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The aggregation of a steroid-functionalised porphyrin derivative occurs with the formation of J-type 
chiral species. Spectroscopic and SEM studies indicate that the initial concentration of the macrocycle 
strongly influences the morphology of the final mesoscopic structures, as a consequence of a change of 10 

the mechanistic course of the self-assembly process. Fibrillar structures are obtained at low porphyrin 
concentration, whereas aggregates of globular shapes are formed on increasing substrate concentration. 
Molecular mechanics investigations gave insights on the intimate nature of the driving forces that govern 
the self-assembly process, pointing out the importance of ring distortion, of intramolecular steroidal OH - 
π hydrogen bond, as well as dispersion forces among the tetrapyrrolic platforms.  15 

Introduction 

Steroidal-porphyrin derivatives are of interest owing to their 
application in many fields, such as, among others, molecular 
recognition,1 catalysis,2 biomimetic machineries,3 and medicine.4 
Our interest toward this class of molecules5 sprung from their 20 

aptitude to yield, under particular conditions, extended aggregates 
featuring supramolecular chirality.6 The supramolecular 
chirogenesis is the result of the presence of the steroid groups, 
which drive the self-assembly process to the formation of chiral 
suprastructures.7 The strong aggregation propensity of these 25 

compounds is endowed by the extended π−electronic distribution 
of the porphyrin scaffold.  
 In the present work we have undertaken a deep study of the 
aggregation properties of a cholic-acid appended porphyrin 
derivative (H2CholP; Chart 1), with the aim to investigate the 30 

effect of the reaction conditions on the chiroptical features of the 
final suprastructures and on the mechanism of their formation. 
Molecular Mechanics (MM) investigation has also been 
performed in order to gain information on the intimate nature of 
the forces that govern the formation of the supramolecular chiral 35 

assemblies. We may anticipate that the cholic moieties, owing to 
its bowl-conformation with one polar face (three hydroxyl 
groups) and an extended hydrophobic area, play a fundamental 
role in the self-assembly process. 

Results and Discussion 40 

Aggregation studies 

 The title cholic-acid based porphyrin has been prepared and  

Chart 1. Molecular structure of the porphyrin H2CholP studied in the 

work. 
 45 

fully characterised by following published procedures. Methyl 
cholate was condensed with pyrrolyl magnesiumbromide to give 
the dipyrrylsteroid precursor that was subjected to Lyndsey 
condensation with benzaldehyde and oxidation with DDQ.8 The 
molecular structure of the final product is shown in Chart 1. The 50 

two appended steroidal moieties, owing to the presence of three 
hydroxyl groups, imbue the whole structure with an amphiphilic 
character, allowing for some solubility in aqueous solvents. 
Moreover, these groups should act as chiral effectors during the 
recognition process, which is initiated during the formation of 55 

self-assembled supramolecular aggregates.9 
 Aggregation studies have been carried out in 
water/dimethylacetamide (DMA) solvent mixtures at micromolar  
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Figure 1. (Left) Spectral variation of H2CholP (3.0 x 10-6 M) with time in 

DMA/H2O 58/42 (v:v) at T = 298.15 K. (Right) Corresponding kinetic 

plot followed at λ = 417 nm. 
 
concentrations.‡ In all of the cases the samples have been 5 

prepared by following the same protocol consisting of the 
addition to a preformed solution of the porphyrin in DMA of the 
amount of water to give the investigated solvent composition. In 
DMA rich solvents the porphyrin is in monomeric form, with the 
Soret band featured at 417 nm. The increase of water content 10 

fosters the aggregation process, as indicated by a typical red shift 
of the Soret band to ca 430 nm, along with a strong hypochromic 
effect and band broadening. The bathochromic shift indicates the 
formation of aggregates with J-type morphology.10 The extent of 
aggregation depends on the solvent composition, being complete 15 

at water proportion higher than 40% (v:v).  

