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ABSTRACT: Nanoparticle assemblies with long range packing order and defined crystallographic orientation of building blocks, 

i.e., mesocrystals, are of high interest not only because of their unique physical properties, but also due to their complex structure and 

morphogenesis. In this study, faceted mesocrystals have been assembled from the dispersion of truncated cubic-shaped iron oxide 

nanoparticles stabilized by oleic acid (OA) molecules using the non-solvent “gas phase diffusion technique” into an organic solvent. 

The effects of synthesis conditions as well as of the nanoparticle size and shape on the structure and morphogenesis of mesocrystals 

were examined. The interactions of OA capped iron oxide nanoparticles with solvent molecules were probed by analytical ultracen-

trifugation and double difference pair distribution function analysis. It was shown that the structure of the organic shell significantly 

depends on the nature and polarity of solvent molecules. For the nonpolar solvents, the interaction of the aliphatic chains of OA 

molecules with the solvent molecules is favorable and the chains extend into the solvent. The solvation shell around the nanoparticles 

is more extended in nonpolar and more compact in polar solvents. The interplay between the shape of the iron oxide nanocrystals and 

the specific interaction of nanoparticles with solvent molecules governs the process of self-assembly towards mesocrystals and de-

termines the crystal structure and the related morphology of mesocrystals. The observed changes in packing symmetry are to a certain 

extent in analogy to structural polymorphism known for “classical” (atomic and molecular) crystals. 

INTRODUCTION 

The synthesis of nanocrystals and their self-assembly to super-

structures is of major importance in current materials science1-

3, because nanocrystals frequently exhibit exceptional size-de-

pendent properties in comparison to their bulk material.4-6 The 

nanoparticle assemblies not only maintain some of these size-

dependent properties, they can additionally exhibit collective 

properties resulting from the interaction of nanoparticles.7-11 

Consequently, assembly of nanocrystals into macroscopic solid 

superstructures are of high scientific relevance in the field of 

materials science and application.12  

Ordered assemblies of nanocrystals have been denoted differ-

ently in the scientific literature over time, ranging from colloi-

dal crystals, mosaic crystals, supracrystals, supercrystals, super-

lattices (SL) to mesocrystals.13-18 To distinguish assemblies, in 

which this crystallographic orientational order of the crystalline 

building blocks also exists, the term mesocrystals has been 

coined.19-21 Hence, in the most strict sense mesocrystals (so-

called type I) are a special class of colloidal crystals combining 

a long-range order of particle packing and their preferable crys-

tallographic orientation (i.e., atomic scale ordering). 



 

