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The self-assembly of achiral and chiral porphyrin trimers based on benzene triscarboxamide in 10 

solution is studied with the help of NMR, FT-IR, UV-vis, and CD spectroscopy. These studies 
revealed that in apolar solvents the porphyrin trimers self-assembled in columnar stacks via a 
combination of hydrogen bonding and π−π stacking interactions. While the critical aggregation 
constant is about 0.2 mM in chloroform, aggregation already occurs at micromolar concentrations 
in n-hexane. Small angle neutron scattering (SANS) studies in chloroform, toluene, and n-hexane 15 

confirmed aggregation of the trimers into columnar stacks. In chloroform and n-hexane, but not in 
toluene, the trimers gelated the solvent. In chloroform the stacks of the achiral trimer were found 
to contain on average about 70 molecules, while in toluene the stacks were much smaller and 
contained on average 7-9 molecules. In n-hexane the SANS studies revealed that the chiral trimer 
formed a gel with an average mesh size of the transient network of chains of approximately 90 nm, 20 

with chains being built up from effective cylindrical aggregates with an average length of 20 nm.  

Introduction 

An important goal in chemistry is to obtain control over the 
organisation of molecular, macromolecular and 
supramolecular materials, with the objective to define or 25 

improve their function.1 In particular the controlled 
arrangement of chromophores into ordered self-assembled 
arrays is an evolving area of research with potential industrial 
applications.2 It is envisioned that such arrays can yield new 
materials with unique photophysical, (opto)electronic and 30 

catalytic properties, as a result of the excitonic interactions 
between adjacent chromophoric moieties.3 Such 
supramolecular systems require the structural organisation and 
integration of a specific function.4 In addition, their 
arrangement in one (e.g. fibres), two (e.g. layers) or three (e.g. 35 

crystals) dimensions is required. One of the current challenges 
is to rationally design the shape of the molecular building 
blocks and tune the intermolecular interactions in such a way 
that they spontaneously assemble into a supramolecular 
device. 40 

 For the creation of one-dimensional (1D) assemblies, 
building blocks with either a disk-like5 or a rod-like shape are 
typically employed.6  Also 1D assemblies composed of more 
complex building blocks have been reported, e.g. of circular 
macro-molecules,7 rosettes,8 and self-assembled dendrimers.9 45 

We have previously described10 the self-assembly of 
porphyrin trimers 1 and 2 (Fig. 1), based on benzene 
triscarboxamide (BTA),11 into helical columnar stacks, which 
are stabilised by a combination of threefold hydrogen bonding 
between the amide functions and π−π stacking interactions 50 

between the porphyrin planes. More recently, we also 

prepared and studied a set of analogues of 1 and 2 lacking 3 of 
the 4 phenyl groups in the meso-position of each porphyrin.12 
The achiral porphyrin trimer 1 self-assembles into a racemate 
of P- and M-helical stacks, whereas the chiral enantiopure 55 

trimer 2 yields stacks with one helical sense.13 Scanning 
tunneling microscopy (STM) and Atomic force microscopy 
(AFM) revealed that when micromolar solutions of these 
compounds in chloroform were dropcasted onto a mica 
surface, extended patterns of equidistant single columnar 60 

stacks of molecules were obtained, which formed 
spontaneously as a result of a fine balance between molecular 
self-assembly and dewetting.11 In more apolar solvents like n-
hexane or cyclohexane, self-assembly of the trimers appeared 
to be much stronger, resulting in the formation of stacks in 65 

solution already at very low concentrations (< 10–8 M). In that 
case, the assemblies are not in equilibrium with the 
monomeric building blocks,12 and dropcasting of their 
solutions onto mica gave irregular networks of fibers with the 
width of a single molecule and lengths in the order of 70 

micrometers.13  
 Here we study in detail the aggregation behaviour of 
porphyrin trimers 1 and 2 based on BTA in different solvents 
and with various techniques, including nuclear magnetic 
resonance (NMR), Fourier-transform infrared (FT-IR) 75 

spectroscopy, ultraviolet-visible (UV-vis) light spectroscopy, 
circular dichroism (CD), and small angle neutron scattering 
(SANS). We report on the shape and size of the assemblies 
under various conditions, and on the hierarchical assembly of 
the columnar stacks of porphyrin trimers into networks that 80 

gelate the solvent. 

