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I. Computer Modeling (all structures can be found in the coordinate zip file) 

 

The ab initio calculation have been done at the 6.31G* level of 

theory, by means of GAMESS. No zero point energy correction was 

applied. The MM2 empirical calculations were carried out on all 

systems beyond dimers because tetramers were too large for an ab 

initio treatment. 

At the ab initio level 5 conformers were studied (Figure 1 and Table 

1). The calculations reproduced well the two conformations found in 

the crystal having one β-turn (Fig 1a), and showed that a C3 

symmetric conformer was more stable than the crystal conformer (Fig 

1b). However, the orientation of the amides in the latter is not 

suitable for stacking along the z axis. Two C3 symmetric conformers 

that could easily stack one each other were then located (Fig 1c and 

1d) and their dimers were also modeled. The macrocycle showed in 

Figure 1c led to a very energetic dimer, whereas that of figure 1d 

could form lower energy dimers according to two modes of stacking. 

The parallel (same description as that used for β-pleated sheets) 

stack was found to be favored over the antiparallel stack by 

0.68Kcal/mol. Consequently, the antiparallel arrangement was 

discarded from all subsequent calculations. 

MM2 calculations reproduced rather well the ab initio results (Table 

1) and 2 other C3 symmetric conformations (C3 Conf a and C3 Conf b) 

were also located, being also unsuitable for stacking (it is the 

reason why no ab initio calculations were done on these 2 conformers) 



 

 
Figure 1. Ab initio modeling of low energy conformers. 

a) Lowest energy crystal conformation (0.22 Kcal/mol, β Conf 1 in Table 1). 

b) Lowest energy C3 symmetric conformation (0 Kcal/mol, C3 Conf 1 in Table 

1). c) Small diameter C3 symmetric conformation (2.78 Kcal/mol, C3 Conf 2 in 

Table 1). d) Large diameter C3 symmetric conformation (5.31 Kcal/mol, C3 

Conf 3 in Table 1). 

 

6.31G* MM2  

monomer dimer monomer dimer 

β Conf 1 0.22 0.00 0.00 (-13.90) 0.00 (-51.22) 

β Conf 2 0.95 nc 0.65 (-13.25) nc 

C3 Conf 1 0.00 / 0.32 (-13.58) / 

C3 Conf a nc / 1.56 (-12.34) / 

C3 Conf 2 2.78 12.48 3.29 (–10.61) 9.56 (-41.66) 

C3 Conf b nc / 6.20 (-7.70) / 

5.70 para 8.23 (-42.99)paraC3 Conf 3 5.31 

6.38 anti 

12.09 (-1.82) 

10.78 (-40.44)ant

Table 1. Relative 6.31G* and MM2 energies (Kcal/mol) of various monomer and 

dimer conformations. Energies in brackets are absolute MM2 energies. β Conf 

correspond to the crystal conformations. Para and anti are for parallel and 

antiparallel modes of stacking (β-pleated sheet description). / corresponds 

to no possible dimer and nc means not calculated. All the corresponding 

coordinated are found in the coordinate zip file with the names 001_*** for 

monomers and 002_*** for dimers. 



The parallel dimeric stack having been selected as a building motive, 

the packing and stacking of two such motives was studied to see the 

kind of objects tetramers and higher oligomers could form (Table 2).  

 

n= β conf 
stack 

1 tube 2 tubes 3 tubes 4 tubes 
line 

4 tubes 
branched 

6 tubes 
line 

6 tubes 
hexagon 

002 -51 -43       
004 -126 -112 -107 

-106 
     

006 -200 -180  -170 
-169 

    

008 -274 -249 -258 
-257 

 -233 -233   

012 -422 -387 -411 
-408 

-403   -358 -378 

024 -866 -799 -871 -878 
-864 

-870 -869 -839 -872 

036 -1310 -1212 -1331 -1353   -1329 -1377 
-1351 

048 -1752 -1624 -1791 -1829 -1836 -1834 -1820 -1883 
-1839 

Table 2. MM2 energies (Kcal/mol) of various clusters. β conf for stacks of 

β-turn conformers (crystal conformer). n tube(s) for n 1st generation C3 

symmetric nanotubes packed in line, branched or as hexagons (to form a 2nd 

generation tube in the case of hexagons). Thus, n=024 and 3 tubes mean a 

24-mer as 3 side-by-side tubes of 8 units; its name in the zip coordinate 

file is 024_3_by_8.mol2. Energies in italics are for the alternative mode 

of packing nanotubes (name 024_3_by_8_o.mol2). Yellow underlined figures 

indicate the most stable supramolecular objects for the different 

oligomers. 

 

Packing could occur according to four different ways depending 

firstly on the dipole orientation of each stack. When two stacks have 

their dipoles running in the same direction, unfavorable carbonyl 

carbonyl interactions arise (accordingly, the two ways of stacking 

corresponding to this arrangement were not studied further). On the 

other hand, such disfavored interactions do not appear when the 

dipoles are opposing each other. The two corresponding ways of 

stacking were thoroughly studied; it was found that one of them was 



consistently more stable than the other one (the coordinate files 

corresponding to the latter have been named ***_o.mol2) although both 

ways lead to supramolecular objects having roughly the same global 

shape. Up to the 12-mer the stacking of crystal-like conformers is 

favored, whereas; packing of 3 octameric stacks is favored for the 

24-mer and formation of 2nd generation tubes (hexagone) takes place 

for the 36-mer and 48-mer. 

 

 

II. Optical Microscope Observations 

 

1) Photos 1-3 

These photos show that on carefully controlled slow heating (~ 0.2 
oC/min), the melting of the LC host in the cell can be distinguished 

from the melting of the LC inside the tube.  

Photo1: The LC host starts to melt in some places, but the unmelted 

areas retain the tube. The tube is birefringent under crossed 

polarizers because the LC trapped inside has not started to melt. 

Photo 2: About 20 s later, the LC inside the tube is melted. A closer 

look allows one to notice that the tube is still held by the unmelted 

areas, while the birefringence is gone.  

Photo 3: Same as in Photo 2, but one polarizer has been removed. The 

line of the tube can be seen.  

After the complete melting of the LC, the tubes are difficult to be 

observed in the isotropic phase. Careful observations found that the 

tubes disappear at about 130 oC. If the heating is fast, the tubes 

can be broken by the turbulence created by the flow of the melting 

LC.  

 

2) Photos 4-6 

These photos were taken after removing the LC in hexane and drying 

the sample. The tubes remained on the surface of the glass plates. 



Photo 4: Bright field. Some tubes appear to be more closed than 

others. 

Photo 5: Placing one of the tubes under crossed polarizers, it is 

indeed visible that a section of the tube still contains the LC, thus 

appearing highly birefringent. The rest of the tube shows no 

birefringence, indicating the absence of the LC inside.  

Photo 6: When the same tube was aligned along one of the polarizers, 

most birefringence was gone. This suggests that the LC molecules 

inside the tube be oriented either parallel or perpendicular to the 

tube. Polarized Raman microscopic measurements indicate a parallel 

orientation (see the text). Strong interactions or anchoring of the 

LC with the peptide may contribute to stabilize the hollow 

structures.  

(For all photos, the magnification is 263x with respect to the image 

size). 
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