The assembly process of nanoparticles into ordered superstruc-

tures can be described with the so-called “non-classical” crys-

tallization process. It is generally accepted that in contrast to the 

“classical crystallization” which describes the formation of 

crystals and/or aggregates by a sequential attachment of mole-

cule/ions/atoms, the “non-classical crystallization” theory in-

cludes a particle-mediated crystallization process with nanopar-

ticles acting as building blocks.22, 23 Notwithstanding, Monte-

Carlo simulations and free-energy calculations enable the con-

struction of complex phase diagrams for nanocrystal assemblies 

similar to classical crystals.24, 25 These ordered superstructures 

differ from those resulting from aggregation of larger micropar-

ticles (so-called “classical colloids”) and cannot be comprehen-

sively described within the theory of colloidal stability devel-

oped by Derjaguin, Landau, Vervey, and Overbeek (so-called 

DLVO-theory).26-28 Indeed, at the nanometer scale, in case of 

small nanoparticles stabilized by surface ligands, nanoparticle 

interaction forces are no longer additive (so-called principle of 

“non-additivity”).29 Complex multiscale collective effects lead 

to a breakdown of DLVO theory for nanoparticles. They also 

include coupled dynamics of interacting nanoparticles (espe-

cially the capping organic molecules stabilizing the nanoparti-

cles) and the surrounding media. 29  

In the last few years, many research groups have reported on 

assembly techniques of micrometer-sized mesocrystals of plat-

inum, magnetite, lead sulfide, and silver amongst other materi-

als.8, 30-38 They have shown remarkable structures of mesocrys-

tals, which are perfectly regular and feature well-defined facets, 

like “classical” crystals. Commonly, nanocrystals are assem-

bled to mesocrystals either via “drying mediated assembly 

methods” or via the “gas phase diffusion technique”.8, 17, 34, 36, 37 

Often, the structure of these assemblies is characterized incom-

pletely, while the main emphasis is put on the study of explicit 

properties or specific applications of mesocrystals.10, 12, 39, 40 

Nevertheless, investigations with a combination of small- and 

wide-angle X-ray scattering techniques (SAXS and WAXS) as 

well as advanced microscopy techniques allow a full structural 

analysis of self-assembled superstructures based on nanoparti-

cles of different composition and shape.8, 18, 31, 33, 35, 37, 38 Recently 

developed Angular X-ray Cross-Correlation Analysis 

(AXCCA) method allows the determination of the superlattice 

distortion and relative orientation of substituting nanoparticles 

in mesocrystals with high precision.41-45 Similarly, great effort 

is put on how these crystals nucleate and grow and how the ki-

netics influence the non-classical crystallization of mesocrys-

tals.16, 37, 46-51 Furthermore, there are many interesting results on 

how growth conditions can impact the final structure of meso-

crystalline films.52-57 Accordingly, different superlattice struc-

tures can be obtained by solvent evaporation from dispersions 

with different dispersion agents as well as with nanoparticles 

stabilized by different ligands.3, 32 However, an understanding 

of the morphogenesis of macroscopic mesocrystals is still lack-

ing. Specifically, the exact parameters which influence the crys-

tal structure and morphology, including packing arrangement 

and orientational order, remain largely unexplored.  

Grazing incidence X-ray scattering is one of the widely used 

technique to study real-time self-assembly of nanoparticles. In 

situ study of PbS and Fe3O4 nanoparticle assembly by “spherical 

confinement”47, 58, 59 reveals that alignment of nanoparticles oc-

curs before the superlattice densifies. It was suggested that the 

self-assembly process thus unfolds as a two-step process. Here, 

nanoparticles interact similarly to hard spheres solely by reduc-

ing the volume to the densest possible packing arrangement 

(fcc) without solvent-mediated interactions. It was speculated 

that other interactions are not important and the growth of a 

mesocrystal depends only on the disposability of nanocrystals 

irrespective of the relative time of formation60. Contrary, in the 

case of Au nanoparticles, experiments and simulations show 

that solvent-mediated interactions can significantly affect the 

nucleation of colloidal crystals.61 Furthermore, it has been 

found that the final morphology of colloidal crystals depends 

on the size of the initial nanocrystals. Recently, large progress 

in the understanding of medium properties on nanoparticle as-

sembly processes was made by real time tracking of growth pro-

cesses of highly ordered superlattices using small-angle X-ray 

scattering.37 This study reveals that the assembly process of iron 

oxide nanoparticles is significantly affected by the evaporation-

driven increase of the solvent polarity, particle concentration, 

and excess of surfactant.37 Furthermore, theoretical considera-

tions for nanocrystals with anisotropic shapes predict the for-

mation of liquid-crystalline and plastic-crystalline phases with 

orientational and translational order, respectively.62 For super-

paramagnetic iron oxide nanocrystals, within the size range 

from 5 nm to 15 nm the magnitude of the magnetic dispersion 

interactions at zero-field was shown to be negligible in compar-

ison to van der Waals forces between the nanoparticles.63  

In recent years, our work focused on the preparation and struc-

tural characterization of self-assembled iron oxide mesocrys-

tals8, 13, 64-66 prepared from highly monodisperse truncated 

nanocubes of iron oxide (composed of magnetite with some in-

clusion of maghemite (up to ~ 20%)).13 The morphology of 

these nanocrystals could be approximated as cubes slightly 

truncated by {111}, {110}, {310} and {114} faces. Using TEM 

and SAXS we analyzed the structure of self-assembled meso-

crystalline films (formed from toluene dispersion by the “drying 

mediated” technique) and showed that the orientational order of 

nanocrystals within an fcc superlattice is in line with the so-

called “bump-to-hollow” packing principle known for molecu-

lar crystals (which aims to achieve the most efficient space fill-

ing).67 Furthermore, we confirmed that external magnetic field 

could significantly affect the assembly process and change the 

morphology of aggregates and orientational order of nanoparti-

cles.64  

This paper intends to provide a systematic study of morphoge-

netic aspects of mesocrystals and represents an important step 

forward compared to our previous study. A detailed structural 

characterization of faceted mesocrystals will be discussed in a 

follow-up article. Herein, we took advantage of the iron oxide 

nanocrystals stabilized by oleic acid (OA) as building blocks to 

create mesocrystalline films and large-scale facetted mesocrys-

tals using “solvent evaporation” and “gas-phase diffusion” 

techniques, respectively. All experiments on nanoparticles as-

sembles were carried out without external magnetic field (i.e., 

in zero-field). First, we will discuss the effect of nanoparticle 

variables (incl. size, faceting, habit) on the crystallization pro-

cess and structuring of mesocrystals. Second, we will show that 

the assembly process can be further influenced by the nature of 

solvent (tetrahydrofuran, toluene, cyclohexane, and heptane), 

non-solvent, and excess of surfactant. For the first time, the for-

mation of solvation shell around oleic acid capped iron oxide 

nanoparticles was probed by advanced analytical techniques di-

rectly in dispersion, namely analytical ultracentrifugation 



 

(AUC) and double difference pair distribution function (dd-

PDF). The solvation shell formed in solvents with different po-

larity significantly influences the morphogenesis and final 

structure of the mesocrystals, which is also confirmed by XRD 

study in combination with AXCCA. Finally, we show that mes-

ocrystals exhibit several similarities to “classical” crystals in 

terms of structural and morphogenetic aspects. The latter in-

clude “structural polymorphism” of mesocrystals due to differ-

ent growth conditions.  

