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A group of seven resorcinarene bis-crown ethers (CNB@th two polyether bridges at the upper rim
and either propyl, butyl, pentyl, heptyl, nonylcgitor undecyl groups at the lower rim were synides
and their binding properties with Owere investigated by NMR titration. The bis-croviosm 1:2

10 complexes with Cswith binding constants of log K 4-5. Crystal sturets of bis-crowns and their Cs
and K complexes were studied and different packing matiére found depending on the alkyl chain
length. Short ethyl, propyl and butyl alkyl chagesve a layer or pillar packing where the polar aod-
polar regions cannot be distinguished, whereagidopentyl and decyl chains formed bilayers.
Amphiphilic properties and self-assembly in watesvetudied by preparing solid lipid nanoparticles

15 (SLN) from the bis-crowns. All investigated compdsrformed stable SLNs showing amphiphilic
character, which in the case of the short chairthgns probably rises from their locked boat
conformation separating the polar face of the mdiefrom the non-polar face.

Introduction prepared®*?
so  Solid lipid nanoparticles (SLN), or particles paepd from
solid lipids, are the latest addition to the familfydrug carrier
structures since the introduction of liposomes gdymeric
nanoparticles, which are prepared from liquid ligitl The
preparation process of SLNs leads to particles witimeters
ss from tens to few hundred or thousand nanometergshandan be
loaded with drugs or other sensitive compoundstesed for their
protection and transport. Since calixarenes anarcgsarenes are
usually solid materials at room temperature, thay loe used for
preparation of solid lipid nanoparticles and stadief their
s0 potential in encapsulation of biologically importajuests, DNA
for cell transfection and surface modification finug targeting
have been publishéd*’

Calixarenes and resorcinarenes with crown ethedgbs
connecting the hydroxyl groups are very selectivation
es receptors called calixcrowrl8. Depending on the number of
oxygen donors and thus the length and geometrhefctown
bridge, calixcrowns have very good affinity towaragali and
alkaline earth metal cations and ammonium iSrResorcinarene
bis-crowns and their K CS, Rb" and Ag complexes have
70 Shown very interesting structural properties sustioamation of

layers, capsules and nanoré@i& Therefore, we have been
interested in studying the effect of alkyl chaimdéh in the

Nanoscience Center, Department of Chemistry, Usityeof Jyvaskyla, crystal packing of th.e resorcmarlene bis-crowns tfqm!r metal
P.O. Box 35, Jyvéskyld FI-40014, Finland. Tel: +3&B428 0804; E- complexes, where it can (a) influence the twistiaf the
mail: maija.nissinen@jyu.fi, kaisa.j.helttunen@jyu. 7s resorcinarene framework and (b) induce a layer ibayér
45 T Electronic  Supplementary Information (ESI) avalita Synthetic  packing when the hydrophobic effect of the alkykicis becomes
procedures, SEM images for SLN and details of afysfructue  strong enough. The alkyl chain length also affédésamphiphilic
refinement. See DOI: 10.1039/b000000x/ properties and self-assembly in water, which waslietl by

Combining host-guest chemistry and surfactant pt@seimto a
20 single molecule by structural design of supramdis;uinanoscale
materials, i.e. films, particles or gels with hgstest functionality
can be obtained. Calixarenes and resorcinarenanarmcyclic
supramolecular hosts well suited for this task eitieey have a
concave binding cavity capable of binding variouses
2s molecules or ion$3 Resorcinarenes can be easily converted into
amphiphilic molecules using long aliphatic aldetyda their
synthesis resulting in hydrophobic chains belowhhmeling site.
The upper rim of the resorcinarene bowl has inmgwrophilic
character because of the OH-functionalities derifreain the
30 resorcinol, and in addition, the upper rim is rgadvailable for
further functionalization to improve the bindingfiaity and
selectivity. The self-assembly of amphiphilic calienes and
resorcinarenes in water and at interfaces into mdlagers, thin
films, vesicles and micelles, and properties ok¢hassemblies
s have been studied avidly to extend the use of @adnes: *
Some recent examples of their potential applicationlude gene
delivery?® ® catalytic activity’ liquid crystal§ and VOC sensing.
In addition to host-guest properties, environméntedsponsive
functionalities, which change the organized stmegufrom
40 micelles into larger vesicle according to pH, hheen
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preparing SLNs out of series of resorcinarene tswas with
short, medium and long alkyl chains.

