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In-situ, nondestructive testing
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Parts of a SAXS machine
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Figure S3b Samples from figure S3a, after boiling the solutions to homogenize. 

 

 

 

 

 

 

 

 

 

 

Figure S3c Samples from figure S3b after drying at 80 °C in air. Left to right is constant [gelatin] 

and [Fe(NO3)3] but increasing [Mg(NO3)2]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S4 Bright field transmission electron microscope images of Fe3C/MgO particles embedded 

in carbon matrix for samples a) MF25 and b) MF50. 
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Directed assembly of optoelectronically active
alkyl–π-conjugated molecules by adding n-alkanes
or π-conjugated species
Martin J. Hollamby1,2*, Maciej Karny3, Paul H. H. Bomans4, Nico A. J. M. Sommerdjik4, Akinori Saeki5,
Shu Seki5, Hiroyuki Minamikawa6, Isabelle Grillo7, Brian R. Pauw1, Paul Brown8, Julian Eastoe8,
Helmuth Möhwald9 and Takashi Nakanishi1,3*

Supramolecular assembly can yield ordered structures by taking advantage of the cumulative effect of multiple non-
covalent interactions between adjacent molecules. The thermodynamic origin of many self-assembled structures in water
is the balance between the hydrophilic and hydrophobic segments of the molecule. Here, we show that this approach can
be generalized to use solvophobic and solvophilic segments of fully hydrophobic alkylated fullerene molecules. Addition of
n-alkanes results in their assembly—due to the antipathy of C60 towards n-alkanes—into micelles and hexagonally packed
gel-fibres containing insulated C60 nanowires. The addition of pristine C60 instead directs the assembly into lamellar
mesophases by increasing the proportion of π-conjugated material in the mixture. The assembled structures contain a
large fraction of optoelectronically active material and exhibit comparably high photoconductivities. This method is shown
to be applicable to several alkyl–π-conjugated molecules, and can be used to construct organized functional materials with
π-conjugated sections.

Supramolecular chemistry generates complex structures over a
range of length scales. Structures such as DNA origami1,2, supra-
molecular polymers3,4 and supra-amphiphiles5 are formed via

multiple non-covalent interactions between adjacent molecules that
are programmed by their chemical structure. Similarly, in solution,
amphiphiles with hydrophilic and hydrophobic sections assemble
through multiple non-covalent interactions. However, assembly is
also governed by solution parameters such as concentration and
solvent type, as well as the balance of hydrophilic and hydrophobic
content within the amphiphile6. This permits a single amphiphile
to be directed to assemble into one of a range of structures simply
by changing the solution parameters6.

The development of molecular optoelectronics requires the con-
trollable self-assembly of molecules containing π-conjugated units
from which the optoelectronic properties derive. The precise organ-
ization of the π-conjugated units directly affects device perform-
ance7. A common concern is that promising molecules with
otherwise excellent intrinsic optoelectronic properties often form
sub-optimally assembled structures8. Ordered molecular optoelec-
tronics may be provided by supramolecular liquid-crystalline
materials containing π-conjugated units9–11. However, enhanced
functionality has yet to be fully demonstrated by these materials.
Indeed, a limiting factor is the relatively low content of π-conjugated
moieties in the molecules12.

Here, to address this issue, the amphiphilic assembly concept is
extended to include fully hydrophobic amphiphiles comprising

mutually immiscible alkyl (long, branched) and π-conjugated
(C60, C70 or azobenzene) parts. The asymmetric hydrophobic
amphiphiles are formed by attaching alkyl chains to just one side
of a π-conjugated moiety13–16. Alkyl chains are routinely attached
to π-conjugated molecules to improve solubility and to tune self-
assembly11,12,17–19. Similarly to the directed assembly of convention-
al hydrophobic–hydrophilic amphiphiles, the introduction of
additives or solvents with a selective affinity towards either part of
the hydrophobic amphiphile was expected to provoke the formation
of various complex ordered fluids including micelles, gels and two-
component liquid crystals6. By changing the solution parameters,
several structures might therefore be formed from a single hydro-
phobic amphiphile, permitting a level of control over the self-assem-
bly of the π-conjugated units not currently accessible by
other means.

To demonstrate the feasibility of this new approach, we initially
focused on two hydrophobic alkylated fullerene-C60 derivatives. The
discrepancy in non-covalent interaction strength between the
π-conjugated C60 and the attached alkyl chains can control molecu-
lar self-organization in additive-free conditions15,16. The derivatives
studied here form disordered materials without additives. However,
by adding n-alkane solvents or pristine C60 to increase either the
total alkyl or π-conjugated content of the system, they are directed
to assemble into different structures. The driving force for nanoscale
phase separation is the solvophobic force generated by the immisci-
bility of C60 with n-alkanes or alkyl chains19,20. The principle, which

1National Institute for Materials Science (NIMS), 1-2-1 Sengen, Tsukuba 305-0047, Japan, 2School of Physical and Geographical Sciences, Keele University,
Keele, Staffordshire, ST55BG, UK, 3Warsaw University of Technology, Pl. Politechniki 1, 00-661 Warsaw, Poland, 4Laboratory of Materials and Interface
Chemistry & Soft Matter CryoTEM Research Unit, Department of Chemical Engineering and Chemistry and Institute of Complex Molecular Systems,
Eindhoven University of Technology, PO Box 513, 5600 MB Eindhoven, The Netherlands, 5Department of Applied Chemistry, Graduate School of
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• Easy sample 

• Good result 

• Software effects minimal 

• Time to look at q calibration and uncertainties 

• Intensity uncertainties need to be defined 

• Round Robins make sense… 

• (but double-check, send samples back!) 
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The USAXS addition



!176



Q (1/nm)

I
 
(
H
z
)

10
-1

10
0

10
1

10
2

10
3

10
4

10
-1

10
-2

10
-2

10
-3

0 10
-3

Background

Sample



!178

Version I: from scrap
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Version II: A little more elegance
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Version III: For integration
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Version III: For integration
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Version III: For integration
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The USAXS addition
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The USAXS addition
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