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The inner and outer electrical field distribution and the

macroscopic dipole moment are calculated for a polar
molecular crystal such as 4-iodo-4‘-nitro-biphenyl
(INBP) crystallizing in Fdd2 (crystal class mm2). In
INBP, the molecules pack head-to-tail parallel to the
polar axis, leading to an ideal built up of opposite surface
charge densities on the polar faces. At atmospheric
ambient conditions, the surface charges can be
compensated, implying a dipole opposed to the crystal
dipole.

We simulated various nano-crystals of linear
dimensions up to 20 nm, with and without surface charge
compensation. We calculated, with gas-phase density
functional theory, each molecule in the mean field
generated by all the others in the nano-particle, thus
enabling the calculation of an individual dipole moment
for each molecule. This procedure is different from the
classical calculation of an ideally infinite crystal and
periodic boundary conditions. It was iterated until
convergence was found (typically, within 10 cycles a root
mean square smaller than 0.1 D on the molecular dipole
is obtained).

The ideal crystal packing of this molecule is such that,
at variance from other species, the molecular dipole is
smaller (by about 20%) with respect to the molecular
dipole in the gas phase. This is caused by the internal
crystal field, which opposes the molecular dipole due to
the lateral interactions that overwhelm the head-to-tail
motif.

If the charge compensation is taken into account, two
additional effects occur: the field generated by the
surfaces enhances the molecular dipole but the additional
dipole due to these charges contrast the crystal dipole
(sum of molecular dipoles). As a result, the average
molecular dipole increases, but the total dipole (i.e. sum
of all molecular and surface dipoles) can be 80% smaller
than the sum of the gas phase molecules. These results
strongly depend on the surface definition, in particular at
which distance from the external atoms the charge
carriers will be accommodated. Because the nature of
these particles is not known, and very likely strongly
variable with the atmospheric conditions, the estimation
is very approximate and the dipole compensation can be
even much larger, thus reducing the observable crystal
dipole to a very small value.
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A gel is defined as a non-fluid colloidal network or

polymer that is expanded throughout its whole volume by
a fluid1. This network can be obtained by either
intermolecular - or by interfibrillar - crosslinks2. In
general peptide hydrogels are a promising class of soft
biomaterials for cell culture, regenerative medicine, or
drug delivery applications having advantages in
biocompatibility, biodegradability and injectability3,4. So
far, many different longer peptide hydrogel systems like
Max1 and P11-2

4 are well studied but the publications
about dipeptide hydrogels are limited. Dipeptide gels
have certain advantages over longer peptide gels being
less cost intensive, more versatile and easier to synthesize
in high quantities. The most commonly studied one is the
Fmoc-Phe-Phe dipeptide5. The major driving force of the
self-assembly of such peptides is proposed to be π-π
stacking. Other forces known to play a role are
hydrophobic interactions, ionic interactions, hydrogen
bonding and electrostatic interactions6,7. Nevertheless, a
better understanding of the self-assembly process would
allow a more rational design for specific applications. In
our work, we found that a dipeptide based on two
β-alanine groups, hence excluding π-π stacking, was able
to form a gel-like state. In order to explore this
phenomenon, we specifically target the different driving
forces by changing the protecting or end groups of the
dipeptide. Additionally, solvents of different polarities,
salts and pH are tested. The main goal is to synthesize the
different dipeptide systems depicted in figure 1, to
analyze their chemical, physical and mechanical
characteristics, using techniques like Small-angle X-ray
scattering, X-ray Single crystal - and X-ray powder
diffraction, to show the major differences and to perform
mathematical models.

References
[1] J. V. Alemán et al., Pure Appl. Chem., 2007, 10,

1801–1829
[2] A. Dasgupta et al., RSC Advances, 2013, 3, 9117-

9149
[3] S. Marchesan et al., Nanoscale, 2012, 4, 6752-6760
[4] W.Y. Seow et al., Materials Today, 2014, 17,

381-388
[5] Thomas Liebmann et al., BMC Biotechnology, 2007
[6] M. Tena-Solsona et al., J. Mater. Chem. B, 2014, 2,

6192-6197
[7] G. Fichmann et al., Acta Biomaterialia, 2014, 10,

1671-1682

Figure 1. Scheme of the different dipeptides
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Spin crossover (SCO) depends on alteration of

electronic structure of metal ion which can be triggered
by the change of temperature, an application of pressure,
by light irradiation or using pulsing magnetic field as well
as by chemical perturbation.[1] SCO in octahedral
iron(II) complexes is associated with the shift of two
electrons between t2g and eg electronic levels. This results
in alteration of magnetic, optical and dielectric properties.
Transition from high spin HS(S=2) to low spin LS(S=0)
state is accompanied by the reduction of Fe-donor
distance from 2.0 to 2.2 Å. This becomes a source of
perturbation which spreading on the crystal lattice may
trigger further structural transformations within a
complex molecule and in the network of intermolecular
interactions.

[Fe(ebtz)2(C2H5CN)2](ClO4)2(1) represents an example
in which SCO is associated with structural changes.[2] In
this complex neighbouring Fe(II) ions are linked by
1,2-di(tetrazol-2-yl)ethane (ebtz). This bridging mode
leads to formation of the polymeric chain. Adjusted
polymeric chains form supramolecular layers which are
parallel to each other. Nitrile molecules adopt uncommon
orientation in relation to coordination octahedron. The
angle Fe-N-C(nitrile) in HS is lesser that 150° (145.9° at
110 K). SCO in this complex is very abrupt and
accompanied by wide hysteresis loop (T1/2

↓ ≈ 112 K, T1/2
↑

≈ 141 K). It was found that HS→LS transition is
associated with reorientation of propionitrile molecule
(<Fe-N-C(nitrile) = 162.9° at 80 K).

On the poster will be presented the crystal structure and
magnetic properties of 1D coordination polymer
[Fe(ebtz)2(CH3CN)2](BF4)2·2CH3CN (2). In this complex
the polymeric chains form supramolecular layers. Axially
coordinated acetonitrile molecules are also directed
towards space between layers. But the angle of
Fe-N-C(CH3) fragment in HS of 2 is significantly greater
(167.95°) than in 1 and after HS→LS transition increases
only slightly (171.61°). SCO in 2 is more gradual and
accompanied by a narrow hysteresis loop (T1/2

↓ ≈ 161.0
K, T1/2

↑ ≈ 163.5 K).
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