RESULTS AND DISCUSSION 

The nanocrystals have been synthesized as described by Disch 

et al. 30 Six different nanocrystal batches (batch I-VI, character-

ized by different particle sizes and degrees of truncation of cu-

bic nanocrystals, Table S1, Figures S1-S3). In addition to 

HRTEM images, the relative degree of truncation could be es-

timated by ratio between “equivalent edge length of cube” and 

“minFeret” size (Figures S2, S3). The more this value deviates 

from 1, the higher is the degree of truncation of the cubic parti-

cles: batch I: 0.927; batch II: 0.942; batch III: 0.940; batch IV: 

0.931.These nanocrystals were assembled to mesocrystals using 

either an adapted approach of the “gas phase diffusion tech-

nique” (to form faceted 3D mesocrystals) or evaporation in-

duced self-assembly (to form mesocrystalline 2D/3D films).13, 

64, 68, 69 A simplified illustration of the experimental setups of the 

different techniques is presented in Figure 1. In the case of the 

gas phase diffusion technique (Figure 1 a), the destabilizing 

diffusion phase infiltrates the nanoparticle dispersion via the 

gas phase. The destabilizing diffusion phase (so-called “non-

solvent” or “poor-solvent”) consists of mixture of ethanol and 

solvent (1:1); while tetrahydrofuran (THF), toluene, cyclohex-

ane and heptane were used as solvents, respectively. The mes-

ocrystals are grown on a single-crystalline silicon substrate by 

destabilization of a nanoparticle dispersion containing an ex-

cess of surfactant. In the case of the solvent evaporation tech-

nique (Figure 1 b), mesocrystals were grown directly on a 

TEM-grid by evaporation of the dispersion agent from the nano-

crystal dispersion. 

Structural features of mesocrystals.  

The self-assembled magnetite mesocrystals from nanocrystal 

batch III were investigated by scanning electron microscopy 

(SEM), small and wide-angle X-ray diffraction methods 

(SAXS, WAXS), while the building blocks of these mesocrys-

tals were analyzed with high-resolution Cs-corrected transmis-

sion electron microscopy (TEM). The collected data summa-

rizes the major structural features of the mesocrystals (type I) 

with an fcc superlattice symmetry (a=21.0(3) nm) grown in cy-

clohexane nanoparticle dispersion (Figure 2). The morphology 

of these mesocrystals would be best described as trigonal trun-

cated pyramids and is shown at different magnifications using 

complementary microscopy techniques (Figure 2 a, b). The 

HRSEM image (Figure 2 c) and its corresponding Fast-Fourier-

Transformation (FFT) of the projected (111) basal face of the 

mesocrystal demonstrate the p6mm plane symmetry of the 

packed magnetite nanocrystals with the shape of slightly trun-

cated cubes (proven by the Cs-corrected HRTEM images along 

[100]Fe3O4 in Figure 2 d, 3 a,d,g,j). Furthermore, the SAXS pat-

tern recorded along the [111] direction of the superlattice ex-

hibits a typical single crystal-like pattern indicating the high 

long-range order of nanoparticles within the mesocrystal (Fig-

ure 2 e). The indexed pattern is presented in the supporting in-

formation (Figure S4). The pattern displays secondary Bragg 

peaks, which would be forbidden for “classical” crystals. Most 

probably, these signals are caused by a limited coherence of the 

mesocrystalline lattice. Indeed, such secondary “forbidden” 

Bragg peaks have already been reported for fcc colloidal crys-

tals.70 Unlike ordinary colloidal crystals, mesocrystals show 

typical texture-like diffraction patterns in wide-angle diffrac-

tion (Figure 2 f). The texture-like WAXS pattern proves the 

preferable orientational ordering of the nanocrystals throughout 

Figure 1. Schematic illustration of experimental setup. a) Meso-

crystal formation by the gas phase diffusion:a glass tube with nano-

particle dispersion (1) and a vertically positioned silicon snippet (2) 

is stored in a glass vial containing the destabilizing diffusion phase 

(3). The large overall glass vial is sealed. b) Mesocrystal formation 

by solvent evaporation: a substrate (2, TEM grid) is placed within 

the nanocrystal dispersion (1). The dispersion agent then evaporates 

(3). 