Results
Synthesis and complexation studies

s A group of seven resorcinarene bis-crown ethers<CNBC5,
where N denotes to the number of carbons at therloim alkyl
group and 5 to the number of oxygen donors in grathether
bridge, were prepared by O-alkylation of the fregdrioxyl
groups of various tetramethoxy resorcinaréhésig. 1). Propyl,

10 butyl, pentyl, heptyl, nonyl, decyl and undecyl gps at the
resorcinarene lower rim were chosen for structemhparison
with the previously synthesized C2B®%> and to create
amphiphilic bis-crowns. Synthesis was carried oot dry
dimethyl formamide (DMF) using @80O; and ditosylated

1s tetra(ethylene glycol) yielding tetramethoxy resoacene bis-
crown ethers after purification as 15-30 % yields.

Complexation of the bis-crowns with an alkali metation,
cesium hexafluorophosphate, was carried out usM@& Nitration
in order to investigate if the lower rim alkyl chdiength has an

20 effect on the binding affinity. C3BC5, C5BC5, C9BC5 an
C11BC5 bind Cswith the affinity of log K; 1.0-2.2 and total

binding constant of log KKi, 4.0-5.0 (Table 1). C2BC5 has

binding constant of log & 1.75 for 1:1 compleX® which falls at
the same magnitude of order as now determined lgarélues.
»s The second binding constant log,Kis larger than the first
binding constant for all investigated complexes. dase of

C2BC5, K, was not determined because Job plot showed tha

intrinsic water concentration over 1 molar equinaleslative to
the host leads to 1:1 complexation. For C3BC5—-C11BCh auc

30 strong trend was not observed, water content b&#&5 molar
equivalents except for the 13 mol. eq. for C11BCallrtases a
1:2 binding model gave better fits than the 1:1 etod

Crystal structures

Resorcinarene bis-crowns

35 Single crystals of resorcinarene bis-crowns wemvgrby slow
evaporation from alcohol solutions. C4BC5 (structo# and
C5BC5 (C5) crystallized in a triclinic P-1 without any sohtein
their binding cavity or in the crystal lattice. Apsis of the
conformational properties of individual molecule$aljle 2)

40 revealed that the bis-crowns are in a boat or gjighvisted boat
conformation and upright aryl rings (A and C) ateeti towards
the cavity with -8.3— -10.7 dihedral angles. Crowinee bridges
are folded on top of the binding cavities closihg space inside.

Table 1 Binding constants for Cgomplexes in acetone-DJ6.

C3BC5 C5BC5 CO9BC5 C11BC5
log Kif 1.04+0.18 159+041 1.49%0.60 2.21+0.09
log KiuKi® 4.43+0.03 4.62+0.10 4.06+0.19 5.03+0.04
log Ki° 3.39 3.03 2.57 2.82

45 *NMR titration at 30 °C, R-values <7 $%Binding constant for reaction
H+G < HG. ¢ Total binding constant for H+2& HG,. ¢ Ki=
K11K12/K11-

The crystal packing a5 can be described as “squeezed bilayer”
where the upper rim interface of two opposing rappears as if
so compressed into one layer (Fig. 2). However, thiarpand non-
polar layers can still be distinguished. Rows aignald parallel
to A/C aryl plane direction (later A/C direction, Fi@). The
clockwise €w) counterclockwisedcw) enantiomers of the bis-
crowns are related by inversion symmetry. 18 €w and ccw
ss enantiomers alternate in each bilayer in such atvaleactcw
d is facing up and is surrounded byceaw facing down on both
sides.C4 has two molecules in the asymmetric unitand Il,
which could be assigned either to a boat or a slightlgted boat
conformation. Molecules pack in a pillar assemblythw
eo alternatingl and Il molecules (Fig. 3). Each pillar consists of
either cw enantiomers occw enantiomers, which in turn form
layers ofcw and ccw enantiomers, but separation into polar and
pon-polar regions does not occur.
Long chain bis-crowns C9BC5, C10BC5 and C11BC5
es crystallized readily from ethanol in a monoclingttice ¢=8).
Interestingly, most of these structures showedgsttalignment
of the alkyl groups in the bilayer assembly withdigorder but
had unresolvable disorder at the crown ether bsidgad
therefore these structures can only be considesgurediminary
70 structures.
Alkali metal complexes
Alkali metal complexes of the bis-crowns were stadiby
crystallizing CNBC5s with excess of potassium or amsiu
hexafluorophosphate in alcohols vyielding 1:2 (hmsést)
75 complexes. When the binding pockets of the hosfilked with

