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Abstract 

This focused review deals with self-organization of diamondoid supramolecular complexes that 
are held together by intermolecular interactions. The cluster formation of diamondoid molecules 
in the very weakly interacting environment of superfluid helium droplets was experimentally and 
theoretically investigated. Diamantane and derivatives like diamondoid ethers, alcohols, and 
acids offer a variety of geometries and intermolecular interactions contributing to the shape and 
stability of the formed complexes that were examined and compared. For hydrocarbons and 
ethers London dispersion was the main driving force for cluster formation but the clusters of the 
two series differed in magic number abundancies. On the other hand, hydrogen bonding provided 
diverse supramolecular networks for alcohols and carboxylic acids, with cage substitution 
patterns playing a significant role for resulting cluster structures. 
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1. INTRODUCTION 

Supramolecular self-assembly is a fundamental process that leads to the emergence of a 
condensed phase and ultimately to bulk matter. Non-covalent interactions are often crucial for 
directing molecular orientation in conglomerates and steer the structural layout of the arising 
networks. However, since non-covalent interactions are so ubiquitous between molecules, it is 
sometimes challenging to resolve their effect on studied processes. This is especially true for 
individually weak interactions like London dispersion that, however, quickly add up with 
increasing system size.1-3 Intermolecular dispersion is often attenuated in organic solvents,4-7 but 
recent studies demonstrated that intramolecular dispersion interactions do not necessarily cancel 
out irrespective of the solvent used when a suitable system (molecular balance) is considered.8, 9 
Moreover, in organic supramolecular complexes in solution dispersion is perhaps the most 
frequently encountered non-covalent interaction type but varies significantly with the 
polarizability of the used media.10 By fundamentally understanding and then applying non-
covalent interactions in material networks design one gains access to more dynamic and tunable 
architectures since their intermolecular binding is more fluid and, most importantly, reversible 
when compared to typical covalent bonds. Additionally, reorganization of individual molecules 
during self-assembly circumvents possible kinetic pitfalls.11 

Since dispersion is such an important driving force for molecular aggregation, a need to assess 
and quantify its effect on the cluster formation processes without significant solvent interference 
has led to challenging new research directions and uncommon media. One such medium that is 
essentially non-disruptive but still able to solvate organic molecules of interest is helium, or 
more specifically, superfluid helium nanodroplets. Expansion of precooled gaseous helium into 
high vacuum at cryogenic temperatures results in a formation of droplets (Figure 1),12-16 which 
trap various dopant atoms and molecules after collision.17-19 Helium nanodroplets are therefore 
small reaction chambers for dopant cluster formation and the released binding energy is 
elegantly dissipated by helium atom evaporation.20-25 The advantage of superfluid helium as a 
solvent lies in its weak He…He and He…dopant interactions, causing a negligible perturbative 
effect on dopant clustering. It is therefore ideal for suspending van der Waals complexes and can 
often lead to unusual structures that would not form readily in the gas phase (e.g., review in ref. 
22). Especially noteworthy in this regard is the early work by the Roger Miller group that found 
unusual cluster formation of HCN26 as well as cyclic water hexamers in helium droplets.27 High 
spin clusters of alkali atoms have so far also only been observed in helium droplets.18, 28 
Although many literature examples detail clusters of small organic molecules in helium 
nanodroplets, a smaller body of literature exists on clusters of larger molecules, some examples 
being fullerenes,29-33 acenes34 and polycyclic aromatic hydrocarbons,35-37 perylene bisimide,38 
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large perfluoroethers,39 camphor,40 rhodamine B,41 phthalocyanine,42 hemin,43 peptides,44
 

proteins,45 nucleobases, etc.46, 47 

 

 

Figure 1. Schematic representation of the experimental setup21, 24, 25 for helium nanodroplets 
generation and cluster detection. Experimental conditions used for diamondoid derivatives: 
Tnozzle between 11.5 and 12.5 K and p0 = 60 bar, corresponding to mean droplet diameters of 40 
to 60 nm and 1 × 106 to 3 × 106 helium atoms/droplet; for mass detection Iem = 6.8 mA and Eel = 
90 eV. 

