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 Anisotropic and binary colloids self-assemble into a variety of novel supra-
colloidal structures within the thermo-switchable confi nement of molecular 
microtubes, achieving structuring at multiple length scales and dimen-
sionalities. The multistage self-assembly strategy involving hard colloidal 
particles and a soft supramolecular template is generic for colloids with 
different geometries and materials as well as their binary mixtures. The col-
loidal architectures can be controlled by colloid shape, size, and concentra-
tion. Colloidal cubes align in chains with face-to-face arrangement, whereas 
rod-like colloids predominantly self-organize in end-to-end confi gurations 
with their long axis parallel with the long axis of the microtubes. The 1D 
microconfi nement imposed on binary mixtures of anisotropic and isotropic 
colloids further increases the diversity of colloid-in-tube structures. In 
cube–sphere mixtures, cubes may act as additional confi ners, locking in 
colloidal sphere chains, while a “colloidal Morse code” is generated where 
rods and spheres alternate in the case of rod–sphere mixtures. The versa-
tile confi ned colloidal superstructures including their thermoresponsive 
assembly and disassembly are relevant for the development of stimulus–
responsive materials where controlled release and encapsulation are 
desired. 

  1.     Introduction 
 The construction of self-assembled smart 
materials is rapidly developing by the 
design of new colloidal building blocks 
with increasingly complex geometries and 
tailored functionalities. [ 1 ]  Hierarchical, 
bottom-up self-organization processes 
of nano- and microscale building blocks 
are widely encountered in nature [ 2 ]  and 
constitute an important design route 
for stimulus-responsive materials. We 
recently introduced the hierarchical self-
assembly of colloidal spheres inside 
molecular microtubes into a library of 
ordered structures, including double and 
triple helices. [ 3 ]  Here, we demonstrate that 
a rich variety of novel supracolloidal struc-
tures emerge from the self-organization 
of various shape-anisotropic colloids and 
binary mixtures of isotropic and aniso-
tropic colloids in 1D microconfi nement. 
The versatility of our thermo-switchable 
self-assembly strategy is highlighted by the 
use of a broad variety of colloids with dif-
ferent geometries, materials, and sizes as 

well as their binary mixtures. 
 The engineering of anisotropic colloidal building blocks 

has taken a fl ight over the last decade, yielding a diverse col-
loidal toolbox that opens up new pathways for the fabrica-
tion of advanced functional materials. [ 1,4–9 ]  The continuing 
sophistication of colloid complexity to direct hierarchical self-
organization is not restricted to the design of colloid shape 
alone but also includes further functionalization by chemical 
anisotropy, [ 4 ]  which provides site-specifi c interactions such as 
in Janus or surface-patterned particles. Alternatively, external 
electric [ 5 ]  or magnetic fi elds, [ 6 ]  or polymer-induced deple-
tion interactions [ 7 ]  may be applied to steer multistage self-
assembly of anisotropic colloids. Here, we exploit the use of 
microconfi nement, based on molecular self-assembly, as a 
directing agent for the self-organization of ordered structures 
from anisotropic building blocks. Assembly of anisotropic 
building blocks induced by 1D confi nement was investi-
gated previously at the molecular scale, where ellipsoidal C 70  
fullerenes [ 10 ]  and cube-shaped H 8 Si 8 O 12  [ 11 ]  were encapsulated 
in carbon nanotubes, but is largely unexploited in colloidal 
systems. 
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 Self-assembly from mixtures of two distinct isotropic 
building blocks has yielded binary crystals, which can act as a 
model system for atomic crystals [ 12 ]  or display interesting opto-
electrical properties. [ 13 ]  Self-organizing systems containing both 
anisotropic and isotropic building blocks have been investigated 
to some extent in bulk, [ 14 ]  not in confi nement. In this study, 
we additionally investigate the hierarchical assembly of binary 
mixtures from anisotropic and isotropic colloids in the confi ne-
ment of molecular microtubes. Such intricate self-assembled 
structures may prove helpful in the development of novel tech-
nology for stimulus-responsive information-bearing materials.  