Figure 2. Summary of the major structural features of magnetite 

self-assembled mesocrystals (type I) with an fcc superlattice sym-

metry (a=21.0(3) nm) grown in cyclohexane nanoparticle disper-

sion (batch III). a) Light microscopic image of mesocrystals grown 

on a silicon snippet. b) SEM image of a single mesocrystals with a 

morphology of truncated trigonal pyramid. c) HRSEM image and 

its corresponding FFT of the (111) basal face of the mesocrystal 

(shown in b) illustrating the p6mm plane symmetry of the projec-

tion of nanoparticle packing. d) HRTEM image of the magnetite 

nanoparticle along [100] e) Two-dimensional SAXS pattern rec-

orded along [111] of a single mesocrystal. f) WAXS recorded from 

a single mesocrystal showing a typical texture-like pattern. 



 

the mesocrystal. Even though the data received from X-ray 

analysis for the structure of the mesocrystals is highly interest-

ing, its detailed discussion is beyond the scope of this paper and 

will be subject of the follow-up manuscript devoted to the struc-

tural aspects of mesocrystals. Nevertheless, combining all dis-

cussed experimental evidences, we conclude that the investi-

gated specimen can be described as a mesocrystal type I.21  

 

Effect of nanoparticle shape.  

Investigations of mesocrystals formed under the same medium 

conditions, but with different nanocrystal batches (batch I-IV), 

reveal that the habit (i.e., degree of the cube truncation) of the 

individual building blocks significantly influences the packing 

symmetry of nanoparticles and mesocrystal morphology. The 

effect of nanoparticles size (within the investigated range) is 

less pronounced, and mainly depends on ratio between inor-

ganic core radius and thickness of organic shell. Figure 3 illus-

trates faceted mesocrystals prepared by the “gas phase diffusion 

technique” from a toluene dispersion of magnetite nanocrystals 

using oleic acid as surfactant and ethanol as non-solvent agent. 

The building blocks of the mesocrystals from all prepared nano-

crystal batches were analyzed using Cs-corrected HRTEM and 

analytical ultracentrifugation (Table S1 and Figure 3, 4, S1-

S3). All nanoparticle batches show narrow size distributions, 

with nanocrystals from batch IV being significantly bigger on 

average than in other batches. While the truncated nanocubes 

from batches I-IV have uniform crystal faceting, they differ in 

their crystal habit with batch II showing the lowest degree of 

truncation and batches I and IV showing the highest. The shape 

of the particles from batches V and VI is best described as 

“semi-spherical” and were included in this study to examine the 

sole effect of interaction of oleic acid capped nanoparticles with 

solution molecules by excluding the effect of nanocrystal shape 

anisotropy and faceting.  

Detailed results of TEM investigations of mesocrystalline films 

prepared from nanocrystals of all six batches by means of the 

solvent evaporation technique are shown in Figure S5. In case 

of 3D faceted mesocrystals (batches I-IV) prepared by the “gas 

phase diffusion technique”, the morphology and the symmetry 

of the superlattice (i.e., translational order of nanoparticles) 

clearly changes when changing the crystal habit of the nano-

crystals (Figure 3 b, e, h, k). Starting with the smallest and 

most highly truncated nanocrystal batch,13 these building blocks 

lead to octahedral mesocrystals consistent with fcc superlattice 

(Figure 3 a-c). The octahedral (111) face shows the p6mm sym-

metry of the surface. Nanocrystal batch II presents the least 

truncated building blocks of the investigated nanocrystals, their 

size being slightly bigger than the nanocrystals of batch I (Fig-

ure S3).  

Under the given conditions, these slightly truncated nanocrys-

tals form mesocrystals with a morphology of tetragonal prisms 

(Figure 3 d-f, bct superlattice). The (001) basal face has a to-

pology of a square lattice with the p4mm symmetry. The trun-

cation of nanocrystal batch III is in between nanocrystal batch I 

and II. These nanocrystals self-assemble to mesocrystals with a 

rhombohedral morphology (Figure 3 h). The symmetry of the 

mesocrystals basal rhombohedral face is c2mm (Figure 3 i, 

FFT). Nanocrystal batch IV at the same time contains the big-

gest and highly truncated (slightly lower than batch I, Figure 

S3) cubic building blocks (Figure 3 j). The morphology of the 

mesocrystals resulting from these nanocrystals can be described 

as tetragonal truncated pyramids. The SEM images of the sur-

face layer of these self-assembled magnetite mesocrystals ex-

hibit a p4mm symmetry. 