Page 1 of 7 Soft Matter

S
of

tM
at

te
r

A
cc

ep
te

d
M

an
us

cr
ip

t



 

2  |  Journal Name, [year], [vol], 00–00 This journal is © The Royal Society of Chemistry [year] 

 
Fig. 1 (A) Molecular structures of the porphyrin trimers based on BTA. (B) Schematic representation of the self-assembly of porphyrin trimers into helical 

columnar stacks. 

Results and Discussion 5 

NMR spectroscopy 

In apolar solvents such as CD2Cl2, CDCl3, benzene-D6 and 
toluene-D8, the signals in the 1H NMR spectra of 1 and 2 at 
millimolar concentrations were very broad, indicating 
aggregation of these compounds. In Fig. 2 the 1H NMR 10 

spectra of 1 in toluene-D8 without (bottom) and with a small 
droplet of DMSO-D6 (top) are shown. The top spectrum has 
sharp lines and indicates a breaking up of the aggregates by 
the presence of the polar solvent, probably by dissociation of 
the hydrogen bonding network. The critical aggregation 15 

concentrations of 1 and 2 in CDCl3 were estimated to be 0.2 ± 
0.05 mM, since at that concentration broadening of the signals 
in the NMR spectra started to occur (ESI Fig. S1). In n-
hexane-D14, the porphyrin trimers gave broad NMR spectra 
(not shown), even at concentrations of 0.05 mM, which 20 

indicates that in that solvent these compounds have a high 
tendency to aggregate. 
 
 
 25 

 
 
 
 
 30 

 
 
 
 
 35 

Fig. 2 1H NMR spectra of 1 in toluene-D8 (bottom) and in toluene-D8 
with a droplet of DMSO-D6 (top) (400 MHz, 298 K, [1] = 1 mM). 

FT-IR spectroscopy 

The role of hydrogen bonding in the aggregation of 1 was 

investigated with Fourier transform infrared spectroscopy 40 

(FT-IR). Both in chloroform solution and in a dried film, the 
amide N-H stretching vibration of this compound turned out 
to be very broad and overlapping with the pyrrole N-H 
vibration, making an accurate assignment of the former 
impossible. However, the amide I and amide II stretching 45 

vibrations could be assigned, despite some interference with 
the porphyrin C=N stretching vibration. The locations of the 
amide vibrations in chloroform solution and a dried film are 
summarised in Table 1. Both vibrations are located at rather 
high frequencies, which is in accordance with the presence of 50 

a fully aromatic periphery.14 The position of the bands in the 
dried film is indicative of the presence of hydrogen bonding. 
The ∆ν-value, the difference in frequency between νamide(I) 
and νamide(II), in chloroform is similar to that in the dried film, 
which indicates that comparable intermolecular hydrogen 55 

bonding interactions are present between the trimer molecules 
both in solution and in the solid state. 

Table 1 FT-IR data of amide-related vibrations of 1. 

Sample νamide(I) (cm–1) νamide(II) (cm–1) ∆ν (cm–1) 
Dried film 1662 1570 92 

CHCl3 solution 
(0.5 mM) 

1679 1588 91 

UV-vis and CD spectroscopy  

The porphyrin Soret bands in the UV-vis spectra of 1 and 2 in 60 

chloroform at micromolar concentrations appeared sharp, 
indicating that the trimers are molecularly dissolved (Fig. 
3A). In contrast, in n-hexane the spectra were significantly 
broadened (Fig. 3B). The Soret bands are split, and 
deconvolution (not shown) revealed a red-shifted and a blue-65 

shifted component for both compounds. The broadening and 
the splitting of the Soret band are indicative of the presence of 
excitonically coupled neighbouring porphyrins. The Soret 
band splitting suggests relative orientations of the porphyrins 
in both head-to-tail and face-to-face geometries. Compared to 70 

the spectrum of 1, the spectrum of 2 had a more blue-shifted  
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Fig. 3 (A) UV-vis spectra (Soret band region) of 1 (solid black trace) and 2 (red dashed trace) in chloroform. (B) Idem, in n-hexane. (C) CD spectrum of 2 10 

in n-hexane. 

component, while its red-shifted component appeared as a 
shoulder. Apparently, the introduction of more steric bulk in 
the alkyl chains of 2 results in a preference for face-to-face 
orientation of the porphyrins in the self-assembled structure. 15 

The UV-vis spectra of 1 and 2 in n-hexane indicate 
intermolecular aggregation of these compounds, since 
intramolecular stacking of the porphyrins would impose too 
much strain on the molecules. Since plots of the absorbance at 
various wavelengths versus the concentration revealed 20 