  2.     Results and Discussion 

  2.1.     Colloidal Cubes in 1D Microconfi nement 

 The effects of molecular self-assembly and tubular confi ne-
ment on the assembly of anisotropic building blocks were 

investigated employing cubic- and rod-like colloids. The hier-
archical self-organization process of colloids in molecularly 
assembled microtubes is schematically outlined in  Figure    1  a 
for colloidal cubes. During the formation of the microtubes 
upon cooling isotropic mixtures containing 10 wt% sodium 
dodecyl sulfate (SDS) and β-cyclodextrin (β-CD) with a molar 
ratio of 1:2, [ 15 ]  the colloids co-assemble within the ≈1 µm-sized 
microtube pores. Hematite cubes with edge lengths nearly 
matching the tube diameter form single particle chains within 
the cylindrical pores of the rigid microtubes (Figure  1 b). To test 
whether the cubes form chains inside the microtubes owing 
to their magnetic nature, we additionally prepared nonmag-
netic silica colloids with a cubic shape. [ 8 ]  Since the size of the 
resulting colloids is tunable, we investigated the co-assembly 
of cubes with mean edge lengths  d  larger than, similar to, and 
smaller than the microtube diameter. Large cubes with edge 
lengths of 1.66 µm are excluded from the cylindrical microtube 
pores (see Figure  1 c). These cubes are found outside the tubes 
as single particles and small clusters of particles with random 
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 Figure 1.    Size-dependent co-assembly of colloidal cubes and molecular microtubes. a) Schematic representation of the self-assembly of SDS/2β-CD 
(sodium dodecyl sulfate/β-cyclodextrin) inclusion complexes into microtubes, in which cubes arrange in chains. Self-organization of b) hematite 
and c–f) silica cubes in microtubes with cubic edge lengths  d  of, respectively, b) 1.02 µm (25 wt%); c) 1.66 µm (13 wt%); d) 1.30 µm (25 wt%); and 
e,f) 1.04 µm (25 wt%). Cubes with edge lengths close to the microtube pores assemble in chains with face-to-face arrangement (b,d,e); large cubes 
are excluded from the pores, are disordered and immobile (c), while small cubes form Brownian chains (Figure S1, Supporting Information). Laser 
scanning confocal microscopy (LSCM, b–e) and optical microscopy (OM, f) images are shown. g) Cubic chain length distribution determined from 
≥250 chains for hematite and silica cubes, as shown in (b) and (e), respectively. Scale bars are 10 µm.
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orientations and are immobilized by the rigid, 
space-fi lling tubular surroundings. Cubes 
with edge lengths nearly equaling the micro-
tube diameter predominantly organize inside 
the microtubes (Figure  1 d–f). Apparently, the 
microtubes can adjust their diameter locally, 
which enables them to accommodate cubes 
with edge lengths slightly larger than the 
average tube diameter. They display a striking 
preference for assembly in colloidal chains 
with the cubes favoring a face-to-face arrange-
ment. Apart from chains of cubes, some sin-
gular particles are encountered as well. Once 
the microtubes have formed, the cubes are 
fi xed and unable to move within the micro-
tube network.  

 The 1D chains of face-to-face-aligned cubes 
have various lengths and may become longer 
than 20 cubes. The relative amount of chains 
monotonically decreases with chain length 
for nonmagnetic silica cubes (Figure  1 g). 
However, in the case of hematite cubes the 
number of dimers and trimers exceeds the 
amount of single cubes, most probably due 
to their magnetic character. Since the edge 
length is the shortest axis of the cube, they fi t 
most effi ciently within the pores in a face-to-
face alignment. For cubes with  d  = 1.04 µm 
(Figure  1 e,f), very close to the tube diameter, 
reorientation is therefore nearly impossible. 
Moreover, it is likely that there are slight 
attractions, which favor the largest contact 
area between the cubes. Finally, the smallest 
cubes used in this study ( d  = 802 nm, see 
Figure S1, Supporting Information) also 
assemble into 1D colloidal chains. Due to their smaller size, the 
chains and single colloids retain their dynamic, Brownian char-
acter. Control over the supracolloidal cube structures was not 
only provided by cube size but was also demonstrated by the 
incorporation of different amounts of cubes.  Figure    2   shows 
that also the chain length distribution can be manipulated by 
varying the concentration of colloidal cubes. With increasing 
concentration, the amount of single cubes decreased and both 
the chain length and proportion of longer chains increased.   