Kinetic studies 

Kinetic studies were carried out with a DMA/H2O solvent 
mixture of 58:42 (v:v) as this solvent precise composition gave 
optimal reaction rates, to be conveniently monitored by 20 

conventional spectroscopic means, and good solubility of the 
substrate. A precise protocol of preparation of the solution has 
been strictly followed, consisting in the addition of the required 
amount of water to a preformed porphyrin solution in DMA (see 
experimental section). This ensures the highest reproducibility of 25 

the spectral and mechanistic results.11 At higher water proportion 
the reaction is complete within the time required for the 
preparation of the samples, whereas in more rich organic solvent 
media, the aggregation rates are too low for an accurate 
evaluation of the data. The concentrations of the porphyrin span 30 

within one order of magnitude, from 3.0 to 10 µM. All UV-Vis 
spectra showed a clear isosbestic point at ca. 422 nm, indicating 
that equilibrium between monomers and aggregates of similar 
morphologies actually takes place (Figure 1a), with no evidence 
of formation of intermediate species.  35 

The aggregation features are strongly dependent on the initial 
concentration of the macrocycle. The aggregation at low 
concentration (i.e. from 3 to 5 µM), showed a peculiar biphasic 
behaviour, in which an initial aggregation process is followed by 
a slower step, likely involving a structural rearrangement of the 40 

first-formed species. This is represented in Figure 1B, in which 
the changes of the Soret band absorption maximum at λ = 417 nm 
are reported against time. 
The analysis of the kinetic decay has been carried out according 
to the following equation, successfully employed in the cases of 45 

porphyrin aggregation on chiral templates:12 
 

Abst = Abs∞ + ∆Abs1exp(-k1t)
β1 + ∆Abs2exp(-k2t)

β2       (1) 

Figure 2. Kinetic plot (λ = 417 nm) of the aggregation of porphyrin 

H2CholP (1.0 x 10-5 M) in DMA/H2O 58/42 (v:v) at T = 298.15 K. 50 

 
where Abst is the observed absorbance at a given time, Abs∞ is 
the absorbance at infinite time (i.e. reaction completion), and 
∆Absi, ki and βi are the absorbance changes for the two stages, 
their rate constant values and the associated exponential factors, 55 

respectively. A stretching factor β > 1 indicates the occurrence of 
a cooperative process, whereas a value β < 1 indicates a 
diffusion-limited phenomenon. A value of β = 1 indicates a 
reaction-limited (i.e. first-order) process. The data are reported in 
Table 1. In the cases considered, both the steps are characterised 60 

by a high degree of cooperativity, with the first step being faster 
than the second one, by about one order of magnitude. As far as 
the first step is concerned, the rate constant values increase with 
increasing initial porphyrin concentration. Conversely, the rate 
constant of the second step is almost independent of the 65 

porphyrin concentration.  
Recent examples of stepwise formation of aggregate species have 
been reported. Borissevitch showed that in the acid-fostered 
aggregation of a water-soluble tetra-sulphonatophenyl porphyrin, 
initially formed structures with face-to-face H morphology 70 

evolve into J-type ones with time.13 Same behaviour has been 
observed in the case of water insoluble thiophene-based dendritic 
porphyrin. In this case the kinetic of H- to J-form conversion 
depends on the degree of branching, being slower for higher-
generation derivative, owing to its more favourable π−π self-75 

interaction.14  
In our case, according to the UV-Vis spectral changes, we 
observed only an initial formation of aspecific structures 
(broadening and hypochromic effect, with no absorbance shift), 
which subsequently rearrange themselves into specific red-shifted 80 

J-type forms. We may surmise that an initial faster interaction 
occurs, governed by π−π and London dispersion forces, followed 
by a structural slower rearrangement at molecular level, dictated 
by subtle factors such as intramolecular hydrogen bonds and 
plane distortions due to the peculiar structure of the cholic 85 

moieties. These structural rearrangements biases then a specific 
geometry of interaction at supramolecular level, leading to the 
final ordered suprastructures. This hypothesis has been 
corroborated by further CD and MM studies (vide infra).  
A change of mechanism is found on further increase of the 90 

concentration of the substrate. By carrying out the aggregation at 
10 µM, for example, only a single evolution step is observed 
(Figure 2). In this case the data can be fitted by a stretching 
exponential equation (Equation 2). This finding indicates the 
occurrence of a diffusion limited aggregation process (DLA) that  95 
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Figure 3. (Left) CD spectral variation of H2CholP (3.0 x 10-6 M) with time 

in DMA/H2O 58/42 (v:v) at T = 298.15 K. (Right) Corresponding kinetic 

plot for the reaction followed at λ = 426 nm. 
 
implies the formation of aggregate clusters that grow by further 5 

inclusion of monomers. This mechanism has been reported in the 
literature to be operative in the random growth of systems 
constituted by clusters of solid particles (e.g. metals, latex).15 
 

Abst = Abs0 + (Abs∞ - Abs0)[1- exp(-kt )β] (2) 10 

 
where Abs, k and β have the usual meaning. However, in this 
precise case the stretching factor β is required to be < 1. 
Evidently the increase of the concentration favours the rapid 
formation of aggregation nuclei, likely constituted by a small 15 

number of macrocycle units, slowly evolving into larger forms. 
We recently observed a similar behaviour in the aggregation of a 
related steroid appended porphyrin,5a, 16 in which the increase of 
concentration biases a change of mechanism from autocatalytic to 
a diffusion controlled one. The kinetic parameters of the complete 20 

aggregation process are reported in Table 1. 
 