Lambert-Beer behaviour over a wide concentration range, it is 
proposed that in n-hexane both compounds are arranged in a 
well-defined self-assembled structure. 
 In the case of 2, circular dichroism (CD) studies confirmed 
the intermolecular aggregation suggested by the UV-vis 25 

studies. While no CD-effects were observed in chloroform at 
micromolecular concentrations, the CD spectrum in n-hexane 
clearly indicated the presence of chiral assemblies (Fig. 3C).12 
Deconvolution of the spectrum revealed the existence of three 
Cotton effects centered at 402, 426 and 438 nm, respectively. 30 

As expected, the achiral compound 1 did not show any 
detectable CD-effect (not shown), in line with the literature 
result12 for its analogue lacking most of the phenyl groups in 
the meso-positions of the porphyrins. 

 35 

Small Angle Neutron Scattering (SANS) 

The NMR, FT-IR, UV-vis and CD studies all indicate 
aggregation of the molecules in 1 and 2 in organic solvents. In 
line with other self-assembled structures of disk-shaped 
molecules based on BTA,5a it can be expected that the 40 

porphyrin trimers self-assemble into columnar stacks. To test 
this hypothesis, SANS studies were carried out on the 
assemblies under a variety of experimental conditions. 
 The critical aggregation concentration of 1 in chloroform is 
approximately 0.2 mM. When the concentration was increased 45 

beyond this value, the solution rapidly became more viscous 
and gelated at a concentration of approximately 2 mM. These 
observations indicate strong aggregation of the molecules. 
The shape and dimensions of the aggregates were determined 
by SANS. The scattering intensity profile i.e. the dependency 50 

on the scattering vector Q of 1 in CDCl3 at 283 K ([1] = 4 
mM) showed a clear Q-1 dependence between 0.008-0.03 Å-1, 
which is characteristic for a 1D object, and a pronounced 
minimum at QR ~ 3.83, which together revealed the presence 
of cylindrical rod-shaped particles with length L and spherical 55 

cross section of radius R  (Fig. 4A). 
 

 

 

 60 

 

 

 

 

 65 

 

 

Fig. 4 (A) Scattering intensity profile of 1 in CDCl3 at various temperatures and concentrations. (B) Idem, in toluene-D8. The solid lines represent fits 
assuming a theoretical model based on a homogeneous cylindrical rod. 
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Fig. 5 (A) Space-filling molecular model of the aromatic core of 1 and 2; alkyl tails have been omitted for clarity. (B) Molecular model of the 
intermolecular hydrogen bonding network between molecules of 1 or 2; only one porphyrin moiety is shown for clarity, and alkyl tails have been omitted. 

 
 20 

 

 

 

 

Fig. 6 STM image of a self-assembled monolayer of 1 at the interface 25 

of Highly Ordered Pyrolytic Graphite (HOPG) and 1-phenyloctane, 
Vbias = - 369 mV, Iset = 1.0 pA. Schematic models of 1 are 

superimposed on some parts of the STM image. 

When a different model was applied, e.g. assuming a 
sphere, no plausible fit whatsoever could be obtained. The 30 

data could be simulated with a theoretical model (see ESI) 
based on a homogeneous cylindrical rod with a radius (R) of 
3.5 ± 0.1 nm and a length (L) of 43 ± 2 nm. Molecular 
modeling calculations of a columnar stack of 1 revealed that 
the radius of its aromatic core is 2.3 nm10 (Fig. 5). Its 35 

dodecyl tails have a length of 1.4 nm in the case they are 
fully stretched. Taking these values into account, it is 
plausible to describe the particles in solution as columnar 
stacks that are each a single molecule thick. Their 
determined length indicates that on average one columnar 40 

stack consists of approximately 70 molecules, assuming an 
intermolecular distance of 0.6 nm which followed from the 
molecular modelling calculations and which was confirmed 
by STM measurements of stacks of 1 on a graphite surface 
(Fig. 6).10 45 

 When the temperature of the solution was increased, 
SANS revealed a significant decrease in the average length 
of the cylinder between 293 and 303 K (Table 2 and Fig. 
4A), while the radius remained constant, indicating a 
decrease in the number of molecules within a single 50 

columnar stack. Lowering the concentration resulted in an 
even more pronounced decrease in average stack length, 
while the average diameter remained roughly constant. 