  2.2.     Rod-Like Colloids in 1D Microconfi nement 

 Furthermore, fl uorescently labeled rod-like silica colloids [ 9 ]  
were mixed with SDS and β-CD to study their co-assembly 
with microtubes ( Figure    3  ). Since the rods are longer and their 
widths are smaller than the tube diameter, the only way for 
them to be incorporated in the tubes is with their long axis par-
allel with the tube walls. This is demonstrated in Figure  3 a–f for 
rods with three different sizes and aspect ratios. The majority 
of the rods organize in straight supracolloidal chains with an 
end-to-end confi guration. Therefore, rods may act as direc-
tional tracers for the microtubes. Alternatively, since rods have 
some lateral freedom within the pores, they may increase their 

packing fraction by assembling in tilted chains (Figure  3 d), 
where rods make an angle with the long axis of the microtubes. 
Alternatively, if rods are thin enough (Figure  3 d,f), they can 
assemble in close-packed double chains with two particles side-
by-side. Multiple confi gurations were encountered at a fi xed rod 
concentration. For thicker rods, the cylindrical pores only allow 
for the incorporation of single particles (Figure  3 e). The rods 
are not fi xed in their position within the tubes, but they display 
distinctive 1D movements along the long axis of the tubes (see 
Supporting Information Videos S1 and S2). Due to geometrical 
restrictions, fl ipping of rods around their long axis was not 
observed regardless of their size. In addition, the length dis-
tribution of rod chains could be tuned by rod concentration as 
shown in Figure S2 (Supporting Information). With increasing 
colloid concentration, longer chains were encountered and the 
average chain length increased.  

 As another example of anisotropic colloids, we used peanut-
shaped hematite particles with a magnetic character, further 
validating that the assembly of colloids is general with respect 
to both shape and material of the colloids. In addition to silica 
and polystyrene colloids, [ 3 ]  aqueous hematite colloids with ani-
sotropic shapes [ 16 ]  also form self-organized structures. Similar 
to cubes (Figure  1 b), hematite peanuts are found inside the 
microtubes, as displayed in Figure  3 g. They are forced to align 
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 Figure 2.    Control over chain length distribution by varying the concentration of colloidal 
cubes. LSCM images showing the co-assembly of colloidal cubes with cubic edge lengths of 
1.04 µm and microtubes as tuned by the incorporation of a) 28 wt%, b) 14 wt%, and c) 6 wt% 
cubes, respectively. d) Corresponding cubic chain length distributions as determined from 
>500 chains. Scale bars are 10 µm.
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their long axis with the tube direction, since only the short axis 
fi ts within the tube diameter. The magnetic dipole moment of 
the peanuts, however, is perpendicular to their long axis, [ 16d ]  so 
chains of peanut-shaped colloids with their preferred magnetic 
orientation cannot be formed in the micropores. Interestingly, 
application of a magnetic fi eld did not signifi cantly infl uence 
the colloidal structures due to the confi ning network of rigid 
microtubes. However, when the magnetic fi eld was applied 
before microtube formation, larger colloidal structures formed 
that were not embedded in the microtubes.  

  2.3.     Binary Colloid Mixtures in 1D Microconfi nement 

 In a number of studies, the potential of self-assembled mate-
rials from mixtures of anisotropic and isotropic building blocks 
has been recognized, [ 14 ]  but the effect of confi nement was not 
investigated thus far. Therefore, we use binary mixtures of 
anisotropic and isotropic building blocks and investigate their 
assembly in cylindrical confi nement, as shown in  Figure    4   for 
cube–sphere and rod–sphere mixtures. When both cubes and 
spheres are incorporated in microtubes, colloidal structures 
emerge where cubes and spheres alternate and display a rich 
variety of binary architectures (Figure  4 a and Figure S3, Sup-
porting Information). Since the cubes cannot move within the 
microtubes, the spheres may be trapped in a state of ultimate 
confi nement as they not only experience the confi nement of 
the microtube walls but also are additionally locked in by the 
immobilized cubes, which act as additional confi ners. We iden-
tify a number of similarities and differences with respect to 
assembly of only one type of colloid. When a number of cubes 
form a chain without any spheres in between, they still prefer a 
face-to-face arrangement similar to assembly without spheres. 
As expected from the sphere size ( D  = 508 nm) with respect 
to tube diameter, sphere structures with zigzag and helical 