Table 1. Kinetic parameters for the aggregation of H2CholP

(a) 
[H2CholP], 

µM 
k1/10-3 s-1 k2/10-4 s-1 β1 β2 

3.0 5.9 (±0.1) 4.9 (±0.1) 1.91 (±0.09) 3.64 (±0.05) 
5.0 8.9 (±0.1) 4.1 (±0.1) 1.83 (±0.03) 3.92 (±0.03) 

10.0(b) 12 (±1)  0.56 (±0.01)  
10.0(b, c) 13 (±1)  0.63 (±0.04)  

(a) In DMA/H2O 58/42% (v:v) at T = 298.15 K; followed by UV-Vis 
spectroscopy (λ = 417 nm); values calculated according to Eq.1. (b) Values 25 

calculated according to Eq. 2. (c) Followed at λ = 430 nm. 
 
It is worth of noting that, as reported on the case of the 
experiment carried out at 10 µM concentration, the calculated 
kinetic parameters obtained by following the spectral evolution at 30 

different wavelengths are identical within the experimental errors, 
ruling out the formation of intermediate species during the 
aggregation process. 
Change in porphyrin aggregation mechanisms has been recently 
reported in the literature. This can be the effect of the increase of 35 

the macrocycle concentration, or an effect of the change of bulk 
solvent properties, such as ionic strength or pH of the solution, as 
found for acid fostered aggregation of charged water-soluble 
species.17 All these factors may have strong influence on the 
critical stage of monomer nucleation, biasing the mechanistic 40 

course of the process. In our case we may surmise that the 
increase of initial monomer number in solution favours the 
formation of small porphyrin clusters that successively grow by 
random inclusion of further macrocycles (DLA mechanism). 

Figure 4. SEM images of the aggregate obtained in DMA/H2O 58:42 (v:v) 45 

at H2CholP 3.0 x 10-6 M (Left. Inset: enlargement of a structure obtained 
in the same conditions, scale bar 5 µm); at 1.0 x 10-5 M (Right). 

Circular dichroism studies 

Circular dichroism spectroscopy studies showed that the 
aggregation occurs with the formation of chiral suprastructures. 50 

This is certainly due to the interaction of the steroid chiral 
moieties that imprint an overall asymmetry to the growing 
species. In all of the cases considered, the aggregation occurs 
with formation of chiral suprastructures, as indicated in Figure 3a 
in which is reported the time evolution of the CD spectrum, for 55 

the aggregation carried out at 3 µM concentration. The observed 
complex spectral pattern, results from the superimposition of two 
coupled bands; the one at lower energy (λmax = 426 nm) is more 
intense and shows a -/+/- sign, while the band at higher energy 
(λmax = 420 nm) is less intense and features a -/+ spectral profile. 60 

This pattern, according to studies recently reported in the 
literature18 indicates the formation of porphyrin architectures with 
rod-like morphology, in which the J-aggregate species show 
excitonic coupling along preferential space directions.19 
Moreover, careful comparisons to the UV-Vis results obtained in 65 

the same reaction conditions gave useful insights for the full 
comprehension of the phenomena involved. 
A plot of the maximum of CD intensities (e.g. at 426 nm) vs time 
reveals that appreciable dichroic signal arises from the 
background only after an initial induction time, which 70 

corresponds to the completion of the first aggregation stage 
observed by UV-Vis spectroscopy (Figure 3b).  This should 
imply that in this faster initial step only aspecific non-chiral 
species are formed. These species subsequently evolve into 
structures possessing supramolecular chirality during the slower 75 

second step, which should then imply a molecular rearrangement 
of the initially formed structures. Moreover, the intensities of the 
CD signals, although showing the same pattern, strongly depend 
on the aggregation conditions. The species formed at lower 
concentration (i.e. biphasic kinetic regime) in fact feature CD 80 