Table 2 Conformational properties of the resorcinarenechisvns and their alkali metal complexes.

c4' C5 C2K2 C3Cs2 C5K2 C10Cs2
| Il
Crystal packing pillar pillar squeezed bilayer layer layer / shifte bilayer / shifted bilayer / shifted
arrangement capsule capsule capsule
Conformation boat boat twisted boat boat twisted boat boat boat
Tilt/° 3.7 5.7 8.9 14 7.0 3.3 11
Twist/® 3.9 5.7 8.7 21 6.4 35 0.5
Distance/R 4.79/8.01 4.87/8.00 4.80/7.98 5.28/7.98 463.7.95 5.26/7.98 5.49/7.94
Dihedral angle  -10.7 /175.2 -8.3/173.3 -10.3/167.3 14.4/451 22.2/148.38 11.8/147.0 21.1/148.25
between opposite
rings/®
Dihedral angle 80.0/89.1, 88.9/82.9, 86.4/83.2, 96.5/97.9, 100.3/101.5, 96.4/95.3, 100.6 /100.5,
against methine  175.6/176.5 176.2/176.3 173.2/174.0 165.9/165.5 168.3/160.5 166.5/160.5 163.2/165.1
plane/®
Cavity diameter/A  5.17/5.11 5.26/5.21 459/4.79 4.80/5.15 253828 4.90/4.69 5.08/5.23

"C4 has two molecules in the asymmetric uhBetween opposite aromatic ring centroftiBetween opposite aromatic ring planes A and C, ®Ruf
Aromatic rings plane A,C,B,D against methine pl@veC14-C21-C28! Average cavity diameter measured as O—O distances.
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cations the dihedral angles of A/C aryl rings areB322.2° and  The ability of CNBC5’s to form solid lipid nanoparéd was
cavity diameters between 4.69-5.23 A. The bindiogkpt of the o tested to assess their self-assembling propertieswater.
bis-crowns is flexible and able to adjust its sifightly according  Previously, calixarenes and resorcinarenes beddng alkyl
to the size of the guest cation giving smaller gasliameters for ~ chains and hydrophilic functionalities at the upger have been
K" than C$ complexes. Cations bind to the host with cation— used to prepare stable SLN's by solvent diffusi@olvent
(n%) interaction with a centroid-cation distance o8-38.1 A for replacement) methd@: 2 The same method was applied for the
K* and 3.2-3.3 for Cs and with M-O interactions with & CNBC5s, where approximately 5—7 mg of CNBC5 was dissolve
methoxy group oxygens and 3—4 coordination bondkedoridge  in a small amount of THF and water was added tctiation by
(O-M" 2.70-3.54 A). One of the BFanions is coordinated vigorous stirring, after which a cloudy suspensioms formed.
between the two cations inside the binding poakbich helpsto  The size of the SLN's was analyzed using dynamghtli
reduce the charge repulsion between the catiores offier anion  scattering, which gave hydrodynamic diameters @320 nm
is located outside the cavity and creates shortacts between 7 for the particles with polydispersity indexes 004-0.34. The
the complexes. Depending on the structure, alkgirchength particle shape and size was confirmed by SEM imagésch
and the cation, the complexes pack in shifted dapsayer or revealed spherical particles at a size distributiorresponding to
bilayer assemblies. the DLS measurements (Fig. 7). For calixarenes and
C2BC5 has been previously crystallized as Ké&ffplex in a  resorcinarenes, it has been discovered that tkeo$ithe SLNs is
capsule assembf. Now, another packing for C2BC5+2KPF 7s affected by several parameters: THF/water ratiorirsj speed,
complex C2K2) was obtained, forming layered packing without pH of the solution, and length of the alkyl chain§ the
the capsule formation. When viewed on top, eaglenantiomer  calixarene”> 2 However, changes on the particle size are mostly
alternates withccw enantiomers within a layer, and therefore affected by the final concentration of the calixerein the
polar and non-polar sides cannot be distinguisidedide view suspension. Therefore in this study, other parawmetrcept the
(B/D direction) of the packing reveals thatw and ccw s length of the alkyl chains and final concentratiof the
enantiomers are separated on their own stacks parallel resorcinarene suspensions were kept constant.elfirst series
alignment (Fig. 4). (Fig. 8) the molar concentration of the bis-crowrss constant
C3BC5+2CsPE(C3Cs2 crystallized with ethanol as a solvate and the diameters of the particles increase whemathount of
in the crystal lattice. The conformation of the thizssa twisted  carbon atoms at the alkyl chains increase. In #uworsd series
boat in contrast to the boat conformation of alk thther s SLNS were prepared keeping the mg/L concentratmrstant to
complexes, which can be understood by analyzing themake sure that the increased particle diametemabsriginating
anion/solvent coordination of the cation. One @ Bt anionsis  from the increased amount (in milligrams) of biswen in the
coordinated between the two ‘deside the cavity. In addition, a suspensions. The second series (Fig. 8) has veilasiparticle
water molecule, not found in the other structures;oordinated  sizes than the first one, which indicates that ¢henge in the
to Cs2 with 3.13 A Cs—O distance and has a shorticonf 2.99 s amount of bis-crowns between the two series hadigitalg
A to the F10A of the (disordered) seconds PRhich in turn is  effect. The variation in the particle size, althbugite modest, is
located close to the crown ether bridge of the sjip@nantiomer  most likely caused by the different alkyl chaindém of the bis-
with FBA—C59 distance of 3.12 A (Fig 5). A pair afraplexes,  crowns, which affects their amphiphilic properties.
cw andccw enantiomers, form a shifted capsule connectedéy t
solvent-anion contacts. The top view of the compdeshows Discussion
similar alternating pattern ofw and ccw enantiomers as in
C2K2, and side view from the B/D direction shows a lager
packing, where shifted capsules form diagonal liesugh the
crystal. The role of the ethanol solvate is to thie voids at the
B/D edges of the complexes, where they form H-bondedes
of four ethanol molecules without connecting to tiest-guest
complex.
C5BC5+2KPE complex C5K2) forms layers of singlew or