We have used diamondoids, naturally occurring cage hydrocarbons that structurally resemble a 
diamond crystal lattice,48 for  studying non-covalent interactions with an emphasis on London 
dispersion. Since diamondoids are good dispersion energy donors49, 50 and can be diversely 
chemically functionalized,48 they are a suitable scaffold for intermolecular interaction probing in 
a helium nanodroplet medium. We previously studied the influence of intermolecular 
interactions and dispersion on diamondoid self-organization but our focus was on the processes 
occurring either on the solid carrier surface51-54 or in the gas phase.55-58 Our consideration of 
helium was due to a curiosity about the behavior of solvated yet unperturbed diamondoid 
derivatives, especially during the interplay of hydrogen bonding and dispersion attraction acting 
on the same molecule. Thus, diamondoids and their derivatives up to now studied in helium 
nanodroplets are adamantane (1) and diamantane (4), adamantane alcohol 2 and carboxylic acid 
3, diamantane alcohols 5, 7 and 8 and carboxylic acids 6, 9 and 10, as well as mixed ethers 11–
13 consisting of more than one diamondoid cage (Figure 2). 
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Figure 2. Studied diamondoid molecules forming clusters in helium nanodroplets. Molar masses 
of compounds in g mol–1 given in parentheses. 

Let us briefly consider the proposed cluster formation process. First one heliophilic diamondoid 
molecule is introduced inside the helium nanodroplet and the system in this initial phase consists 
of the dopant molecule, a helium atom shell surrounding the dopant (the so-called snowball 
effect emerges) and the remaining superfluid helium existing as indistinguishable bosonic 
particles. Since helium atoms engage with other species through an induced dipole mechanism 
(partaking in London dispersion interactions) and since diamondoid cages are known dispersion 
energy donors, it follows that on their boundary dispersion interactions have significance. As 
more dopant molecules arrive in the droplet and the cluster starts to take shape, the weakly 
bound diamondoid-helium agglomerate is energetically inclined to rearrange so that the 
incoming molecules realize maximum close contacts with the already encased diamondoids. The 
helium shell is now modified to encompass the boundaries of the newly formed diamondoid non-
covalent adduct, similar to typical solvent behavior. Such process is plausible since both He…He 
and He…dopant interactions are relatively weak compared to the dopant…dopant interactions. 
Only in case of a very weak van der Waals interaction, like between an alkali atom and a rare 
gas, has helium formed a barrier preventing the formation of Rb-Xe with both species being on 
one droplet.59 

 

2. ADAMANTANE AND DIAMANTANE IN HELIUM NANODROPLETS 
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Dopfer and coworkers first described simple complexes of the adamantane radical cation with 
helium atom ligands as part of their exploration of fundamental hydrocarbon ions using helium-
tagging IR photodissociation spectroscopy.60 The investigation of cationic adamantane clusters 
employing helium-tagged electronic spectroscopy was later expanded on by others.61 However, 
the first description of a diamondoid molecule aggregation in helium nanodroplets was reported 
in 2017 by Scheier and coworkers.62 In their study of adamantane (1) clusters using time-of-
flight mass spectrometry, the authors identified irregularities in cluster abundances. Such higher 
than expected mass peaks in the distribution are termed magic numbers63 and belong to 
geometries of enhanced stability. The measurement entailed doping of helium nanodroplets with 
adamantane molecules followed by exposure of the formed aggregates within the droplets to 
ionization by high-energy species, either excited helium ions or metastable products formed by 
impacting the helium nanodroplets with energetic electrons. The process formed cations that 
were detected and identified by high-resolution mass spectrometry after evaporation of the 
helium atoms, caused by the excess energy released during ionization of species inside helium 
droplets. However, this energy release is not high enough to fragment the original dopant 
molecules. We have also shown previously for the same experimental set-up that clusters of 
V2O5 inside helium droplets did not fragment upon electron beam ionization, while complete 
fragmentation was observed in free cluster beams of V2O5 under the same ionization 
conditions.24 Thus, we are confident that the cluster size distributions shown in the following 
section represent the original distribution inside the droplets. 