confi gurations are observed. However, cubes and spheres 
mutually infl uence the eventual structures they form. For 
instance, spheres can assemble side by side in the proximity of 
a cube and display a square-like arrangement, usually locked in 
between two cubes. This confi guration is not encountered in the 
absence of cubes and can be related to a slight increase in pore 
size induced by the cubes as their edge lengths are slightly 
larger than the mean pore size. Additionally, cubes with a tilted 
orientation were also only observed in cube–sphere mixtures, 
not without spheres. Interestingly, whenever cubes are tilted at 
least one up till four spheres are located close to the faces of the 
cubes. In this way, the spheres force the cube to rotate and adopt 
a tilted orientation, thereby realizing a binary structure with a 
high packing effi ciency. Despite the large diversity of supracol-
loidal binary structures within one sample, the colloid arrange-
ments could be controlled to some extent by cube–sphere ratio 
and colloid concentration (see Figure S3, Supporting Informa-
tion). Binary structures shifted from sphere- to cube-dominated 
with increasing cube–sphere ratio, although similar structural 
elements were encountered in all samples.  

 The co-assembly of rods and spheres, as shown in Figure  4 b 
and Figure S4 (Supporting Information), generates a so-called 
colloidal Morse code, since a variety of binary colloidal struc-
tures are incorporated within the microtubes. Typically, 
spheres assemble in zigzag structures until a rod is encoun-
tered. The number of spheres between the rods varies. Rods 
either display a straight confi guration, where the long axis of 
the rod aligns parallel with the long axis of the microtube, 
or a tilted confi guration. Although rods cannot fl ip, they can 
act as a colloidal switch: straight and tilted confi gurations 
are interchangeable as the rod–sphere structures are subject 
to Brownian motion within the confi nement of the cylinder. 
In other words, the spheres smoothly transmit their dynamic 
zigzag structure to the rods and determine the confi guration of 
the rods. Since the sphere diameter matches the rod thickness, 
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 Figure 3.    Confi nement-induced self-organization of colloidal rods in microtubes. Silica rods with respective lengths of a–d) 2.86 × 0.51 µm ( L/D  = 5.8, 
29 wt%); e) 2.30 × 0.60 µm ( L/D  = 3.8, Supporting Information Video S1, 15 wt%); and f) 1.80 × 0.40 µm ( L/D  = 4.5, Supporting Information Video 
S2, 12 wt%) assemble in colloidal chains. g) Co-assembly of hematite peanuts (1.72 × 0.70 µm, 12 wt%) and microtubes. Both rods and peanuts align 
with their long axis parallel with the long axis of the microtubes, while rods may also arrange in tilted and double chains (d). Scale bars are 5 µm.
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the rod ends take a position at the ends of the zigzag sphere 
structure where logically, in the absence of rods, a sphere 
would be located.  

  2.4.     Thermo-Switchability and Co-Assembly Mechanism 

 The colloid-in-tube co-assembly can also be controlled exter-
nally, as it is switchable with temperature ( Figure    5  , Supporting 
Information Videos S3–S5). Upon heating, the microtubes 
melt and the colloids are not confi ned within the microtubes 
anymore and move randomly throughout the sample in an iso-
tropic state. The melting process is followed in time for cubes 
and rods in Figure  5 a,d, respectively. The transition from the 
ordered to the isotropic state is especially clear for the rods, as it 
is marked by a randomization of the direction of the rods. Upon 

cooling, the microtubes and colloidal struc-
tures they enclose reassemble (Figure  5 b,e). 
The fi nal stages of chain assembly are char-
acterized by fast 1D movements of colloids in 
the direction of the micropores, as shown 
in Figure  5 c for cubes. Hence, the colloid-
in-tube co-assembly is fully reversible with 
temperature, which may be valuable for 
controlled release and encapsulation applica-
tions. In addition, if a chemical reaction or 
another fi xating step like use of an electric 
fi eld and/or temperature [ 17 ]  is used, the pre-
sented 1D structures could also be made per-
manent at elevated temperatures.  

 The whole set of data presented here and 
in our previous work [ 3 ]  suggests that there 
is a mechanism promoting formation of 
close-packed structures. Colloidal particles 
are forced to enter the microtubes simply 
because there is very little space available 
outside the microtubes, which form a space-
fi lling structure. The particle distribution 
inside each microtube can be considered 
inhomogeneous, where signifi cant empty 
spaces and close-packed arrangements of 
colloids alternate. For example, helical struc-
tures formed by spheres [ 3 ]  can be solely 
explained by the need to achieve the most 
effi cient space fi lling. [ 18 ]  In Figure  1 , one 
observes only face-to-face confi guration of 
cubes, which yield the closest-packed struc-
ture. However, addition of spheres, which 
can profi t from the creation of additional 
pockets by turning the cubes by 45°, induce 
new confi gurations presented in Figure  4 a. 
This result can again be understood by the 
tendency toward close-packed structures. 
Similar conclusions can be drawn by 
observing the structures formed by rods and 
their mixtures with spheres. 

