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Fig. S1 Temperature-dependent relative population of H+(MeOH)n (n = 4 (top) – 8 

(bottom)). From the left to the right column, the levels of theory are B3LYP/6-31+G*, 

ωB97X-D/6-311+G(2d,p), and B3LYP/6-31+G*+D3. 

  



 

 

Fig. S2 Temperature-dependent relative population of H+(2-PrOH)4. From the left to the 

right column, the levels of theory are B3LYP/6-31+G*, ωB97X-D/6-311+G(2d,p), and 

B3LYP/6-31+G*+D3. 

 

  



 
 

Fig. S3 Temperature-dependent relative population of H+(t-BuOH)n (n = 4 (top) – 8 

(bottom)) From the left to the right column, the levels of theory are B3LYP/6-31+G*, 

ωB97X-D/6-311+G(2d,p), and B3LYP/6-31+G*+D3. In (c), (d), and (e), the relative 

population of the L structures are always 1 because they are much more stable than 

other structures. 



 

 

Fig. S4 The zero-point corrected relative energies of structurally distinct isomers of 

protonated alcohol tetramers. From top to bottom, H+(MeOH)4 (a-c), H+(EtOH)4 (d-f), 

H+(2-PrOH)4 (g-i), and H+(t-BuOH)4 (j-l). From the left to the right column, the levels 

of theory are B3LYP/6-31+G*, ωB97X-D/6-311+G(2d,p), and B3LYP/6-31+G*+D3. 

The abscissa is the numbering of the isomers. Two types of isomers are shown (C type 

= green and L type = red).  

 

  



 

 

Fig. S5 Simulated IR spectra of H+(MeOH)4. From the left to the right column, the 

levels of theory are B3LYP/6-31+G*, ωB97X-D/6-311+G(2d,p), and 

B3LYP/6-31+G*+D3.  



 

 

Fig. S6 Simulated IR spectra of H+(MeOH)5. From the left to the right column, the 

levels of theory are B3LYP/6-31+G*, ωB97X-D/6-311+G(2d,p), and 

B3LYP/6-31+G*+D3.  



 

 

Fig. S7 Simulated IR spectra of H+(MeOH)6. From the left to the right column, the 

levels of theory are B3LYP/6-31+G*, ωB97X-D/6-311+G(2d,p), and 

B3LYP/6-31+G*+D3.  



 

 

Fig. S8 Simulated IR spectra of H+(MeOH)7. From the left to the right column, the 

levels of theory are B3LYP/6-31+G*, ωB97X-D/6-311+G(2d,p), and 

B3LYP/6-31+G*+D3.  



 

 

Fig. S9 Simulated IR spectra of H+(MeOH)8. From the left to the right column, the 

levels of theory are B3LYP/6-31+G*, ωB97X-D/6-311+G(2d,p), and 

B3LYP/6-31+G*+D3.  



 

 

Fig. S10 Simulated IR spectra of H+(2-PrOH)4. From the left to the right column, the 

levels of theory are B3LYP/6-31+G*, ωB97X-D/6-311+G(2d,p), and 

B3LYP/6-31+G*+D3.  



 

 

Fig. S11 Simulated IR spectra of H+(t-BuOH)4. From the left to the right column, the 

levels of theory are B3LYP/6-31+G*, ωB97X-D/6-311+G(2d,p), and 

B3LYP/6-31+G*+D3.  



 

 

Fig. S12 Simulated IR spectra of H+(t-BuOH)5. From the left to the right column, the 

levels of theory are B3LYP/6-31+G*, ωB97X-D/6-311+G(2d,p), and 

B3LYP/6-31+G*+D3.  



 

 

Fig. S13 Simulated IR spectra of H+(t-BuOH)6. From the left to the right column, the 

levels of theory are B3LYP/6-31+G*, ωB97X-D/6-311+G(2d,p), and 

B3LYP/6-31+G*+D3.  



 

 

Fig. S14 Simulated IR spectra of H+(t-BuOH)7. From the left to the right column, the 

levels of theory are B3LYP/6-31+G*, ωB97X-D/6-311+G(2d,p), and 

B3LYP/6-31+G*+D3.  



 

 

Fig. S15 Simulated IR spectra of H+(t-BuOH)8. From the left to the right column, the 

levels of theory are B3LYP/6-31+G*, ωB97X-D/6-311+G(2d,p), and 

B3LYP/6-31+G*+D3. 

 



 

 

Fig. S16 The minimum free energy isomer structures of H+(2-PrOH)4-B3LYP (a and b) 

and H+(t-BuOH)4-B3LYP (c and d). The former is represented by (a) C structure at 50K 

and (b) L structure at 250K. The latter is represented by (c) C structure at 50K and (b) L 

structure at 400K. The corresponding zero-point corrected relative energies are (a) 0.064, 

(b) 0.656, (c) 0 and (d) 1.045 kcal/mol. 



 
Fig. S17 The minimum free energy structures of H+(t-BuOH)5-B3LYP+D3. From (a) to 

(c) are Ct structure at 50K, C structure at 150K, and L structure at 400K. The 

corresponding zero-point corrected energies are (a) 0, (b) 1.211, and (c) 3.423 kcal/mol.  



 

 

Fig. S18 The minimum free energy structures of H+(t-BuOH)6-B3LYP+D3. From (a) to 

(d) are bC structure at 50K, Ct and C structures at 300K, and L structure at 400K. The 

corresponding zero-point corrected energies are (a) 0, (b) 1.086, (c) 1.588, and (d) 4.923 

kcal/mol.  

  



 

Fig. S19 The minimum free energy structures of H+(t-BuOH)7-B3LYP+D3. From (a) to 

(c) are Ct structure at 50K, bC structure at 150K, and L structure at 300K. The 

corresponding zero-point corrected energies are (a) 0, (b) 0.462, and (c) 4.268 kcal/mol.  



 

Fig. S20 The minimum free energy structures of H+(t-BuOH)8-B3LYP+D3. From (a) to 

(c) are bC and Ct structures at 50K and L structure at 400K. The corresponding 

zero-point corrected energies are (a) 0, (b) 0.31, and (c) 4.172 kcal/mol.  


