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Equilibrium Geometry of TBHP 

Optimization and frequency calculations were done with the B3PW91 functional but with higher basis 

sets, 6-31++G(2d,2p) instead of 6-311G(d). The geometry and IR spectrum at the different basis sets 

were nearly identical, except the scaling factor of about 0.955 was necessary to compare with 

experimental spectrum in the case of 6-311G(d) basis set.  

Figure 1(S). Comparison between experimental and calculated IR spectra. 5.5 M TBHP in nonane at 

300 K (above) and calculated (B3PW91/6-31++G(2d,2p), without scaling) spectrum. 
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 Conformation Analysis of CHol 

A conformational analysis was carried out for four possible conformations of CHol. The spectrum of 

the conformation (3) was in best agreement with the experimental CHol spectrum in toluene, especially 

the C-O stretching peak at 977 cm-1 of conformation (3) in comparison with 959 cm-1 of the 

experimental spectrum strongly supports CHol(3) as the most probable conformation. The electronic 

energy calculations at the same level of theory supported the stability of conformation (3), although the 

conformation (2) is as stable as (3) and it is expected to exist to some extent by the ring structure 

fluctuation. 
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Figure 2(S). Comparisons between experimental IR spectrum (0.5M in toluene at 300 K) and 

calculated IR spectra (B3PW91/6-31++G(2d,2p), without scaling) and relative electronic energies (with 

respect to CHol (3)) of four possible CHol conformers. 
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Interaction of TBHP with TTMST: IR study of OH stretching region. 

When TBHP concentration is high, TBHP molecules form hydrogen-bonds leading to the broad peak 

at 3380 cm-1 (e.g. 5.5 M TBHP in nonane). When concentration is decreased, for example at 0.05 M in 

toluene, the OH stretching at 3510 cm-1 of free TBHP molecules is observed. At a higher concentration, 

0.5 M TBHP in toluene, the broad feature of intermolecular interactions is more pronounced than the 

sharp peak of free TBHP. However, the trend changes remarkably in the presence of TTMST. The sharp 

peak at 3380 cm-1 is pronounced, which indicates free TBHP or TBHP interacting very weakly with 

TTMST. Also, the shape of the broad band due to hydrogen-bonded TBHP changes, indicating 

hydrogen-bonding interaction between TBHP and TTMST. 

 Figure 3(S). ATR-IR spectra of TBHP and TTMST-TBHP in toluene (0.05 M TTMST for the 

TTMST-TBHP solutions, at 300 K). The spectra of 0.5 M TBHP in toluene and 5.5 M TBHP in nonane 

are scaled by 1/20. 
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Interaction of CHol with TTMST 

Similar to the study of TTMST-TBHP interaction, TTMST-CHol interaction was studied starting from 

several initial geometries using CHol(3) as the conformation of CHol with B3PW91/3-21G. The most 

stable complex was further optimised with the method described in the experimental section. The 

optimised geometry and calculated IR spectrum are shown below. 

It should be noted that a hydrogen-bonded complex was found when conformer 1 (CHol(1)) was used 

as a starting geometry of TTMST-CHol complex. However, when the most stable and probable 

conformation CHol(3) was chosen as a starting geometry, no hydrogen-bonded complex was found. 

These results and our IR and NMR results imply that CHol is rather stable when isolated or weakly 

interacting with TTMST in the absence of TBHP. This indicates that a change in conformation from 

CHol(1) to CHol(3), which involves a rotation of the O-H group and which would allow hydrogen-

bonding with TTMST, does not occur. 

Figure 4(S). Calculated IR spectra of TTMST and TTMST-CHol complex (scaled by 0.955) and the 

optimised structure. 
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Orbital Analysis 

Table 1(S). Orbital energies of HOMO-10 to LUMO+9 of the molecules and complexes are shown 
below. The values are in hartree. 
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Figure 5(S). Kohn-Sham orbitals (LUMO-LUMO+5) of TTMST and the TTMST-TBHP complex. 
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