 We have demonstrated that the tendency 
toward close-packed structures is generic 
and does not depend on the chemical nature 

of the particles and the details of their surface structure. Col-
loidal chains are absent in both the pure aqueous colloidal dis-
persions and at elevated temperatures in the presence of SDS 
and β-CD in the isotropic state and only start appearing during 
the formation of the microtubes. Some generic attraction 
between colloids can be induced by a depletion effect caused 
by (complexes of) SDS and β-CD molecules. Their infl uence 
could be enhanced in 1D structures since the entropy loss by 
the colloids attaching to a chain is smaller than in 3D. The 
kinetics and dynamics of the co-assembly process, involving 
both the microtube formation and the supracolloidal structure 
generation, very likely contribute to the inhomogeneous distri-
bution of the particles between the microtubes. Further experi-
mental and theoretical investigations are needed to clarify 
the exact mechanistic details of the multistage co-assembly 
process.   
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 Figure 4.    Colloid-in-tube co-assembly employing binary mixtures from anisotropic and isotropic 
colloids, demonstrated by LSCM images and accompanying sketches. a) Cylindrically confi ned 
cube–sphere mixtures (13 and 8.7 wt%, respectively) yield a variety of binary colloidal architec-
tures. Cubes ( d  = 1.04 µm) do not move within the microtubes and act as additional confi ners, 
locking in sphere structures (diameter  D  = 508 nm), see also Figure S3 (Supporting Informa-
tion). b) Rod–sphere mixtures (24 and 11 wt%, respectively) confi ned in the microtubes gen-
erate a so-called colloidal Morse code, where colloidal rods with dimensions of 2.86 × 0.51 µm 
either display a straight or tilted orientation and alternate with zigzag structures from colloidal 
spheres ( D  = 508 nm), see also Figure S4 (Supporting Information). Scale bar is 10 µm.



FU
LL

 P
A
P
ER

318 wileyonlinelibrary.com

www.particle-journal.com www.MaterialsViews.com

© 2014 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim Part. Part. Syst. Charact. 2015, 32, 313–320

  3.     Conclusion 

 We have shown the hierarchical self-assembly of shape-aniso-
tropic colloids and their binary mixtures with isotropic colloids 
in the confi nement of molecular microtubes. The thermo-
switchable co-assembly of cyclodextrin-surfactant microtubes 
and colloids is generic for colloids with different geometries, 
materials as well as binary colloid mixtures. Supracolloidal struc-
tures could be controlled by colloid shape, size, and concentra-
tion. Cubes predominantly align in chains with face-to-face 
arrangement, whereas rod-like colloids are unable to rotate freely 
and are forced to arrange with their long axis parallel with the 
long axis of the microtubes. In addition, we have introduced the 
self-organization of binary mixtures of anisotropic and isotropic 
colloids in confi nement, further increasing the diversity of col-
loid-in-tube structures. In the co-assembly of cube–sphere mix-
tures, cubes may act as additional confi ners, locking in colloidal 
sphere chains. When both rods and spheres are embedded in the 

micropores, a so-called switchable colloidal Morse code is gener-
ated where rods and spheres alternate. The microconfi nement 
of supracolloidal structures including their thermoresponsive 
assembly and disassembly, all of which can be monitored in situ, 
are relevant for applications in controlled release and encapsu-
lation. Moreover, the robustness of our multistage co-assembly 
approach involving the self-organization of supracolloidal archi-
tectures inside a soft supramolecular template, yielding struc-
turing at multiple length scales, may prove much more versatile 
than the work presented here. Although the self-assembly mech-
anism has not been fully elucidated yet, the surprising versatility 
provides some insightful self-assembly design rules from which 
more controlled particle systems may evolve, so that stimulus-
responsive and information-bearing materials can be developed. 
For instance, currently we are aiming to exploit our insights and 
gain additional control over the supracolloidal architectures gen-
erated by using other external stimuli apart from temperature 