Remarkably, this data reveals that the morphology of mesocrys-

tals and the related packing symmetry of the nanoparticles (e.g. 

translational order of nanoparticles within the mesocrystals) 

changes drastically with an increasing degree of truncation of 

the cubic building blocks. In case of self-assembly from toluene 

dispersion with increasing the degree of nanoparticles trunca-

tion the symmetry of superlattice changes from rhombohedral 

and bct and finally to fcc. The orientational order of the nano-

crystals within the mesocrystalline arrays, however, is similar 

throughout nanocrystal batches I-IV (at least for mesocrystal-

line films), due to the same faceting of the nanocrystals (Figure 

S5).  

 

Figure 3. Illustration of mesocrystals crystallized from the toluene 

dispersion of different nanoparticle batches (I – IV). a), d), g) and 

j) Cs-corrected HRTEM images (insets: scale bars = 5 nm) of the 

four nanoparticle batches together with models along [114]. b), e), 

h) and k) Mesocrystals crystallized under similar conditions in tol-

uene and OA as surfactant. Different morphologies are visualized: 

b) an octahedral mesocrystal (fcc superlattice, insets: scale bar = 

500 nm)). e) a tetragonal prism (bct superlattice, inset: scale bar = 

5 µm)). h) a rhombohedral mesocrystal (inset: scale bar = 10 µm) 

k) a truncated tetragonal pyramid (bct superlattice, inset: scale bar 

= 10 µm) c), f), i) and l) HRSEM images and corresponding FFT 

of the projected mesocrystals faces showing the packing of the 

nanocubes. c) For mesocrystals of batch I, a {111} face exhibing 

the p6mm plane symmetry, i) the rhombohedral mesocrystals ex-

hibit on its (001) face a c2mm planar symmetry and f,) k) obtained 

from batch II and IV have a p4mm planar symmetry on its (001) 

basal face. 



 

Effect of dispersion agent on the morphology of 3D colloidal 

crystals.  

Further investigations of nanocrystal batches II-VI show that 

the morphology of colloidal crystals (namely mesocrystals for 

batches II-IV) and translational order of nanoparticles are also 

significantly affected by the nature of the dispersion agent. 

SEM and light microscope (LM) images nicely illustrate differ-

ent morphologies of the aggregates (Figure 4 and Figure S6-

S8) crystallized from different media. The self-assembly of the 

nanoparticles from polar solvents such as THF and toluene (for 

our purposes solvent polarity is characterized by its dielectric 

constant and compared to oleic acid, Table S2) can lead to a 

variety of different morphologies, such as tetragonal prisms 

(batch II), rhombohedra (batch III), tetragonal truncated pyra-

mids (batch IV) and trigonal truncated pyramids and octahedra 

(Figure 4 A1, A2, B1, B2, C1, C2, D1, D2, E1, E2). 

The 2D symmetry of the (001) basal face of the mesocrystals 

from nanocrystal batches II and IV is p4mm, while the sym-

metry of the (001) face for the rhombohedral mesocrystal of 

nanocrystal batch III is c2mm and for octahedral faces of 

batches V and VI is p6mm (Figure S6 d-i, S7 g-l, S8 g-l). In 

contrast, the morphology of the colloidal crystals is always a 

trigonal truncated pyramid (with fcc symmetry of the superlat-

tice), when the nanocrystals are aggregating from nonpolar dis-

persion agents such as cyclohexane and heptane (Figure 4 A3, 

B3, B4, C3, C4, D3, E3). All these mesocrystals show p6mm 

plane symmetry on the (111) basal face (Figure S6 a-c, S7 a-f 

and S8 a-f). Furthermore, the assembly process of the nano-

crystals from nonpolar solvents is slower than for polar sol-

vents. As an example, with THF as the dispersion agent, the 

complete self-assembly process occurred within four days, but 

it took eight days in case of toluene (keeping all other conditions 

the same, see the Experimental part). The complete crystalliza-

tion time from cyclohexane and heptane solutions may even 

take up to a month or more. The difference of the morphology 

and the symmetry of the superlattice (e.g. structural polymor-

phism) cannot be exclusively explained by modified kinetics of 

the self-assembly process. Rather, we need to take into account 

the specific interaction of iron oxide nanocrystals stabilized by 

oleic acid molecules with surrounding media to explain the ob-

served phenomena.29 Similar observations (of solvent impact 

onto mesocrystals shape and structure) were also reported for 

several other nanoparticle self-assemblies.37, 53, 71 Furthermore, 

molecular crystals can also be prepared with different morphol-

ogies and crystal structures (i.e. polymorph modifications) by 

crystallization from different solvents.68 It was suggested that 

the polarity and related dielectric constant of the solvents are 

crucial for this behavior of molecular and colloidal crystals.37 In 

accordance to these reports and to our experimental observa-

tion, we suggest that the different morphologies of self-assem-

bled magnetite mesocrystals obtained from different dispersion 

agents can be correlated to the polarity of dispersion agents and 

to the nature of the surfactant stabilizing the nanoparticle (i.e. 

