4.52 ± 0.19 2011.13 ± 59.16 0.99

[BMIM] [NTF2]
Mix I (A)

-3.81 ± 0.12
-2.09 ± 0.22

1652.01 ± 36.44
1254.77 ± 68.66

0.98
0.98

Mix I (B)
Mix I (C)
Mix II (A)
Mix II (B)

-4.29 ± 0.22
-5.96 ± 0.09
-1.76 ± 0.03
-1.57 ± 0.23

1921.16 ± 67.45
2423.41 ± 29.86
1081.91 ± 10.89
1025.02 ± 70.35

0.99
0.99
0.98
0.99

Mix II (C)
Mix III (A)

-4.09 ± 0.15
-3.79 ± 0.23

1945.86 ± 40.46
1652.40 ± 34.11

0.98
0.99

Mix III (B)
Mix III (C)

-3.67 ± 0.12
-3.73 ± 0.23

1633.86 ± 36.32
1655.01 ± 46.99

0.98
0.99

Table S2. Fitting Parameters for Density Measurements

Systems A2 A3  10-3× R2

[BMIM] [BF4] 1.37 ± 0.01 -0.91 ± 4.12 0.99
[BMIM] [PF6] 1.40 ± 0.01 -0.77 ± 3.56 0.98

[BMIM] [NTF2]
Mix I (A)

1.66 ± 0.01
1.69 ± 0.007

-0.76 ± 3.05
-1.48 ± 2.30

0.99
0.98

Mix I (B)
Mix I (C)
Mix II (A)
Mix II (B)

1.57 ± 0.01
1.80 ± 0.01
1.78 ± 0.04
1.86 ± 0.03

-1.01 ± 4.61
-1.66 ± 5.03
-1.41 ± 1.56
-1.62 ± 1.02

0.99
0.99
0.98
0.99

Mix II (C)
Mix III (A)

1.70 ± 0.02
1.85 ± 0.005

-0.98 ± 2.30
-1.82 ± 1.67

0.98
0.99

Mix III (B)
Mix III (C)

1.67 ± 0.01
1.79 ± 0.01

-1.15 ± 5.03
-1.46 ± 5.03

0.99
0.98
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MIX II (A)
 [BMIM][PF6]
 [BMIM][NTF2]
 VFT Fit

 
c

P)

T (K)

Model VFT
Equation y = pow( 10, A + B/(x-x0) );
Plot DSIL II (A) [BMIM][PF6] [BMIM][NTF2]
A -1.81875 ± 0.71197 -0.12603 ± 0.15783 -0.56992 ± 0.2105
B 1100.03182 ± 437.49 225.64814 ± 32.3412 262.90226 ± 51.8348
x0 0 ± 61.0381 201.81983 ± 7.29389 182.16527 ± 12.0750
Reduced Chi-Sqr 0.08604 0.85915 0.08767
R-Square(COD) 0.99981 0.99984 0.99976
Adj. R-Square 0.99974 0.99977 0.99966
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 MIX II (B)
 [BMIM][PF6]
 [BMIM][NTF2]
 VFT fit 

c
P)

T (K)

Model VFT
Equation y = pow( 10, A + B/(x-x0) );
Plot DSIL II (B) [BMIM][PF6] [BMIM][NTF2]
A -1.83847 ± 0.90011 -0.12603 ± 0.15783 -0.56992 ± 0.2105
B 1105.80324 ± 553.085 225.64814 ± 32.341 262.90226 ± 51.834
x0 0 ± 76.75814 201.81983 ± 7.2938 182.16527 ± 12.075
Reduced Chi-S 0.1368 0.85915 0.08767
R-Square(COD) 0.99971 0.99984 0.99976
Adj. R-Square 0.99959 0.99977 0.99966
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 MIX II (C)
 [BMIM][PF6]
 [BMIM][NTF2]
 VFT fit

 
c

P)

T (K)

Model VFT
Equation y = pow( 10, A + B/(x-x0) );
Plot DSIL II (C)  [BMIM][PF6] [BMIM][NTF2]
A -0.42283 ± 0.16718 -0.12603 ± 0.15783 -0.56992 ± 0.2105
B 265.62314 ± 37.9200 225.64814 ± 32.3412 262.90226 ± 51.8348
x0 191.13511 ± 8.05039 201.81983 ± 7.29389 182.16527 ± 12.0750
Reduced Chi-Sqr 0.33109 0.85915 0.08767
R-Square(COD) 0.99986 0.99984 0.99976
Adj. R-Square 0.99981 0.99977 0.99966
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MIX III (A)
 [BMIM][BF4]
 [BMIM][NTF2]
 VFT fit 

c
P)

T (K)