ccw enantiomer which consist of rows aligned in theCA/ | . )
direction with 2.43 A shift between the moleculd$ (% of in the solution. Therefore, what at first glanceegqrs to be the

complex width) and in the B/D direction with a 3.A8(35 %) effect of the alkyl chain length, may well be tielirect result of

shift. In contrast to th€5, all alkyl chains are oriented straight® desolvation of the cation. The sensitivity of th@au.Jremelnt
towards water may explain some of the observecmdiffces in

e binding constants between the experiments.

Since the affinity of C2BC5 towards'Ks very low, log K of
0.23 for the 1:1 complé® the binding constant was not

uo determined for the other bis-crown potassium corgse
However, the structural properties of solid state démplexes
were compared to the Tscomplexes with the purpose of

s Resorcinarene bis-crowns were shown to bintlassl:1 and 1:2
complexes in solution, 1:2 being the dominant sgsecrhere is
some variation especially between the log ¥alues, giving 1.04
for C3BC5 and 3.31 for C11BC5. However, the higher lgg K
value for C3BC5 partly compensates this difference nwvtiee

100 total binding constants are examined. In conta#té previously
examined C2BCS5, all compounds gave 1:2 complexes witea
than 1 molar equivalent of water relative to thethwas present

below the methine plane forming a clear bilayerkpag The
upper rim interface oE5K2 forms shifted capsules with a 2.80 A th
dislocation of the B/D planes accounting for 30 %hef width of
a molecule (Fig. 6A). Similar packing was obtainfed the
C10BC5+2CsP§ complex (C10Cs2 despite the difference in
cation size and thus larger cavity diameter, batltmger alkyl
groups expand the thickness of the bilayer up t827A (Fig.