the organic shell) (Table S2). Here, the interaction between the 

dispersion agent and the organic shell of the nanocrystals seems 

to be the most important parameter influencing the final mor-

phology of the mesocrystals and the symmetry of the superlat-

tice (while we used an excess of surfactant, which is also crucial 

for the successful formation of the mesocrystals13, 37). Cyclo-

hexane and heptane have a significantly lower dielectric con-

stant than toluene and THF. In the case of mesocrystals from 

batches I-IV with morphologies of tetragonal prisms, rhombo-

hedra, and tetragonal truncated pyramids, the dielectric constant 

of the solvents is similar or higher than that of oleic acid and the 

crystallization time is faster. While for the same batches, the 

mesocrystals with a shape of a trigonal truncated pyramid crys-

tallize from the less polar solvents (e.g. cyclohexane and hep-

tane). Based on this observation, we can also suggest that the 

effective shape of the nanoparticles is significantly affected by 

the interaction of stabilizing molecules (oleic acid) with the sur-

rounding dispersion agent. It can be hypothesized that in non-

polar solvents the formed solvation shell changes the “effective 

shape” of the nanocrystals towards the spherical shape by 

smoothing the edges and vertices of the truncated nanocubes. 

This significantly affects the assembly process and the sym-

metry of the resulting superlattices. These observations are also 

consistent with the fact that, under the investigated conditions, 

the colloidal crystals formed from batches V and VI always 

have the fcc structure and the morphology of trigonal truncated 

pyramids and/or octahedra independent from the dispersion 

agent. Furthermore, the kinetic of the crystallization process is 

also significantly affected.  

Figure 4. Mesocrystals prepared from nanocrystals dispersed in 

different solvents (batches II, III, IV, V, VI). Illustration of the 

changes of morphology of the mesocrystals by changing the solvent 

(from polar to nonpolar solvents). HRTEM images along [100] of 

the three nanocrystal batches and its approximated model (along 

[114]) are given (nanoparticles from batches V and VI show “semi-

spherical” morphology). The size of the building blocks is pre-

sented in Table S1. A1 and A2 Batch II shows mesocrystals with a 

morphology of a tetragonal prisms when crystallized from toluene 

and THF. A3 The morphology changes to truncated trigonal pyra-

mids when crystallized from cyclohexane. B1 and B2 Dispersed 

nanocrystals of batch III in THF and toluene lead to rhombohedral 

morphologies. B3 and B4 When crystallized from cyclohexane and 

heptane, the morphology changes to trigonal truncated pyramids. 

C1 and C2 Mesocrystals from nanocrystal batch IV show tetrago-

nal truncated pyramids when crystallized from THF and toluene. 

C3 and C4 Trigonal truncated pyramids appear from nanocrystal 

batch IV when crystallized from cyclohexane and heptane. D1 – E3 

Batches V and VI show mesocrystals with a morphology of a trun-

cated trigonal pyramids and octahedra crystallized from THF, tolu-

ene and cyclohexane. 



 

Effect of dispersion agent on the symmetry of superlattice 

and interparticle distance in mesocrystals.  

The mesocrystals grown from THF and heptane nanoparticles 

dispersions of batch IV were studied by XRD. Intensity distri-

butions in 3D reciprocal space were collected from single grain 

samples (Figure S9) that allowed to determine the unit cell pa-

rameters not only from standard radial profile refinement, but 

also from more precise AXCCA (for details, see Methods and 

Supporting Information: S5 sub-chapter). Both samples could 

be refined to have bct superlattice (Figure 5). Unit cell param-

eters are a = 15.2±0.1 nm, c = 23.4±0.3 nm for the sample 

grown from THF and a = 16.0±0.2 nm, c = 23.5±0.6 nm for the 

sample grown from heptane (Figure 5a-d). The uncertainties re-

fer to the determination of diffraction maxima, therefore more 

realistic error estimation could be gained from the broadness of 

peak profiles (Figure S12) and corresponds to approx. 0.4 nm 

and 1 nm (for a and c) for THF sample, and 1.2 and 2 nm (for a 

and c) for heptane one. Thus, the former sample has clearly te-

tragonal symmetry (c/a = 1.54), while the latter (c/a = 1.47) can 

be characterized as slightly distorted fcc structure (cf. 

c/a = √2 ≈ 1.41). The difference becomes even better visible 

from the metric in the unit cell parameter space (see Fig-

ure S13) and the geometry of the Voronoi polyhedra72 (Figure 

5e, f). Interestingly, the comparison of lattice parameters of 

both mesocrystals, shows that parameter a is higher for the hep-

tane sample, while c stays nearly the same. This might give an 

impression of “anisotropic” expansion, if one would consider 

the same growth scenario of both mesocrystals. However, the 

SEM images (Figure 3,4, S6-S8) clearly show, that the growth 

scenarios are indeed different. The layer-by-layer growth of 

mesocrystals takes place by stacking square nets ({001} planes 

in bct structure)  in THF (Figure 4, C1) and hexagonal nets 

({011} planes in bct ={111} planes in fcc structure) in heptane 

(Figure 4, C4). Thus, Figure 5 e, f shows that the heptane leads 

to isotropic increase of interparticle distances by ca. 0.8-1.5 nm. 