Table 2 SANS fitting results and errors for 1 in CDCl3 and toluene-D8 
at various temperatures and concentrations. 55 

Solvent T (K) Concentration 
(mM) 

Rod 
length L 

(nm) 

Rod 
radius  R 

(nm) 
CDCl3 283 4.0 43 ± 2 3.5 ± 0.1 

 293 4.0 45 ± 2 3.5 ± 0.1 
 303 4.0 34 ± 2 3.4 ± 0.1 
 293 2.0 40 ± 4 3.7 ± 0.1 
 293 1.0 25 ± 2 3.4 ± 0.1 
     

Toluene-
D8 

293 4.0 5.3 ± 0.1 2.3 ± 0.1 

 318 4.0 5.5 ± 0.1 2.2 ± 0.1 
 343 4.0 5.4 ± 0.1 2.2 ± 0.1 
 293 2.0 5.8 ± 0.1 2.3 ± 0.1 
 293 1.0 6.3 ± 0.2 2.2 ± 0.1 

 
Also in a solution of 1 in toluene-D8 ([1] = 4 mM) SANS 
experiments indicated the presence of aggregates (Fig. 4B). 
At 293 K the scattering profile could still be fitted to a 
cylindrical rod, with a radius of 2.3 nm and a length of 5.3 60 

nm (Table 2); it should be noted that, compared to the 
results for CDCl3 in Fig. 4A, the characteristic Q-1 
dependence of the rod is lost, however, due to the lower 
aspect ratio L/R, but the dip in the form factor is still 
recognized. The radius is again in good agreement with the 65 

modelled radius of the aromatic part of the molecule, while 
the determined length corresponds to columnar stacks that 
contain on average 9 molecules. The difference in length 
between the assemblies in chloroform and toluene 
underlines the importance of π-π interactions in the 70 

formation of the columnar stacks; since toluene, unlike 
chloroform, is itself aromatic, it interferes with the π-π 
interactions between the aromatic moieties in the molecules 
of 1. The relatively small size of the assemblies is further in 
agreement with the observation that a 4 mM solution of 1 in 75 

toluene-D8 is not gelated at all, i.e. the gelation must be 
correlated with the presence of rather stiff entities. The 
gelation is also reflected in different effects for the alkyl 
tails. In chloroform, they are involved in gelation of the 
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solvent, and contribute to a relatively rigid outer shell of the 
cylindrical rod, consisting of alkyl tails and solvent 
molecules; this contributes to the scattering length density 
contrast, and a relatively large apparent radius (3.5 nm). In 
toluene the sparse alkyl tails are ‘dissolved’, resemble the 5 

solvent much more in dynamics, and only contribute in a 
minor way to the scattering intensity, resulting in a much 
smaller apparent radius (2.3 nm) for the aggregate, which 
corresponds to that of the aromatic core. Considering the 
disintegration of the same system in chloroform at higher 10 

temperature and lower concentration, it is remarkable that 
the aggregates of 1 in toluene turned out to be very stable. 
At elevated temperatures (T = 318 and 343 K), no 
significant change in their dimensions was observed (Fig. 
4B, Table 2). Also a 2- and 4-fold dilution of the sample 15 

resulted in only small changes in the dimensions of the 
volume of the rods. It should be noted that the scattering 
profile becomes less pronounced upon dilution because of 
the reduction of intensity due to the lower number of 
scatterers and their respective size. The forward scattering 20 

intensities in both solvents at Q = 0 at fixed concentration 
are in full agreement with the different contrasts (~ 4 times 
higher in D8-Toluene) and the scattering aggregate 
volumes, derived from the parameters, obtained from fitting 
the full Q-dependence. These all are strong arguments that 25 

single individual rod-like assemblies are predominantly 
present and a structure factor due to interaction between 
species can be safely neglected (S(Q)=1).  
 A solution of 2 in n-hexane-D14 ([2] = 4 mM) also 
gelated. Assuming that also here assemblies with a 30 

cylindrical shape are present, the best fit of the SANS data 
was obtained by assuming a rod with length of 53.1 ± 0.3 
nm and a radius of 2.18 ± 0.01 nm (Fig. 7). Contrary to the 
experiments described above for CDCl3 or D8-Toluene, the 
experimental error bars of the data for the low Q-values (Q 35 