68B) exploring alternative crystal packing forms dueliiferent cation
_' o _ size. Based on the results it seems that the sitteeafation does
Solid lipid nanoparticles usnot have a direct influence on the packing, sinamilar

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00-00 | 3



structures were obtained for the different catig@2K2 and conformational flexibility compared to resorcinagsn and
C2BC5+CsPF complex?* C5K2 and C10Cs2. Instead, solvent «o calix[4]arenes, which can lead to different arrangat of the
coordination together with the cation size has nimgortant role  amphiphiles during their self-assembly.
in the packing, which is seen by comparing @2K2 and C3Cs2 The prepared SLNs were stable enough to survieerdlcuum
s and a capsule structure of C2BC5«2iPmith a water molecule  treatment needed for the SEM sample preparatiold @mating)
coordinated inside the cavit€3Cs2 also contains water, which and in most cases the SLN suspensions were stabfeseveral
is involved in the shifted capsule coordination.eTharger e months. Some exceptions to this rule were obsemewuple of
diameter of C§probably prevents similar coordination of water times the samples formed a visible precipitatiothinia week or
and the tilted angle of RFbetween the cations inside the binding two accompanied with particle size increase. InSE#M images
10 pocket as in C2BC5<2KRFcapsules, and now coordination some of the samples showed signs of early aggoegttndency,

happens outside the binding pocket.

Twisting of the resorcinarene skeleton was obskiv€4, C5
andC3Cs2 and is therefore not limited to short alkyl chais-
crowns. Rather, all interaction in the lattice detere the

15 conformation of the resorcinarene to provide optimbse
packing.

and in a couple of samples complete assimilaticth@fmaller <

70 1 um particles into the substrate was seen. Atsonature of the

substrate has an effect during the sample preparatince on the
hydrophobic carbon tape most of the particles deéar in
contrast to the hydrophilic SjOsurface, where hydrophilic
interactions with the surface could help to maimtidie integrity

The effect of the lower rim alkyl chain lengthdsnnected to 7s of the particles. According to the preliminary resuC11BC5

the amphiphilic nature of the bis-crowns. When hiiyains are

2—4 carbons long, they have not been found to foitayer
20 packing with separated polar and non-polar panstebd, layers

with alternating upper and lower rims in neighbgrimolecules

seemed to give the most stable SLN’s. Howeverh&srstudies
are needed to establish a more systematic survéyegoroperties
of the resorcinarene bis-crown SLNSs.

As a conclusion, resorcinarene bis-crowns bind i@ssolution

or complexes are seen, and in additied, formed a pillar type s and form solid state complexes with*Gsd K. The lower rim

assembly with tilted methine carbon planes. For C5BC5
squeezed bhilayer i@5 and a bilayer irC5K2 were found, which
25 shows that five carbons is a limiting alkyl chaendgith for the
bilayer type packing. For the long chain bis-crownereased
molecule size made crystallization more difficulhda the
structures also tend to show more disorder in eighehe lower
rim alkyl chains or at the crown ether bridges othb Since

alkyl chains affect the crystal packing and the hipipilic
properties since C2BC5-C4BC5 form layered packing, velsere
a bilayered packing typical for amphiphilic moleesilis observed
with Cs and longer alkyl chains. The locked boat confoiomabf

ss CNBC5 makes also the short chain derivatives behave as

amphiphilic molecules, which form stable solid dipi
nanoparticles with slight dependence between thid Sike and

30 C9BC5-C11BC5 had a very bad unresolvable disorder eat ththe alkyl chain length.

upper rim polyether bridges but quite well orgadizékyl groups
at the lower rim, this can be interpreted as ancatin of
stronger hydrophobic interactions at the lower nvhjch drives
the alkyl chains in the ordered packing whereas,cttown ether

Experimental

90 X-ray crystallography

s bridges have more conformational freedom. As a ltesu Single crystal X-ray data were recorded on a NoKiagpa CCD

complexation of cations in the binding pocket wésrapted in
order to rigidify the crown ether bridges and, thasable the
crystal structure analysis of these molecules. $trstegy has so

diffractometer with Apex Il detector using graphite
monochromatized CukK (A = 1.54178 A) radiation at a
temperature of 173 K. The data were processed bsdrgtion

far provided the structure of Csomplex of CLOBC5 which has s correction was made to all structures with DenzoNsM

40 very similar packing compared @b6K2.
The second goal of this study was to investigate delf-
assembly of CNBC5s in water by preparing SLBs$s-crowns
are neutral amphiphilic molecules without H-bondhadis at their

v.0.97.638® unless otherwise mentioned. The structures were
solved by direct methods (SHELXS-97) and refineHHEEXL-

97) against £ by full-matrix least-squares techniques using
SHELX-97 software package (Table 23)The hydrogen atoms

polar part. It is noteworthy, that also bis-crownith C,, C; and 100 were calculated to their idealized positions witkotiopic