bands showing higher intensities up to four orders of magnitude 
with respect to those formed at higher concentration, upon DLA 
mechanism (i.e. from ca. 3 x 106 to 150 deg cm2 dmol-1).  
These findings clearly indicate that the spectral pattern, although 
of reduced intensity, is retained on changing the aggregation 85 

mechanism. This indicates a constancy of the local geometry of 
interaction, although of reduced strength, due to an increase of 
the platform mutual distance that causes a reduction of the 
coherence length (i.e. the number of electronically coupled 
macrocycles).20 The formation of structures with looser 90 

porphyrin-to-porphyrin interaction should be safely inferred to an 
effect of steric hindrance that increases of importance on 
increasing the monomer concentration. In chirally-templated 
aggregation studies of water-soluble derivatives reported by 
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others17b the increase of porphyrin concentration cause a 
structural change of the aggregates from fractal to rod shape, with 
a concomitant inversion of the CD spectral pattern. On further 
increasing the porphyrin concentration, smaller rod-type 
structures are formed, due to a reduced steric hindrance. The local 5 

structural change has been inferred to the effect of the 
electrostatic repulsion between the charged porphyrins that 
increases by increasing the concentration.21 In our case of 
uncharged moieties, this effect should be not operative, leading to 
a constancy of the local symmetry. It is worth of noting that the 10 

CD spectral pattern observed is different from those of related 
steroid-porphyrin derivatives studied by our group5, 16 indicating 
the crucial effect of the structure and number of substituents on 
the periphery of the macrocycles. 

Scanning electron microscopy (SEM) studies 15 

Scanning electron microscopy studies have been carried out in 
order to acquire information on the morphology of the 
supramolecular species obtained. The results have been reported 
in Figure 4, in which the strong differences in the overall 
morphology of the species obtained at different concentration are 20 

highlighted. The samples have been prepared by simple filtration 
of the solutions of the aggregates through nylon filters, with cut-
off of 0.45 µM (see experimental section). In all of the cases the 
filtrate solutions did not show any residual porphyrinic material, 
as indicated by UV-Vis check (Soret band). At lower 25 

concentration (i.e. from 3 to 5 µM), where biphasic kinetic is 
observed, large helicoidal structures, hundreds of micrometres 
long and ca. 20 µm wide, are obtained (Fig. 4 Left). A closer 
inspection (inset of Fig. 4 Left) reveals that the assemblies are 
composed by bundles of entangled smaller fibrillar structures 30 

about 10 µm wide. On the other hand, the structures obtained at 
higher concentration (10 µM) showed aspecific globular 
morphology, with diameters varying approximately from 5 to 15 
µm (Fig. 4 Right). This is certainly due to their different 
mechanism of formation  (DLA), and this should also explain the 35 

highly reduced ellipticity of the corresponding CD spectra. 
However, the close similarity of the shapes of the dichroic signals 
that are featured indicates that, at a short range, a similar mutual 
geometrical arrangement of the porphyrin units is maintained, 
although with a reduced degree of long-range order. 40 

Molecular mechanics (MM) studies 

MM calculations have been carried out with the aim of gaining 
information on the nature of the forces that govern the intimate 
structure of the supramolecular assemblies. We recently took 
advantage of this method to get structural information about a 45 

porphyrin-based metalloenzyme mimick.22 
The conformational properties of a single porphyrin unit has been 
investigated adopting the following procedure: a) the conformers 
arising from internal rotation around the torsional angles of the 
side chains linking the steroid to the porphyrin (Figure ESI 1) 50 

were built up by making use of the rotational isomeric state 
model according to standard bond angles and lengths; b) the 
conformational energy was then optimized minimising the 
potential energy comprising electrostatic, stretching, bending, 
nonbonding, hydrogen bond, and torsional interactions, 55 

implemented in the MM4 force field.23 The “apparent relative  
 

Figure 5. Minimum energy structure of the porphyrin monomer, 
evidencing the non-conventional H-bonds between the steroid moieties 
and the meso-phenyl groups (hydrogen atoms are omitted for clarity). 60 

 
dielectric constant” of the solvent mixture has been implicitly 
taken into account in the calculation.¥ The results showed that the 
single porphyrin units feature a deepest energy minimum with a 
distorted structure, caused by the steric hindrance of the bulky 65 

steroid groups. Additionally, this distortion allows for the build 
up of two non-conventional H-bonds among the hydroxyl groups 
of the steroid moieties and the aromatic electronic distribution of 
two adjacent meso phenyl rings and one pyrrole unit of the 
porphyrin macrocycle (Fig. 5), with a mean distance of 2.93 Å 70 