< 5 × 10–3 Å–1) were relatively small and hence the data in 
this range are statistically relevant; at these low Q-values 
this model does not describe the data very well due to a 
clear  upturn of the intensity following a Q-2 dependence. 
An onset of the same behaviour though of much lower 40 

extent, could also be suspected in the CDCl3 data, in which 
the cylindrical length (~50 nm) is comparable. In Toluene 
no sign of it appears, however, as expected on the basis of  
the low aspect ratio in this case. In a typical SANS 
measurement of dilute particles as described above, all 45 

mutual interactions between the particles can be  neglected, 
and the contribution  of the inter-particle structure factor 
S(Q) is taken as 1. In a gel, such mutual interactions are 
obviously and inherently present. Simple structure factors  
S(Q)cylinder are  not available for long rods, because all kinds 50 

of orientation issues need to be addressed, e.g. the amount 
of alignment and the rate of entanglement of the rods. In 
order to account for the upturn at low Q, we followed the 
approach of Pezron et al., who demonstrated that it is 
possible to make an approximation of the structural 55 

parameters of solutes in a mesh, by taking into account the 
so-called screening or correlation length ξ.15 With this ξ -
value it is possible to express the structural parameters of 
solutes in a mesh as a function of those in a dilute solution. 
In a good solvent for the rods, the ξ -value corresponds to  60 

the average mesh-size in a transient network of chains. 
When the SANS data of 2 in n-hexane-D14 were fitted with 
this model, an improved fit was obtained  with a cylinder of  
radius of 2.3 ± 0.05 nm and an effective length of approx. 
20 nm (Fig. 7). The ξ -value could not be determined very 65 

accurately; a value of 90 ± 25 nm was estimated and a 
correlation of latter value with the length of the rod can be 
expected. The relatively large error in the ξ -value reflects 
the lack of extended data at lower Q. Inclusion of 
polydispersity, in particular in the rod length and/or 70 

allowance for flexibility in the rod could improve the fit at 
low Q as well, but introduces more fitting parameters than 
is justified by the data. As the rod length approaches the 
mesh size a more detailed 3-dimensional simulation would 
be required. The radius of the cylinder is in good agreement 75 

with the radius of the aromatic plane of 2, which confirms 
that in the n-hexane gel columnar stacks of 2 are present; 
this is also in line with the results of static light scattering 
experiments on more dilute samples,12 where, however, the 
particles appeared to be much larger (length 300 ± 50 nm, 80 

radius of gyration of the order of 90 nm). In the simulation 
of the SANS of the gel of 2 in n-hexane, the alkyl tails do 
not appear to contribute to the cylinder radius, which is 
identical to the observation to the aggregates of 1 in toluene, 
but different from the gel of 1 in chloroform (Table 1); this 85 

difference could point to a different role for the alkyl tails in 
the gels in chloroform and n-hexane, but could also be due 
to the lack of contrast between the alkyl tails and n-hexane. 
According to the cylinder-in-mesh model, the gel has an 
average mesh size of the transient network of chains of 90 

approximately 90 nm and these chains are built up from 
cylindrical aggregates. This compares well to the estimate 
of the diagonal which is L√3 with L ~ 50nm. The average 
length of approximately 20 nm found for these cylinders in 
the Pezron-modified model represents a persistence length 95 

or subunit length of inflexible cylinder fragments, as 
opposed to the more rigid cylinders with a length of 
approximately 53 nm found upon simulation with the 
cylindrical rod model alone (see above).  
 100 
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Fig. 7 Scattering intensity profile of 2 in n-hexane-D14 (crosses, [2] = 
4 mM) at 293 K and the fitted theoretical models (blue, cylinder; red, 

cylinder in a mesh). 

Intuitively, a gel is expected to be a hierarchically built up 
assembly containing very long, entangled fibres, such as 5 

obtained by solvent evaporation from the gel in the 
aforementioned AFM study, which also contains an artist’s 
impression of the interaction of the fibers in the gel.13 
However, the SANS measurements indicated the presence 
of only relative small columnar aggregates (approximately 10 

70 molecules per stack) in both the gels of 1 in CDCl3 and 
of 2 in n-hexane-D14. Static light scattering experiments of 
the assemblies of 2 in n-hexane previously suggested the 
presence of rod-like particles with an average length of 300 
nm,12 a much larger value than derived for the length of the 15 

columnar stacks from the SANS data of 2 in n-hexane-D14. 
Although the static light scattering result was obtained on 
much more dilute solutions, and was analysed without 
consideration of the shape of the aggregate, and dimensions 
are generally somewhat overestimated by light-scattering,16 20 

the discrepancy between the stack sizes of 2 determined by 
the two techniques is very large in this case. The difference 
likely originates from the difference in Q-range. Whilst 
light scattering techniques yield information about the 
global dimensions of the assemblies, SANS studies yield 25 

more information about the local organisation within the 
assemblies. It should also be noted that the plateau or 
Guinier regime, which allows an independent estimation of 
the radius of gyration Rg (and from there the cylinder length 
L via the relation Rg