As adamantane molecules in helium nanodroplets readily undergo radical cation generation, 
Scheier and coworkers identified singly, doubly and triply charged clusters by recording ion 
efficiency curves for several adamantane cluster ions of different charge states.62 The 
observation of higher charge states was restricted to the use of large helium droplets.62 While in 
our Graz experiments on V2O5 clusters each cluster size mass peak was accompanied by a 
sequence of additional peaks with a 4 amu spacing to higher masses, indicating the single or 
multiple attached helium atoms,24 no corresponding adamantane complexes with helium were 
observed in ref. 62. Especially noteworthy is that the observed magic numbers follow the same 
trend for all found charged clusters, the number of adamantanes in them being 13, 19, 38, 52, 61, 
70, 75, 79, 82, 86, 90, 94, 98, 104, 108, 112, 116, 120, and 124. As clusters of magic numbers 13 
and 19 can often be found for spherical structures (various atoms, fullerene molecules, etc.) that 
pack according to their inherent shape, the authors proposed a similar packing mode for 
somewhat spherical adamantane molecules, producing icosahedral (n = 13) and nested 
icosahedron (n = 19) aggregate structures. Note that an icosahedron forms spontaneously when 
spherical particles attract each other due to favorable entropy and spherical confinement itself. 
As the cluster size (and the number of somewhat spherical constituents) grows, further magic 
number clusters that result from face-centered cubic (fcc) packing can be identified.62 

While adamantane is the smallest diamondoid, diamantane (4) is the next representative in the 
series that is essentially a fusion of an additional isobutyl fragment to the adamantane skeleton. 
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Mass spectra of diamantane clusters in helium nanodroplets demonstrate a striking similarity to 
the ones found for adamantane clusters.64 Namely, the diamantane cluster sizes 13 and 19 are 
also of increased abundancy, despite diamantane molecule having a more cylinder-like geometry 
when compared to adamantane. Unlike adamantane, however, diamantane formed only mono-
charged clusters and no multiply charged assemblies were detected up to the investigated size of 
n = 60. Considering the molecular size difference and lower symmetry of diamantane compared 
to adamantane (D3d vs. Td), single molecule geometry features do not seem to be the decisive 
factor for determining the supramolecular magic number structures of the observed aggregates. 
Curiously, both hydrocarbons were found to crystallize in a cubic system. More specifically, 
adamantane crystal structure is face-centered cubic with space group Fm3m and is also 
orientationally disordered,65, 66 while diamantane crystallizes in the cubic Pa3 space group.67 
This observation from the solid state could hint to a reason why both of them demonstrate similar 
cluster abundancies in the helium environment. One can easily envision adamantane or 
diamantane icosahedron structures cut out from the cubic crystal lattice where the central 
molecule is orderly surrounded with twelve of its neighbors, with such diamantane fragment 
bearing a high degree of likeness to the computed structure of diamantane cluster of magic 
number 13.64 Namely, this computed structure consists of a central 1-diamantyl cation 
surrounded by six diamantanes in the middle plane and by three diamantanes on the top and three 
on the bottom, comparable to an icosahedral arrangement. This example demonstrates how 
maximizing intermolecular close contacts between bulky organic molecules results in a tightly 
packed structure that does not necessarily need to exhibit strict geometrical regularities. Such 
spatial flexibility also suggests that upon cluster size increase many molecular orientations can 
become energetically similar. 

Another experimental observation in common with both adamantane and diamantane clusters in 
helium nanodroplets is the presence of water molecules.64, 68 These clusters can uptake several 
molecules inside their structure, which eventually leads to the erosion of the parent hydrocarbon 
cluster. It is not surprising that water molecules form their own clusters interacting with 
hydrogen bonds and when their number increases the new network effectively destroys a much 
more weakly bound dispersion-bound framework. This process seems to be gradual, for 
example, the adamantane cluster n = 13 is first hydrated by replacing one adamantane molecule 
with a (H2O)21 water cluster while still maintaining its structural integrity.68 However, as water 
with its hydrogen bonds eventually starts to overtake the system, original cluster degradation is 
imminent. Similar holds true for the observed diamantane clusters; addition of water gives way 
to other stable structures and the characteristic magic numbers lose their spectral intensity 
(Figure 3). Note that no observation was made of a diamondoid molecule immersion into a 
structured water network, which is fully in line with a highly lipophilic nature of these 
hydrocarbons. 
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Figure 3. Normalized abundance of clusters consisting of n units of diamantane and additional 
water molecules. Magic number structures are marked with their cluster size. The three curves in 
each panel represent the helium nozzle temperatures applied in the experiments Tnozzle = 11.5; 