Model VFT
Equation y = pow( 10, A + B/(x-x0) );
Plot DSIL III (A) [BMIM][BF4] [BMIM][NTF2]
A -4.02759 ± 1.83641 -0.47099 ± 0.06812 -2.03822 ± 0.69761
B 1721.51763 ± 1122.889 235.75946 ± 14.259 674.74592 ± 263.445
x0 0 ± 99.62507 199.63051 ± 3.1451 116.52161 ± 36.7822
Reduced Chi-Sq 0.21761 0.03791 0.14873
R-Square(COD) 0.99956 0.99997 0.9996
Adj. R-Square 0.99938 0.99996 0.99944
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 MIX III (B)
 [BMIM][BF4]
 [BMIM][NTF2]
 VFT fit 

c
P)

T (K)

Model VFT
Equation y = pow( 10, A + B/(x-x0) );
Plot DSIL III (B) [BMIM][BF4] [BMIM][NTF2]
A -0.53301 ± 0.15691 -0.47099 ± 0.06812 -2.03822 ± 0.69761
B 268.15383 ± 38.10 235.75946 ± 14.259 674.74592 ± 263.445
x0 183.69072 ± 8.580 199.63051 ± 3.1451 116.52161 ± 36.7822
Reduced Chi-Sq 0.08222 0.03791 0.14873
R-Square(COD) 0.99987 0.99997 0.9996
Adj. R-Square 0.99982 0.99996 0.99944
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 MIX III (C)
 [BMIM][BF4]
 [BMIM][NTF2]
 VFT fit

 
c

P)

T (K)

Model VFT
Equation y = pow( 10, A + B/(x-x0) );
Plot DSIL III (C) [BMIM][BF4] [BMIM][NTF2]
A -4.17317 ± 3.40104 -0.47099 ± 0.06812 -2.03822 ± 0.69761
B 1794.42517 ± 2078.390 235.75946 ± 14.259 674.74592 ± 263.445
x0 0 ± 176.80742 199.63051 ± 3.1451 116.52161 ± 36.7822
Reduced Chi-S 1.1231 0.03791 0.14873
R-Square(COD) 0.99865 0.99997 0.9996
Adj. R-Square 0.99811 0.99996 0.99944

Figure S1.Variation of the bulk viscosity of [BMIM][BF4], [BMIM][PF6],  [BMIM][NTF2], Mix 
II(A), Mix II (B), Mix II (C), Mix III(A), Mix III (B) and Mix III (C)  with temperature and its 
fitting with VFT equation.

Figure S2.Overlay spectra illustrating the thermal decay of a solution of SP in Mix II and Mix III after 
exposure to UV irradiation.
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Figure S3.First-order kinetic plot for the thermal relaxation of the SP isomer in a) Mix II b) Mix 

III after 5 min UV irradiation.

Figure S4. Normalised (a) absorption and (b)emission (λexc= 375 nm) spectra of C153 in Mix II, 

[BMIM][NTF2] and [BMIM][PF6].
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Figure S5. Normalised (a) absorption and (b)emission (λexc= 375 nm) spectra of C153 in 

[BMIM][NTF2], [BMIM][BF4] and Mix III.
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Figure S6.Plot of aN/G value of TEMPO in a)[BMIM][NTF2], [BMIM][PF6] and Mix II (C) b) 

[BMIM][BF4], [BMIM][NTF2] and Mix III (B). The green stars indicate the values 

corresponding to the known solvents.
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Figure S7. Log(τr) vs. log(ɳ/T) plot of perylene in  (a) Mix II and (b) Mix III with stick and slip 
boundary condition limits. The solid black lines indicate the fit to the data points. The 
composition of (IL+IL) mixtures are Mix II (A) : [BMIM]PF6]0.4[NTF2]0.6 ,  Mix II (B) : 
[BMIM]PF6]0.6[NTF2]0.8 ,   Mix II (C) : [BMIM]PF6]0.8[NTF2]0.2 , Mix III (A) : 
[BMIM][BF4]0.4[NTF2]0.6 , Mix III (B) : [BMIM][BF4]0.6[NTF2]0.4 and Mix III (C) : 
[BMIM][BF4]0.8[NTF2]0.2.
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Figure S8. Log(τr) vs. log(ɳ/T) plot of MPTS in  (a) Mix II and (b) Mix III with stick and slip 
boundary condition limits. The solid black lines indicate the fit to the data points. The 
composition of (IL+IL) mixtures are Mix II (A) : [BMIM]PF6]0.4[NTF2]0.6 ,  Mix II (B) : 
[BMIM]PF6]0.6[NTF2]0.8 ,   Mix II (C) : [BMIM]PF6]0.8[NTF2]0.2 , Mix III (A) : 
[BMIM][BF4]0.4[NTF2]0.6 , Mix III (B) : [BMIM][BF4]0.6[NTF2]0.4 and Mix III (C) : 
[BMIM][BF4]0.8[NTF2]0.2.