(O - phenyl centre of mass) and an angle of 168 deg. 
This kind of interaction has been widely recognised to act an 
effective role in stabilising local 3D structures of proteins,24a, b or 
to act as “reserve acceptor” in biomolecules.24c This interaction, 
and the steric crowding of the steroidal groups, cause a deviation 75 

of the porphyrin ring of ca. 0.12 Å from planarity, reaching a 
typical saddled conformation.25 The distortion of the molecular 
frame from the planarity is usually steered by the out-of-plane 
coordination of “large metal ions”, as well as nitrogen core 
protonation, interaction with metal surfaces26 or, as in our case of 80 

a free-base derivative, by the presence of crowded peripheral 
moieties. Senge and coworkers for example, reported on the 
saddling effect of β-alkyl substitution on tetraphenyl porphyrin 
derivatives, with deviation of planarity from 0.10 to 0.46 Å, 
depending on the degree and on the regiochemistry of 85 

substitution.27 It is interesting to note that all these described 
structural arrangements lead to a molecular structure that is 
characterized by an extended hydrophobic surface (Fig. ESI 2), 
which is prone to interact with other aromatic platforms by π−π, 
and London dispersion forces. This strongly corroborates the 90 

experimental findings that indicate that the formation of the 
aggregates is driven by hydrophobic effects, with the solvent 
playing a pivotal entropic factor. 
We repeated the modelling by explicitly considering the 
interactions with the solvent molecules. The values obtained by 95 

considering the limit cases of pure DMA or pure water are very 
similar to the values obtained by considering the implicit solvent. 
In the case of pure water, for example, the O-phenyl centroid 
distance is only slightly increased to 3.10 Å by the effect of 
hydrogen bond with vicinal water molecules (See Table ESI 1 100 

and Figure ESI 3 for details). These small variations confirm that 
the contribution of the solvation is mainly entropic in nature.  
As far as the construction of the supra-assemblies is concerned, 
we initially studied the possible stepwise arrangements of the 
platforms taking into account their well-recognised tendency to 105 

aggregate by means of π−π interactions. In particular, we started  
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Figure 6. Lateral (left) and top (right) view of the 20-mer structure. 

 

from a parallel disposition of the two macrocycles by varying the 
initial position of the centres of mass and the relative orientation. 
For each starting point, during the process of energy 5 

minimization, the two porphyrins can translate or rotate without 
constraints. Due to the steric hindrance of the two steroid groups, 
the porphyrin rings can approach each other in a parallel fashion 
to a bonding distance (e.g. less than 10 Å) only if they are 
mutually rotated of about 90 degrees. For example, the minimum 10 

energy structure of the dimer shows a distance between the 
macrocycle platforms of 5.06 Å in good agreement with the 
typical values that are often found in X-ray structures of 
solid-state assemblies of related species.28 Remarkably, this 
interaction fosters the final structure to reach a J-type 15 

arrangement, as also indicated by the red-shifted bands of the 
UV-Vis spectra of the aggregates, and impresses a 
supramolecular helicity to the growing architecture. The 
intramolecular H-bond is maintained (d = 3.28 Å; 155 deg), while 
the ring distortion is further increased to a value of 0.36 Å). 20 

We used this energy-minimised dimeric motif to build up a 
multimeric structures. As expected, after the subsequent energy 
minimization, the structure preserves the local main features, that 
is: i) similar distances among the porphyrin planes; ii) the J-type 
arrangement; iii) intramolecular HBs, and iv) similar ring 25 

distortion from the planarity. During the assembly process, the 
energy per monomer value improves increasing the number of 
building blocks, and it tends to a plateau when the contribution of 
first and last porphyrins becomes negligible, namely at 20 
macrocycle units (Fig. ESI 4), corresponding to a final 30 

stabilisation energy of about 155 kJ mol-1. Multimers are 
arranged to form, on average, a right-handed helix that has a 
monomeric repeat of 5.08  ± 0.50 Å, and a number of monomers 
per turn equal to 5.5 ± 0.5 (Fig. 6). The values are in good 
agreement to those reported for related porphyrin chiral 35 

suprastructures possessing two aminoacid derivatives in the 
meso-position of the periphery of the ring.29 In this latter case the 
energy per molecule is about 242 kJ mol-1. The higher value 
reported can be accounted for by the closer approach of the 
porphyrin planes (4.6 Å), due to the reduced steric crowding of 40 

the aminoacid residues with respect to that of the steroid moieties  

Figure 7. Calculated structure of two supercoiled decamers after energy 

minimisation. 