12.0; 12.5 K, which lead to initial droplet sizes of average diameters  60; 50; 40 nm, 
respectively (the larger the droplet size, the larger dopant aggregates can be accommodated). 
Adapted from reference 64  with permission from the Royal Society of Chemistry, 2021. 
Available under a CC-BY 3.0 license. 

Apart from mass spectrometry exploration, structures of diamondoid clusters in helium 
nanodroplets and the role of London dispersion in their aggregation were also studied using 
computational means, as already mentioned.64 After benchmarking,64 cluster geometries were 
obtained that confirmed numerous close contacts between diamondoid cages and a quantitative 
analysis provided the values for interaction energies. Dispersion as the only non-covalent 
interaction acting in these systems is therefore responsible for the formation and persistence of 
the observed clusters. 

 

3. DIAMONDOID DERIVATIVES IN HELIUM NANODROPLETS 

More complex diamondoid derivatives were also explored in this highly fascinating medium. As 
demonstrated, dispersion governs the condensation process for simple diamondoid clusters, be it 
through diamondoid-diamondoid, diamondoid-helium or helium-helium contacts. The next 
question is what happens when heteroatoms and more polar groups are introduced in the 



 8

diamondoid scaffold. In continuation we will therefore focus on such substituted organic 
molecules, starting with diamondoid ethers. 

3.1. Diamondoid ethers 

The ethers studied were 1,1'-diadamantyl ether (11), 1-adamantyl-1-diamantyl ether (12) and 4,9-
bis(1-adamantyloxy)diamantane (13) (Figure 2). The ethers were again introduced to a helium 
droplet medium and the resulting clusters were identified using time-of-flight mass 
spectrometry.69 The presence of an oxygen heteroatom nested between adamantane or 
diamantane cages certainly changes the whole physico-chemical nature of the diamondoid 
dopant and opens up new possibilities for the modes of interaction in the helium environment. 
Namely, the presence of lone electron pairs on the oxygen atom and the resulting increased 
electron density in that part of the molecule not only affects the molecular geometry but can also 
make the oxygen atom a viable hydrogen bond acceptor in the right conditions. It follows that 
such diamondoid ethers could combine two favorable interaction modes during cluster 
aggregation: dispersion effects through numerous intermolecular C–H bond contacts and lone 
pair-enabled non-covalent interaction. Although the oxygen is somewhat shielded on both of its 
sides with a bulky hydrocarbon cage subunit, the heteroatom effect is relevant since the observed 
clusters indeed show a different cluster abundance distribution when compared to adamantane 
and diamantane clusters.  

