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In this work, we studied the role of bonding and nonbonding atomic 
interactions in the topochemically controlled solid-state polymerization 
and assembly of the polymer DCHD (1,6-di(N-carbazolyl)-2,4-
hexadiyne). For this we carried out a high brilliance SPring-8 (Hyogo, 
Japan) synchrotron X-ray study of DCHD monomer and polymer 
crystals in the temperature range from 20 to 420 K. Since topochemical 
polymerization is interplay of the monomer and polymer lattices, a 
comparative analysis of the both monoclinic structures allows us to 
uncover important insights into the structural machinery controlling 
formation and stability of polymer DCHD.

For advance details, we examined the structures on a charge density 
level using Maximum Entropy Method (MEM) upgraded to determine 
the electrostatic potential, electric field and atomic polarization 
in structure [1], [2]. The MEM maps based on highly reliable 
polyDCHD x-ray data viewed the hydrogen bond as electron density 
path bridging acceptor-donor atoms, linkage of electrostatic potential 
contour and flux of electric field vector from donor to acceptor sites. 
They allow us to reveal that polyDCHD assembled by networks of 
unconventional Η−bonds, C−H∙∙∙π(C≡C) between sidechain C−H and 
π-electron clouds of the triple bond segment of nearby backbone in 
layer and C−H∙∙∙π amongst the interlayer carbazolyl rings packed in 
a herringbone motif. 

In the monomer form, C−H∙∙∙π(C≡C) links the monomer’s 
carbazolyl to the triple bond segments of the nearby monomers. The 
arrangement of the inter-monomer H-bonds is changed from the 
low-temperature trifurcated (four-centered) to the bifurcated (three-
centered) at temperatures above Tp~140K. As we find, the trifurcated 
H-bond provides conformational constraint preventing twist of 
monomer rods to the reactive state for the solid-state polymerization. 
Supposedly, it makes DCHD non-polymerizable under γ–ray or 
other radiations below Tp [3]. Declining of that constraint above Tp 
resulted in non-planar bifurcated H-bond arrangement which may 
accommodate the “monomer rods” to “polymer backbone” switch. In 
the resulted polymer phase, the chains strengthened by linear (two-
centered) H-bonds. 

Thus, in the DCHD system unconventional C−H∙∙∙π(C≡C) 
interactions of trifurcated and linear geometries direct the structural 
stability for the monomer and polymer forms, respectively, while 
bifurcated one triggers the solid-state monomer-to-polymer reactivity. 
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Development of fuel cells has been a hot topic in materials science. 
The performance of fuel cells depends greatly on the microscopic 
structure of electrodes [1], [2]. Electrodes of fuel cells are manufactured 
from catalyst ink. Catalyst ink is a multi-component system, consisting 
of carbon, platinum, water, and ionomers. Contrast-variation small-
angle neutron scattering (CV-SANS) is a powerful technique to study 
the structure of multi-component materials since it allows one to 
decompose scattering intensity functions to partial scattering functions 
[3]. In this study, we employed CV-SANS to unveil the structure of 

catalyst ink and discuss the relationship between the structure and 
performance of fuel cells. 

Various types of catalyst ink were prepared by varying the size and 
porosity of carbon in water with various compositions of D2O/H2O. CV-
SANS was conducted at the small-angle neutron instrument, SANS-U, 
JRR-3 [4]. Contrast-variation SANS revealed the following: (1) The 
partial scattering functions for carbon-carbon, SCC(q), polymer-polymer, 
SPP(q), and carbon-polymer correlations, SCP(q), were sussessfully 
obtained by CV-SANS. (2) The microscopic structure of the catalyst 
ink consists of dendric clusters of carbon particles surrounded by 
ionomers. (3) Ionomers have an ionic cluster peak around q ≈ 0.1Å-1, 
which maintain its structure even in the ink mixed with carbon/Pt. (4) 
The cross term, i.e., SCP(q), indicates that ionomers are concentrated on 
a surface of carbon clusters.
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Large scale synchrotron and neutron facilities offer very efficient 
tools to analyze the structure of materials using the small-angle 
scattering technique (SAS). In short, the modern synchrotron rings 
deliver several million times more intense X-ray beams than those 
emitted by conventional laboratory sources, allowing the follow-up of 
real-time evolutions. In addition, the low divergence leads to a sub-
micrometer spatial resolution for the micro-analysis and the imaging 
techniques. SAS using a neutron source opens the possibility to match 
the contrast for organic materials working with deuterated samples. 
SAS beamlines at large scale facilities are today used for industry-
driven projects, either directly by engineers from companies or by 
public institutes. The projects concern the various phases of a product 
life-cycle, mainly for the research and development phases, but also 
the engineering and the control of quality. A few examples in various 
domains will be presented, among which: the ageing of the structural 
components of nuclear reactors under neutron and gamma irradiation, 
the molecular structure of epidermis and hair in relation with cosmetics, 
the development of new polymers and composites.

However, despite the obvious interest of the SAS measurements 
for applied activities using large facilities’ equipment, the rate of 
industrial use is low compared to that of other techniques. The main 
reasons for this situation are probably: an insufficient communication 
and commercial effort, the cost and the delays for getting access to the 
beamlines, the lack of optimized equipment and scientific expertise for 
industrial issues.

In order to improve the interface between their equipment for the 
analysis of soft-condensed matter, including SAS, and the communities 
of users, academic as well as industrial, the ESRF and the ILL have 
recently launched the Partnership for Soft Condensed Matter (PSCM). 
The PSCM will be established in a step-by-step process, initially as a 
support facility for the better exploitation of neutron and synchrotron 
scattering instruments in Soft Matter Research. The PSCM, in the 
medium term, will provide a platform for promoting the complementary 
aspects of neutron and synchrotron techniques.  The long-term mission 
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