 

present in H2CholP. 45 

Finally, we studied the interaction of two right-handed helical 
decamers, as a basic model for the fibrillar assemblies observed 
by SEM images, starting from their symmetric helices. We 
observed a spontaneous tendency of the structures to wrap to 
form a superhelix, optimising the non-bonding interactions 50 

between the external hydrophobic surfaces, with a further energy 
gain of about 53 kJ mol-1 (Fig. 7). This additional gain of energy 
should constitute the driving force for the assembly of the 
mesoscopic structures observed by SEM microscopy.  

Experimental 55 

General 

Spectroscopic measurements were performed on a Varian Cary 
1E spectrophotometer at room temperature unless otherwise 
indicated. CD spectra were recorded on a JASCO J-600 
spectrometer with the cell holder thermostated at 298 K, and 60 

purged with ultrapure nitrogen. All the solvents employed are of 
spectroscopic grade and used as received. Distilled water used for 
kinetic and spectroscopic purposes was of Milli-Q (Millipore) 
grade. The porphyrin stock solutions were prepared by dissolving 
the proper amount of porphyrin in the required volume of DMA 65 

to give final concentration in the order of 10-3 to 10-4 M. The 
solutions obtained, used within one week of preparation, were 
passed through nylon syringe filters (Albet®; 0.45 µm porosity) 
prior to use. 

Synthesis 70 

The porphyrin derivative (5,15-bis(3a,7a,12a-trishydroxy-24-nor-
5β-cholan-23-yl)-10,20-diphenylporphyrin) used in the work has 
been synthesized by following published procedures.8 Log ε 
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(DMA; λmax 417 nm): 1.21 x 105 l mol-1 cm-1. 

Aggregation and kinetic studies 

Suitable solutions for aggregation (UV-Vis and CD) and kinetic 
studies were prepared as follows. Proper aliquots of porphyrin 
stock solution (e.g. 15 to 50 µL of a mM stock solution) were 5 

added to the proper amount of DMA in a 4 mL glass vial to 
obtain solutions with the needed concentration of µM range. To 
this solution the exact amount of water was added to obtain the 
required solvent composition, and the resulting solution 
vigorously shaken to ensure homogeneity of the sample. A ca. 3 10 

mL portion was transferred in a 1 cm quartz cuvette and the 
relative spectra acquired. In the case of faster reactions the 
solutions for the kinetic experiment were directly prepared in the 
cuvette. The kinetic parameters were obtained by non-linear least-
squared regression fit (Kaleidagraph® program, Synergy 15 

Software, 2003) over hundreds of experimental data points. Entry 
absorbance values used for the calculations were obtained in non-
aggregative conditions (e.g. 80:20 DMA/water, v:v) and at 
completion of the aggregation process. The calculated values 
showed good correspondence to the experimental ones, indicating 20 

the validity of the equations used for the fitting procedure. The 
kinetic experiments were run in duplicate and the results obtained 
were in good agreement within the experimental error (± 5%; r2 ≥ 
0.9992). The ki and βI entry values relative to the biphasic 
kinetics were obtained by performing separated non-linear 25 

regression for the two aggregation steps. Once obtained, these 
values were used as entries for the whole combined equation 1. 
The parameters have been further adjusted one at time, until the 
best r2 value was achieved. A final run was then performed to 
give the results, as reported in Table 2 (r2 ≥ 0.9991). 30 

SEM studies 

The samples have been prepared by simple filtration of the 
solutions of the aggregates through nylon filters, with cut-off of 
0.45 µM (see experimental section). The filter surfaces have been 
subsequently analysed by means of a FE-SEM LEO/Supra 35 35 

instrument. 
 

Conclusions 

In conclusion we may summarise that the steroid-functionalised 
porphyrin derivative studied in this work undergoes a 40 

transformation into chiral J-type aggregates in mixed DMA/water 
solvent mixtures. The morphology of the species obtained 
strongly depends on the aggregation mechanism, which is in turn 
modulated by the initial concentration of the porphyrin building 
blocks. MM calculations point out the striking role of the 45 

hydrophobic effect, as well as the onset of hydroxyl-aromatic 
interactions, in the overall driving forces that govern the chiral 
self-assembly process. The results obtained will be of importance 
also for the study of the origin of the homochirality and chiral 
amplification in synthetic and natural systems.30 50 
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