In fact, a significant magic number 7 was found for ethers 11 and 12, while ether 13 clusters had 
the highest abundancies pertaining to n = 3.69 In light of this observation, one can conclude that 
the packing inside the nanodroplets starts to be less predictable and more single-molecule-
geometry dependent when structurally more complex derivatives are introduced to the medium. 
It is reasoned that the ether oxygen exerts a strong influence on the surrounding environment and 
further exacerbates the structural breakdown of the helium shell around the dopant conglomerate. 
Ethers 11 and 13 resemble a shorter and a longer rod, respectively, while ether 12 is reminiscent 
of a T-shape. Together with a somewhat flexible C–O bond providing internal rotation, these 
molecular features ultimately lead to lower number cluster abundancies of distinctly different 
shape when compared with more compact diamondoid hydrocarbons. Our computations revealed 
that the rod-like ethers prefer to orient parallel to each other along their longest molecular axis, 
thereby maximizing intermolecular dispersion interactions acting inside the clusters and 
stabilizing the aggregates. This tendency can be connected with the observed magic numbers: 
structurally the most elongated ether 13 differs from the rest as it is the only one with a preferred 
magic number 3 abundancy. Due to its long interaction area on the molecule side, fewer 
individual molecules are needed to form a sufficiently stable supramolecular conglomerate. On 
the other hand, ethers 11 and 12 that both exhibit magic number 7 abundancies are less 
elongated/rod-like and are therefore able to adopt only a less ordered overall cluster shape when 
compared to 13. Consequently, more individual molecules are needed in the aggregate to engage 
in enough C–H bond interactions and achieve a stable cluster system. Such rod-like shapes 
possessing rotational flexibility cannot produce molecular packing comparable to spherical 
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atoms and molecules. However, the perceived limitation of shape and internal mobility that 
grants more degrees of freedom to the structure can ultimately be its advantage: the C–O bond 
rotation enables more adaptability when searching for nearby close contacts between the cages 
and leads to a compact structure of less symmetry but nevertheless of a dense packing. 

Concerning the presence of water molecules, it was observed that diamondoid ether cluster peaks 
were accompanied by several additional peaks with masses that correspond to water addition. As 
was previously found for diamondoid hydrocarbon assemblies, clusters readily take up water 
molecules up to the point when hydrogen bonding overpowers dispersion stabilization and the 
parent cluster is eroded. However, in case of diamondoid ethers some nuanced observations 
important for understanding the cluster break-down process were made. Namely, clusters of 
ether 12 contained noticeably fewer water molecules than the clusters of ethers 11 and 13. To 
explain this finding we again have to turn to structural considerations of the ether molecules. The 
oxygen atom in the structure of ether 12 is much more sterically shielded than the analogous 
oxygens in molecules 11 and 13 (Figure 4). The ether oxygen availability to the surrounding 
environment is crucial in the water-mediated cluster erosion process since it has the ability to 
partake in the hydrogen bond formation with the incoming water molecule, essentially anchoring 
water inside the original cluster structure. As more water molecules join the first one, they 
rearrange the supramolecular structure and weakly bound ethers are eventually separated. 
However, when that oxygen atom is less available for hydrogen bond formation with water 
through shielding with the diamondoid cage subunit, like is the case for ether 12, the initial water 
molecule approach to it is disfavored and results in clusters with negligible water content, as was 
observed. In other words, oxygen shielding with diamondoid cages has a beneficial effect on 
dispersion-bound cluster stability since the heteroatom cannot adequately act as a hydrogen bond 
acceptor and therefore does not produce aggregates rich in water content. This demonstrates that 
through informed design of organic dopant molecules and by balancing between the non-
covalent interaction modes, one can tailor helium nanodroplet-assisted cluster formation for 
desired stability and physico-chemical properties. 

 

 

Figure 4. Structures of ethers 11 (left) and 12 (right) computed using the GFN2-xTB method. 
Reproduced from reference 69  with permission from the Royal Society of Chemistry, 2023. 
Available under a CC-BY 3.0 license. 
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3.2. Diamondoid alcohols 