Taking into account the size of cubic nanoparticles (“Min-

Feret”=14.4 nm, SD=0.7 nm), the thickness of organic stabilizer 

between the particles extends from ca. 0.8 nm in THF to ca. 1.6 

nm in heptane. Furthermore, XRD data indicate higher disorder 

in mesocrystals grown in heptane, by giving broader Bragg 

peaks in reciprocal space.  

 

Effect of dispersion agent on nanoparticle solvation shells.  

To investigate the complex interactions of nanoparticles with 

solvent molecules directly in liquid dispersion, we employed 

advanced double difference pair distribution function (dd-PDF) 

analysis of X-ray total scattering data and analytical ultracen-

trifugation (AUC). The dd-PDF analysis of nanoparticle disper-

sions allows to detect the restructuring of solvent molecules at 

the nanoparticle interface within the solvation shell.73 Due to 

broken symmetry and additional interactions with the nanopar-

ticle surface, solvent molecules reorganize at interfaces. With 

increasing distance from the nanoparticles’ surface, the bulk or-

der is regained and the solvation shell signal vanishes. To study 

the solvation shells around iron oxide nanoparticles capped by 

oleic acid molecules, high energy X-ray scattering data was col-

lected for nanocube dispersions, as well as the bulk dispersion 

media and dried nanopowders as backgrounds. For this dd-PDF 

analysis, we investigated batches V and VI in cyclohexane and 

in THF, with and without excess of oleic acid (3 µL/mL). The 

PDF is gained by Fourier Transformation of the total scattering 

data after background correction and normalization. In general, 

the PDF is a histogram of all interatomic distances within a sam-

ple. In the case of bulk solvents, both intramolecular distances 

and intermolecular distance correlations can be detected. The 

solvation shell signals in the dd-PDFs herein were extracted ac-

cording to Thomä et al.74 Upon subtraction of the signal from 

the bulk solvent (pure THF or cyclohexane), all intramolecular 

distances of the solvent molecules get subtracted as the solvent 

molecules in the solvation shell do not dissociate or change 

compared to the bulk. However, their intermolecular arrange-

ment changes, and thus, the medium-range molecular arrange-

ment is affected, which becomes detectable as an electronic 

density oscillation in the PDF over ca. 30 Å (Figure S15). For 

all samples, the extracted solvation shell signal contains broad 

oscillations. The collected signals for THF and cyclohexane 

were distinctly different. The size of the nanoparticles and the 

addition of extra oleic acid (in the concentration 3 µL/mL used 

for the self-assembly process) did not strongly affect the signal 

from the solvation shells (Figure S16). The derived solvation 

shell signals for THF and cyclohexane around nanoparticles 

from batch VI were exemplarily modelled with exponentially 

Figure 5. Superlattice structure revealed by AXCCA. a), b) Angu-

lar averaged radial profiles of the scattered intensity from the sam-

ples assembled from THF (a) and heptane (b). The dashed vertical 

lines show the peak positions for the structure with optimized unit 

cell parameters. c), d) Cross-correlation functions C(q1,q2,Δ) calcu-

lated for the intensities taken at the momentum transfer q1 corre-

sponding to the 101 Bragg peaks and q2 corresponding to all peaks 

shown in panels a) and b), respectively. The graphs are offset for 

clarity. The black vertical lines show the peak position for the struc-

ture with optimized unit cell parameters. e), f) Structural models of 

mesocrystals grown from THF and heptane dispersion, illustrating 

the geometry of the Voronoi polyhedra and interparticle distance. 

The bct unit cells are shown in black lines. 