2=L2/12 from the relation QRg < 1), can 30 

be just detected in the SANS pattern of the dispersion of 1 
in toluene (Fig. 4B) but is not visible in those of the gels of 
1 in chloroform (Fig. 4A) and of 2 in hexane (Fig. 7); 
However, L and R are both parameters of the whole form 
factor and are obtained in good accuracy from the Q-35 

dependence. Nevertheless, the cylinder lengths L derived 
from the SANS simulations should probably be considered 
as lower limits. As a result, the SANS-derived dimensions 
of the cylindrical assemblies of 1 in CDCl3 and 2 in n-
hexane-D14 obtained by SANS can be interpreted as a sort 40 

of  persistence length or subunit length of these assemblies. 
A similar approach was taken in SANS studies of oligo(p-

phenylenevinylene)s, where the upturn at low Q was taken 
as evidence of entanglement of smaller units, for which the 
length found by SANS corresponded to the persistence 45 

length as derived from AFM.17 In a study on the behaviour 
of poly(benzyl methacrylate) in ionic liquids, the upturn 
was interpreted as due to the coexistence of dispersed 
polymer chains and larger clusters.18 Especially since the 
SANS measurements were performed in a gel and a solid-50 

cylinder model was applied to describe the data, such an 
interpretation seems justified.  On the contrary, a worm-like 
description of the scattering intensities seems inappropriate 
as it would defer the discussion of mesh sizes and the 
corresponding macroscopic gelling of the samples to that of 55 

a single chain character of dilute semi-flexible chains in 
solutions that do not gel. The upturn of the intensity would 
then be associated with contributions of correlated distances 
exceeding those of the stiff segment length. 

Experimental section 60 

General 

Chloroform was distilled from CaH2 prior to use. n-Hexane 
was distilled over Na prior to use. NMR spectra were 
recorded on Bruker DPX-200, Bruker DMX-300 or Varian 
Inova-400 instruments. Chemical shifts are reported in ppm 65 

downfield with respect to the solvent peak. FT-IR spectra 
were recorded on a ThermoMattson IR300 spectrometer 
equipped with a Harrick ATR unit and the compounds were 
measured as a solution or a film. UV-vis spectra were 
recorded on a Varian Cary 50 Conc spectrophotometer at 70 

ambient temperature. CD spectra were recorded on a Jasco 
810 instrument equipped with a Peltier temperature control 
unit. STM experiments were carried out in the constant 
current mode on a home-built setup by applying a droplet of 
a solution of 1 in 1-phenyloctane to a freshly cleaved HOPG 75 

surface.  
 

Syntheses 

The syntheses of 110 and 212 have been described 
previously. 80 

 

SANS experiments 

SANS experiments on 1 were performed at the KWS1 
spectrometer at the FRJ-2 Dido Reactor at Jülich, 
Germany.19 The SANS experiments on 2 in n-hexane-D14 85 

were performed at the small angle scattering instrument D11 
at the Institute of Laue-Langevin in Grenoble, France.20  

Conclusions 

We have shown that in chloroform the amide-linked 
porphyrin disks 1 and 2 self-assemble into well-defined 90 

columnar stacks as a result of hydrogen bonding and π-π 
interactions, after exceeding a critical aggregation 
concentration (e.g. 0.2 mM for 1). In n-hexane, a solvent in 
which the π-π interactions are enhanced, the porphyrin 
trimers self-assemble into columnar stacks at micromolar 95 

concentrations. In toluene the self-assembly is weakest and 
SANS studies revealed the presence of stacks of 1, resulting 
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in cylindrical rods with a relatively short aspect ratio (radius 
2.3 nm, length 5.3 nm, corresponding to a stack of 
approximately 7-9 trimers). In chloroform, stacks of 1 
contain about 70 trimers (radius 3.5 nm, length 43 nm), a 
number that decreases upon an increase in temperature or a 5 

decrease in concentration. In n-hexane, self-assembly is 
strongest and SANS studies on a gel of 2 and this solvent 
indicated that it had a transient network chain of 
approximately 90 nm, built up from cylindrical aggregates 
of 2 with an average length of 20 nm (radius 2.3 nm) within 10 

a specific approach for gels.  
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Text of Table of Contents Graph: 
‘Columnar stacks are intermediates in the solvent-dependent self-

assembly of benzene triscarboxamides to more highly organized 
structures such as gels’ 
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