45 C4 alkyl chains, which do not arrange in a bilayepatking,
indicating their amphiphilic character in the soktate, form
these particles. In addition, SLNs with shortemti@ alkyl or
acyl chains have not been previously reported &ixarenes or

temperature factors (1.2 or 1.5 times the C temperdiactor)

and refined as riding atoms. Crystal structure aislwas done
using Mercury CSD 2.4 softwar®. Crystallographic data
(excluding structure factors) for the structureghis paper have

resorcinarenes to the best of our knowledge. Tligyabf these 105 been deposited with the Cambridge Structural DatateCeas

so molecules to form SLNs probably arises from the nmeyclic
effect and the locked boat conformation, which sates the
hydrophilic side of the compound from the hydropldaide.
The diameter of the SLNs increased for the longkuyl
chains, which is in fact opposite result to thosseanet al?’
ss have obtained for thpara-acyl-calix[9]arene SLNspara-Acyl-
calix[4]arenes on the other hand have not showar ¢tend in the
SLN size for different alkyl chain lengtA® Calix[9]arenes have
larger, nine membered macrocyclic rings with enlednc

1L

supplementary publication no€CDC 854053-854058. Copies
of the data can be obtained free of charge from Cambridge
Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.

o NMR titration

4 mM CNBC5 was titrated with CsBBolution in acetone-D6
and the'H NMR spectra were recorded after each additiorDat 3
°C. The shift the in aromatic resorcinarene signa.a05 ppm
for the free host was followed and the binding tants were

4 | Journal Name, [year], [vol], 00—00
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calculated using WinEQNMR?2 softwate.
SLNs 35

Solid lipid nanoparticles were prepared by a sdiveplacement
method® 5 mg (or 5.27 pumol, 5.2-7.8 mg) of CNBC5 was

s dissolved in 1.5 ml of THF and 50 ml of purified tea
(Millipore, resistivity >18 M2) was added at a constant flow
during 10 s into the organic solution under vigaratirring at
800 rpm with a magnetic stirrer. A cloudy suspensiormed
immediately. The suspension was stirred for antamdil minute

wand THF was removed under reduced pressure by ayrot
evaporator (44 °C, 60—70 mbar). The volume of th&psnsion
was adjusted to 50 ml giving the final nanopartimbacentration
of 100 mg/L (or 0.1 mM). The hydrodynamic diametdrthe
nanoparticles was measured using dynamic light tesoad

15 (Beckman Coulter N5 Submicron Particle Size Analyztrp0°
angle in water using plastic cuvettes (3 min ebtalion, 3 min
measurement). Three samples for each SLN were meshsThe
morphology and size of the SLN’s were analyzed gisicanning
electron microscopy (Zeiss EVO 50). Sample preparat drop

20 0f SLN suspension was pipetted on a piece of silieeafer
attached by carbon tape to the sample holder daad dt ambient
conditions. Samples were coated with gold (JEOleFioat lon
Sputter JFC-1100) prior to imaging.
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B/D plane

45

0 A/C plane

Fig. 1 Structure of the resorcinarene bis-crowns CNBGE:#R1,n+1
where N=2,3,4,5,7,9,10,11 with selected crystadipbic numberingcw

andccwenantiomers are shown; A/C plane runs througluinigiht aryl
rings (A and C) and B/D plane through parallel aiytys (B and D)
respective to the methine plane C7-C14-C21-C28.

Fig. 2 Crystal packing o€5, flattened bilayer, in a stick model (A) with
cw enantiomers with light anctwin dark green, respectively, and a CPK
representation (B), where the polar and non-pelgions are clearly
visible. Disorder not shown for clarity.

Fig. 3 Crystal structure o€4 (disorder not shown}c4 has two
molecules] (A) andll (B) in the asymmetric unit, the twist anglelin
indicated. C) Pillar packing @4: cw (up, purple) andcw (down, green)
enantiomers are separated in pillars with altengdt{dark shade) and
(light shade). Each pillar consists of a singlengioaner with methine
plane angle (43.6°) and distances indicated; aimg shows pillars of

cw andccw enantiomers in dark and light color, respectively.

This journal is © The Royal Society of Chemistry [year]
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Fig. 4 Side and top views of the crystal packingc@K2 layers (A, B)

andC3Cs2shifted capsules/ layers (C, D); side viesw enantiomers

facing down (green); top view of a layer: outlyiagions and ethanol
molecules (in D, green) shown as a stick model.