 Figure 5.    Thermo-reversibility of cube-in-tube and rod-in-tube co-assembly, as displayed by LSCM image sequences. a) Melting of SDS/β-CD micro-
tubes and encapsulated colloidal cube chains ( d  = 1.04 µm, 15 wt%) with face-to-face arrangement at  T  > 35 °C and b) their restoration upon cooling 
(see Supporting Information Video S3). c) Colloidal chain formation from cubes during fi nal stages of the cooling process. d) Disassembly of micro-
tubes and the release of incorporated, aligned rod chains reaching an isotropic state with random orientations of rods (2.86 × 0.51 µm, 29 wt%) at 
elevated temperatures and e) their reassembly upon cooling. The complete process can be followed in Supporting Information Videos S4 and S5.
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such as application of an external magnetic fi eld to manipulate 
arrangements of incorporated magnetic spheres.  

  4.     Experimental Section 
  Preparation of the Microtubes : To prepare a microtube stock 

suspension, SDS, beta-cyclodextrin (β-CD), and water were weighed into 
a 20-mL vessel to give a mixture with a total concentration of SDS and 
β-CD of 10 wt% and a molar ratio between SDS and β-CD of 1:2. The 
mixture was heated to ≈60 °C to obtain a transparent, isotropic solution, 
which was then cooled to room temperature to allow for the formation 
of microtubes. [ 15 ]  The microtube suspension was viscous and turbid. 

  Colloids : The co-assembly of anisotropic colloids and binary colloid 
mixtures with β-CD/SDS microtubes was studied. RITC-dyed colloidal 
silica cubes [ 8 ]  with various edge lengths (1.66 µm, 1.30 µm, 1.04 µm, and 
802 nm) were used. Furthermore, FITC-dyed silica rods [ 9 ]  with different 
dimensions (2.86 × 0.51 µm, 2.30 × 0.60 µm, and 1.80 × 0.40 µm) were 
employed. Additionally, the behavior of hematite cubes (edge length of 
1.02 µm) and peanuts (1.72 × 0.70 µm) was studied. [ 16 ]  Stöber silica 
spheres (diameter of 508 nm) were mixed with cubes or rods to study 
binary colloid mixtures in the cylindrical confi nement of microtubes. The 
size polydispersity was ≤5% for the various colloidal dispersions studied 
and <10% for the silica rods, both in length and diameter. 

  Mixing Colloids with Microtubes : To prepare colloid-in-tube samples, 
known volumes of colloidal stock suspensions with known weight 
percentage of colloids were centrifuged at 2–3000 rpm for 15 min 
in centrifuge sample tubes. This was followed by removal of the 
supernatant water in the case of hematite dispersions or ethanol in 
the case of silica dispersions. The weight of the remaining colloids 
after evaporating water or ethanol was determined using an analytical 
weighing balance. Silica colloids were transferred from ethanol to water 
by at least two redispersion and centrifugation cycles. A known weight of 
microtube stock suspension (typically, 1 g) was added to the centrifuge 
tube to give a fi nal mixture-containing colloids with concentrations of 
2–30 wt%. Exact colloid concentrations for specifi c experiments can be 
found in the fi gure captions. The sample was heated to ≈60 °C to melt 
the microtubes and was sonicated to disperse the colloids. Then, the 
centrifuge tube was cooled to room temperature. Upon cooling, the 
sample was gently rotated to avoid sedimentation of the colloids. 

  Microscopy : Before imaging, microtube/colloid mixtures were usually 
placed in glass capillaries (Vitrocom, 0.1 × 2 × 50 mm), which were 
sealed by UV-curing epoxy glue. Samples that were imaged by laser 
scanning confocal microscopy (LSCM) were dyed by adding a solution of 
Nile Red in acetone (1 mg mL −1 ) to the microtubes. Acetone evaporated 
upon heating of the sample. Samples were imaged with a Nikon TE 
2000U laser scanning confocal microscope equipped with a Nikon C1 
scanning head in combination with an Ar-ion laser (488 nm, Spectra 
Physics), a HeNe laser (543.5 nm, Melles Griot), and an oil immersion 
lens (100× Nikon Plan Apc, NA 1.4). In addition, samples were imaged 
with a Nikon inverse optical microscope equipped with an oil immersion 
100× Nikon objective. Images were taken with a Lumenera Infi nityX CCD 
camera. The thermal behavior of the samples was investigated using a 
Linkam THMS600 microscope heating stage.  

  Supporting Information 
 Supporting Information is available from the Wiley Online Library or 
from the author.  
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