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1H NMR spectroscopic and thermodynamic studies of hydrogen bonding in liquid n-butanol + cyclohexane, tert-butanol + cyclohexane, and n-butanol + pyridine mixtures
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1H NMR chemical shifts OH of the proton in the hydroxyl group of n-butanol and tert-butanol have been measured as function of mixture composition in the binary mixtures n-butanol + cyclohexane, tert-butanol + cyclohexane, and n-butanol + pyridine at 303, 313 and 323 K. In addition the molar excess enthalpy HE of n-butanol + pyridine has been determined as function of the mixture composition at 298 K using a flow calorimeter.                                                      

The ERAS (extended real associated solution) model has been applied for describing simultaneously the data of OH and HE for n-butanol + cyclohexane accounting for self association of n-butanol via hydrogen bonding. The mixture of n-butanol + pyridine was treated similarly using the ERAS model considering self association of n-butanol as well as cross association of n-butanol with pyridine.                       

The results obtained indicate that self association in n-butanol and tert-butanol as well as cross association between n-butanol and pyridine play an important role in these mixtures. The ERAS model is able to describe the dependence of OH and HE on mixture composition and temperature for all mixtures with a minimum of adjustable parameters providing a realistic insight into the liquid structure of these systems.    
Table S1. Experimental chemical shifts OH of alcohol mixtures referred to TMS.              
 n-butanol(1) + cyclohexane(2)                        

T = 303 K                                             

OH / ppm  
x1                         

1.00 

0.009                                                  

2.07   

0.015  

3.64   

0.044  

3.74   

0.050  

3.89   

0.057  

4.02   

0.066  

4.27   

0.090  

4.46   

0.121  
4.45   

0.128 

4.53   

0.146           

4.71   

0.206                                                 

4.85   

0.327                                                 

4.88   

0.329                                                 

5.03   

0.540                                                 

5.16   

0.760                                                  

5.15   

1.000

T = 313 K                         
OH / ppm  
x1                         

0.80   

0.009  

2.86   

0.044                                                   

2.91   

0.050                                                  

3.18   

0.057                                                 

3.32   

0.066 

3.68   

0.090                                                   

3.95   

0.121                                                 

3.88   

0.128                                                                                                                  

4.02   

0.146                                                 

4.29   

0.206

4.48   

0.327

4.51   

0.329

4.72   

0.540                                                

4.90   

0.760

4.84   

1.000

T = 323 K                                  
OH / ppm  
x1                         

0.67   

0.009                                                   

2.06   

0.044                                                    

2.08   

0.050                                                    

2.49   

0.057                                                     

2.62   

0.066                                                   

3.00   

0.090                                                  

3.36   

0.121                                                  

3.31   

0.128  
3.50  

0.146
3.79  

0.206
4.05  

0.327
4.12  

0.329
4.41  

0.540
4.61  

0.760
4.59  

1.000
Table S1. continued     
tert-butanol(1) + cyclohexane(2)                      

T = 303 K                                             

OH / ppm 
x1  
0.76   

0.006                                                    

2.93   

0.045                                                   

3.46   

0.082                                                   

4.01   

0.177                                                 

4.10   

0.218                                              

4.21  

0.263

4.33  

0.402

4.43  

0.672

4.48  

0.842

4.51  

0.915

T = 313 K  
OH / ppm 
x1                                    

0.64  

0.006                                                   

2.14  

0.045                                                 

2.72  

0.082                                                   

3.46  

0.177                                                   

3.56  

0.218                                              

3.73   

0.263

3.89   

0.402   

4.01   

0.672

4.13   

0.842

4.20   

0.915

T = 323 K       
OH / ppm
x1  

0.61   

0.006                                                 

1.49   

0.045                                                   

2.05   

0.082  

2.84   

0.177                       

3.04   

0.218                                       

3.21   

0.263  

3.45   

0.402

3.72  

0.672                                                  

3.80  

0.842                            

3.85  

0.915       

Table S1. continued        
n-butanol(1) + pyridine(2)                           

T = 303 K                                             

OH / ppm
x1  

5.70   

0.021                                                     

5.73   

0.038                                                     

5.69   

0.087                                                     

5.65   

0.123                                                     

5.64   

0.229   
5.58  

0.380
5.50  

0.621
5.27  

0.932
5.15  

1.000
T = 313 K  
OH / ppm
x1  

5.46   

0.021                                                    

5.49   

0.038                                                   

5.45   

0.087                                                    

5.42   

0.123                                                    

5.41   

0.229  
5.35  

0.380

5.28  

0.621

5.05  

0.932

4.84  

1.000

T = 323 K              
OH / ppm
x1  

5.23   

0.021                                                  

5.23   

0.038  

5.21   

0.087                                                    

5.16   

0.123                                                  

5.18   

0.229                                                          

5.11  

0.380

5.03  

0.621                                                   

4.80  

0.932

4.59  

1.000

Table S2. Molar excess enthalpies HE of  n-butanol(1) + pyridine(2) mixtures at 298  K.                               

HE / J mol-1  
x1 

87.3   

0.089  

147.5  

0.181  

184.8  

0.274  

198.3  

0.370  

189.8  

0.469  

158.5  

0.569  

117.0  

0.673 

70.5   

0.779                                                                      

62.0  

0.80
52.2  

0.82
42.5  

0.84
33.8  

0.86
24.3  

0.88
16.8  

0.910
6.9   

0.932
0.7   

0.955