Next we turn our attention to more polar diamondoid derivatives, namely, diamondoid alcohols. 
The motivation for the study was to explore how hydrogen bond donating groups present on a 
diamondoid cage affect molecular aggregation without the influence from common organic 
solvents. For that purpose diamondoid alcohols 2, 5, 7, and 8 (Figure 2) were introduced into 
helium nanodroplets and their clusters characterized.70 Alcohol molecules can serve as both 
hydrogen bond donors and acceptors, unlike ethers which are only acceptors. Consequently, it 
was reasoned that the OH group present on diamondoid cages can form diverse supramolecular 
networks and this was indeed found to be the case. Namely, unlike distinct preferred cluster 
abundances found for diamondoid hydrocarbons and ethers, diamondoid alcohols did not show a 
strong preference for specific cluster sizes. While it is true that some slight preferences do indeed 
exist (for example, preference for magic number 7 was found for alcohol 2, 3 and 7 for alcohol 7, 
4 for alcohol 5, and 3 and 8 for alcohol 8), the signal intensities were not so overwhelmingly 
apparent. Computations again helped with rationalizing the observed cluster structures, revealing 
that the cluster network is held together with cyclic intermolecular hydrogen bonds realized 
through the OH group bridging (Figure 5, top). In these structures the OH groups are oriented 
towards the center of the cluster, essentially forming a cavity, while the diamondoid cages are 
almost fully exposed to the helium environment. This structural feature is akin to reverse 
micelles and has implications for possible load carrying application in more advanced helium 
nanodroplet-mediated supramolecular architectures. Consequently, since many cyclic 
arrangements of varying cavity sizes are feasible to form for such systems and are expected to be 
close in their stabilization energy, it makes sense that no especially prominent magic number 
abundancies were observed. Despite this lack of uniformity and less ordered cluster structures, 
diamondoid alcohol assemblies could find practical importance in instances when spontaneous 
formation of polar cavities in a highly non-polar medium is needed. 

Just like other diamondoid clusters discussed so far, diamondoid alcohols also have a tendency to 
incorporate water molecules in their assemblies and the process is likely to be further aided by 
the central polar cavity formation. Especially for larger clusters this phenomenon seems to be 
common, for example, for adamantane alcohol 2 inclusion of one water molecule occurs between 
cluster sizes of 8 and 9, while for medially substituted diamantane alcohol 5 this occurs between 
cluster sizes 6 and 7.70 Curiously, practically no water absorption was observed for diamantane 
dialcohol 8 assemblies in the measured range. Possible explanation can be that alcohol 8 
conglomerates do not form a well-defined central cavity but rather realize a number of random 
hydrogen bonds with the network. 
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Figure 5. Structures of hydrogen-bonded networks of four alcohol 5 molecules (top), five 
monoacid 3 molecules (middle) and four diacid 10 molecules (bottom), found experimentally 
and computed using the GFN2-xTB method. Adapted from reference 70 with permission from 
the Royal Society of Chemistry, 2023. Available under a CC-BY 3.0 license. 

 

3.3. Diamondoid acids 

The last up to now studied class of diamondoid derivatives forming clusters in helium 
nanodroplets is a series of diamondoid acids.70 From all the compounds discussed, these 
molecules are without a doubt the most polar ones and also with the best hydrogen bond 
donating capabilities. Studied were adamantane acid 3, diamantane acids 6 and 9, and 
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diamantane diacid 10 (Figure 2). In addition to observed respective dimers, larger distinct magic 
number clusters were also identified for these derivatives. Thus, adamantane acid 3 and 
diamantane medial acid 6 exhibited magic numbers 5, while diamantane bis-apical diacid 10 
formed magic number 4 clusters. Surprisingly, for diamantane apical acid 9 no preferable cluster 
size was observed, in addition to a significant detected signal drop-off compared to other 
derivatives, which suggests that acid 9 forms the most weakly bound clusters in a series. Like for 
diamondoid alcohols, hydrogen bond formation takes the lead as the strongest individual non-
covalent interaction during cluster agglomeration. Unlike alcohols, however, the sheer strength 
and directionality of this interaction for the acid functional group leads to distinct and strictly 
determined orientation of the molecules in a cluster. Namely, computed acid cluster geometries70 
revealed that there does not appear to exist a balance between the dispersion interaction mode 
(driven by establishing close contacts between the neighboring diamondoid cages) and hydrogen 
bonding mode acting between the molecule subunits, like it was the case for the analogous 
alcohols. Rather, the carboxyl groups seem to emerge as a main driving force for intermolecular 
energetic stabilization and therefore completely dictate the overall cluster geometry through the 
acid pair formation with a typical O–H…O=C pattern. In cases of odd-numbered magic number 
clusters, the lone acid molecule bridges the formed pairs to generate a compact supramolecular 
structure (Figure 5, middle). The optimized cluster geometries computed in the gas phase were 
also compared with explicit helium medium computations (diamondoid cluster where each acid 
molecule was initially surrounded by 100 helium atoms and then optimized). Both approaches 
yielded very similar cluster structures with the same hydrogen bonding patterns acting between 
the acid moieties, validating the obtained geometry.70 

