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Internship description  

There are a few organic compounds able to self-assemble in nanotubes.1 Some theoretical models have 
been developed for tubes formed by lipids, but concern only large tubes often microtubules. But so far 
one cannot explain at the molecular level why such self-assembly leads to a nanotubular shape. As a 
matter of fact, only a few examples of structures of the tubes have been elucidated at the molecular 
level.2–4 In our group we have developed simple amide-based molecules, BHPBn (Fig. 1) able to form 
nanotubes with diameters of a few tens of nm, as shown by freeze fracture TEM and small angle X-ray 
scattering (SAXS) experiments.5,6 The diameter depends on the length n of the ester chain. Recently we 
have shown that related monoamide compounds also form nanotobes and that in these tubes the 
compounds form in inner and an outer sheet, with their ester parts turned toward the inner and outer 
wall, and the amide chains form an interdigitated middle layer like in Fig. 3.7 

 

  
Fig. 1. Chemical structure of BHPBn. n is the 

number of C atoms in the ester. 
Fig. 2. Freeze fracture TEM of BHPB10 in 

cyclohexane; Bar is 50 nm 
Fig. 3. Possible structure of the self-

assembly of BHPBn in the nanotubes. 

The project aims at studying the inner structure of the nanotubes of BHPBn, especially to prove and refine 
the structure proposed in Fig. 3, by small angle X-ray and neutron scattering (SAXS and SANS). The model 
will be also confirmed by synthesizing analogues of BHPBn with deuterated ester and aromatic parts and 
studying their self-assemblies by SANS, with the contrast variation method. A second objective is to study 
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the behavior of binary mixtures BHPBn/BHPBm and to measure the variations of the structures with the 
mixture ratios. We will first verify that they form solid solutions by DSC and that also form tubes. Then, we 
will analyze with deuterated analogues how the BHPBn and BHPBm are distributed. Are they equally 
located on the inner and outer walls of the tubes or do they selectively occupy one face? The latter case 
would explain why the self-assembly induces a curvature. 

The hired student will 1) synthesize a homologous series of BHPBn and the deuterated analogues of BHPB8 
and BHPB10, 2) study the structure of the self-assemblies by freeze fracture TEM, in collaboration with M. 
Schmutz and by SAXS in collaboration with J. Combet. The binary mixtures will be studied by microDSC. 

We are looking for a motivated student with a background in organic or polymer chemistry eager to learn 
physicochemical techniques; or with a background in physical chemistry able to conduct few chemical 
syntheses. A good proficiency in English is a plus. The applicant should send her/his resume and material 
to mesini@ics-cnrs.unistra. All acceptation, enrolment and paperwork has to be done by October 8th, 
because the Institut Charles Sadron is a ZRR lab (restricted access area). 
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