Fig. 6 C5K2: a front view of an offset capsule and a bilayacking (A);
20 C10Cs2 a front view of a bilayer (Bcwenantiomers in green color;
outlying anions and disorder not shown.

Fig. 5 C3Cs2shifted capsule consisting ofv andccw enantiomers, short
contacts to the solvent and anions shown with dhkhes, atoms
labelled with an asterisk are generated by a symrogeration —x+1, —
y+2, —z+1. Disorder not shown for clarity.

10

2um
WD= 8Smm EHT=2023kV Signal A=SE1  Date :7 Oct2011 Time :14:26:27

Fig. 7 SEM image of C11BC5 SLN on y:spherical particles with
mean diameter of 300 nm are shown.
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Fig. 8 SLN diameters for all CNBC5 (mean of the sizeritistion from
DLS showing standard deviation). SLNs with a camis@al mM
concentration (black) and with a constant massri@Q. (grey) show

increasing diameter for longer alkyl chains.

Table 3 Crystal structure parametérs.
C4 C5" C2K2 C3Cs2 C5K2 C10Cs2
Composition GaHg:014 CesgH100014 [KoAPR) [Cs(PFs)(CeoHg4014) [K2(PFs) [Cs(PR)
(CseH7Ow)PRs  (H:0)]PRe2CHO  (CotHioO1)]PFs  (CeeHiacOw)PFs
FW 1085.38 1141.48 1341.31 1695.18 1509.62 1977.76
Crystal system Triclinic Triclinic Monoclinic Tridlic Triclinic Triclinic
Space group P-1 P-1 C2/c P-1 P-1 P-1
alA 15.5428(4) 14.0441(5) 36.7201(7) 12.5169(3) 1075) 10.4675(4)
b/A 16.2070(5) 16.3664(6) 19.6013(5) 17.8145(5) 17(@) 16.8329(7)
c/A 28.1062(9) 16.5780(6) 19.4874(6) 18.0005(5) 23(9) 27.588(1)
al® 78.135(2) 99.948(2) 90 70.468(2) 109.330(3) 89(3)
pI° 88.922(2) 104.812(2) 116.801(1) 79.987(2) 95(389 97.404(2)
yl° 62.066(2) 112.067(2) 90 82.768(1) 89.952(3) 63(2)
Volume/A® 6096.8(3) 3256.7(2) 12519.6(6) 3715.3(2) 3698.9(3) 4771.6(3)
z 4 2 8 2 2 2
Dcacd/Mg-m* 1.182 1.164 1.423 1.515 1.355 1.377
F(000) 2352 1240 5600 1732 1592 2056
p/mm* 0.661 0.641 2.676 8.867 2.323 6.958
Crystal size/mm 0.15x0.10x0.07 0.26x0.20x0.10 0.15%0.10%0.05 0.3mx®.10 0.10x0.10x0.05 0.20x0.08x0.06
Meas. refins 29260 15745 17010 45717 16668 19576
Indep. refins 20072 10590 10802 12755 11625 13472
Rint 0.0909 0.0593 0.0589 0.0587 0.1246 0.0927
Ri[1> 25(1)] 0.0792 0.0852 0.0788 0.0449 0.0969 0.0826
WR2[1> 25(1)] 0.1761 0.2238 0.2001 0.1125 0.2355 0.1656
GooF onF? 1.063 1.025 1.029 1.044 1.074 1.055
Largest diff. 0.470, -0.378 0.580, -0.335 0.713, -0.646 0.88334 0.828, -0.457 1.027,-0.634

25

peak and hole/ e
3

2 Unit cell dimensions for COBC5, C10BC5 and C11RE%he endnote8.Isomorphous structures obtained fraamt-butanol/methanoiso-
butanol/methanol, and ethanol solutions.

This journal is © The Royal Society of Chemistry [year]

Journal Name, [year], [vol], 00-00 | 7



Notes and references

" C9: C2/c,a=52.218(1)p=14.6337(3)c=21.2980(5)/=101.245(1),
V=15962.2(6),C10: C2/c,a=54.931(2)b=14.5212(5x=21.3574(8),
$=102.354(2), V= 16641.4(1%11: C2/c,a=57.434(2)b=14.5337(4),
€=21.1864(7)$=100.590(1), V=17383.6(1).
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