Curiously, diamantane diacid 10 molecules arrange differently in a cluster compared to other 
acids and produce a cyclic supramolecular assembly (Figure 5, bottom). Here again the carboxyl 
units overwhelmingly dictate the structural features, but now for the magic number 4 clusters a 
wide cavity is formed through an alternating bridge pattern. More specifically, two bridges are 
connected with a double O–H…O=C interaction, while the remaining two engage in a single O–
H…O=C interaction between the two neighboring acid groups. Existence of such an unusual 
structure persuasively and practically demonstrates how strong hydrogen bond-forming groups, 
when given the opportunity and placed strategically in molecules, easily overpower the 
dispersion influence of both the weak helium medium and of the good dispersion energy donors 
like diamondoids. 

As mentioned previously, water presence in clusters is an expected experimental outcome and 
for diamondoid acids it was no different. However, smaller assemblies of acids 3 and 6 (cluster 
sizes lower than 7) do not really favor the presence of water and only as the cluster size increases 
is a water molecule incorporated. Since the carboxyl groups form favorable intermolecular 
hydrogen bonding pair-wise patterns, the competition of water molecules for the binding places 
is not so pronounced for smaller, tighter clusters. As the conglomerate size grows and pair 
numbers add up, the overall cluster becomes structurally looser and water can push in and start to 



 13

compete for the hydrogen bond-making sites in the cluster network. Clusters of diacid 10 are 
capable of absorbing even more water since the above discussed cavities of alternating polarity 
(the rim composed of repeating diamondoid cage subunits and acid groups, Figure 5, bottom) 
enable an even easier access of water molecules to the remaining hydrogen bond partners. 

To summarize, a similar mode of action of the functional group present on the same position of 
the diamondoid cage does not guarantee a formation of a comparable supramolecular assembly. 
This was nicely underlined by the behavior of diamantane bis-apically substituted alcohol 8 and 
acid 10, where both groups are capable of forming hydrogen bonds, but the former produced 
only randomly arranged conglomerates, while the latter preferentially formed a distinct cavity of 
alternating polarity. Similarly, studied diamondoid mono-alcohols readily form cyclic clusters 
resembling reverse micelles, while structurally analogous mono-acids produce spatially directed 
networks via pair-wise O–H…O=C interactions. On the other hand, less polar ethers are “glued” 
with dispersion between the cages and the ether oxygens provide the rotational mobility needed 
for achieving compact packing of the rod-shaped molecules. Thus, by precisely tailoring the type 
and position of functional groups on the diamondoid scaffold, one can design new functional 
materials with needed properties and application. 

 

4. CONCLUSIONS AND OUTLOOK 

Non-covalent interactions are crucial in self-organization of matter and understanding of these 
fundamental processes is a first step in the targeted preparation of materials with a specific 
purpose in mind. Since diamondoid molecules and their derivatives have lately attracted much 
attention as structurally unique molecular building blocks, it is important to gain a fundamental 
understanding of their core physico-chemical properties. By studying their spontaneous self-
assembly in helium nanodroplets one can directly observe their behavior without the hindrance 
of common organic solvents. Going from apolar hydrocarbon molecules all the way to highly 
polar carboxylic acids, differences in cluster sizes and cluster geometries were observed and new 
insights were gained into the driving forces governing the assembly processes. What comes 
next? One direction would be to continue with the exploration of substituted diamondoids, with a 
focus on the so far unexplored functional groups and heteroatoms. Another approach would be to 
consider poly-substituted diamondoids with non-identical functional groups and their combined 
influence on cluster formation. Yet another possible research direction would be to expand the 
supramolecular aspect of the studies and combine two or more different dopants simultaneously 
and in that way gain more knowledge about the mixing factors and their influence on the 
resulting conglomerate structures. In any case, the exploration of diamondoid self-organization 
in a practically inert superfluid medium has just started and the path forward looks quite exciting. 
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