 

decaying sine waves according to Zobel et al.73 and Thomä et 

al.74 (Figure 6 a,b). At the distance, where the visible oscilla-

tion was decayed, a linear function was chosen for modelling 

(for more detailed information, see Figure S17). From the si-

nusoidal fit, we can readily obtain the extent of the restructur-

ing, the overall number of restructured solvent layers (i.e. num-

ber of fitted oscillations) as well as the layer spacing (i.e. wave-

length of the fitted oscillation). For the solvation shell formed 

around nanoparticles in THF, four restructured solvent layers 

were identified, while it is five layers in cyclohexane. Hence in 

cyclohexane, one layer more is affected than in THF. Further, 

layer spacings of 4.4 Å and 5.0 Å were obtained for THF and 

cyclohexane, respectively. These values are in good agreement 

with the linear sizes of THF and cyclohexane molecules esti-

mated from van der Waals radii, which correlate well with elec-

tron density distributions, as known from literature (see insets 

Figure 6a, b).75 Moreover, it can be stated, that the extent of 

restructuring (solvation shell signal before decay) around the 

investigated iron oxide nanoparticles found with PDF analysis 

is ca. 8 Å larger for cyclohexane than for THF. Thus, the solv-

ation shell formed around the nanoparticles in cyclohexane 

could significantly modify the “effective shape” of the cubic 

nanoparticles towards sphere (Figure 6b).  

In order to correlate these data with other physicochemical pa-

rameters of nanoparticles in different solvents including the ef-

fective size, density, and sedimentation behavior, AUC analysis 

was used. Figures S18 and S19 show the particle size distribu-

tions in different solvents as evaluated with two different eval-

uation algorithms. While g(s) yields a distribution, which is not 

corrected for the diffusion broadening of the sedimenting 

boundary, the 2 DSA-MC method corrects for this broadening 

so that individual components in the distribution can be seen 

and the distribution for each component is much narrower (Fig-

ures S18 and S19 upper row). In addition, 2 DSA-MC allows 

for plotting the distribution of the frictional coefficients f/f0 ver-

sus the sedimentation coefficient distribution, while the PCSA-

MC method can calculate the partial specific volume of each 

species in the sedimentation coefficient distribution (Figures 

S18 and S19 lower row). It is obvious that several populations 

of nanoparticles exist for most of the samples but the differ-

ences between the most abundant species are small. The hydro-

dynamic diameter can then be calculated using the particle den-

sity (inverse vbar) using the formula 𝑑𝐻 = √
18𝜂𝑠

𝜌𝑝−𝜌𝑠
 (where dH is 

the hydrodynamic nanoparticle diameter, s is sedimentation co-

efficient, η the solvent viscosity, ρp and ρs are particle and sol-

vent densities, respectively). These values are collected in Ta-

ble S3. With the known diameter of the inorganic core of the 

nanoparticles obtained from TEM images, the thickness of the 

solvated organic shell can be calculated. It can be seen that sig-

nificant differences exist for different solvents. In THF, the 

shell thickness is always the smallest, while it is largest for cy-

clohexane. There are differences between g(s) and 2 DSA-MC, 

but the general trend is independent of the AUC evaluation 

method. If compared to the persistence length of an oleic acid 

molecule (18.9 Å), the oleic acid molecules could fold back on 

themselves because the interaction of the nonpolar chains with 

themselves is favored over the interaction with the solvent THF 

and have not an extended solvation shell (evidenced by the PDF 

analysis). Nevertheless, the molecules still provide steric stabi-

lization. For the nonpolar solvent toluene and to a higher extent 

cyclohexane, the interaction of the nonpolar chains of oleic acid 

molecules with the nonpolar solvent is favorable and the chains 

significantly extend into the solvent. This value varies a bit de-

pending on the batch, but in general the stabilization shell ex-

tension in cyclohexane reaches from 17 Å up to 23.5 Å and is 

close to the values obtained by dd-PDF analysis. These values 

further agree well with the persistence length of a stretched 

oleic acid molecule in an extended solvation shell.  

We can now obtain further information looking at the frictional 

ratios f/f0 (Table S3). From TEM data, it is known that nanopar-

ticles from both batches V and VI are spherical and therefore 

have a Perrin friction factor P of 1. It is obvious that for particle 

populations with f/f0 = 1 we can speak of a dense stabilization 

shell. But there are cases in each sample, where f/f0 can be 

higher as 1, which indicates a significant amount of “mobile” 

solvent molecules associated with the particle shell. These are 

also the cases where a high thickness of the organic shell is ob-

served compared to populations with f/f0 = 1. We can, therefore, 

treat the solvation shell as dynamic in such a case where the 

oleic molecules extend into the solvent and also have a signifi-

cant amount of solvent attached to them due to their favorable 

interaction. The extension of such a shell is in good agreement 

with the values obtained by PDF analysis (Figure 6a, b). Upon 

Figure 6. Comparison of solvation shell formed around iron oxide 

nanocrystals stabilized by oleic acid (Batch VI) in THF (a) and cy-

clohexane (b) solutions. (right insets) Schematic illustration of solv-

ation shell around nanoparticles in different solvents and relations 

between the measured thickness values obtained by dd-PDF and 

AUC, and oleic acid molecules. Fitting of PDF curves shows that: 

for THF (a), the exponentially decaying sine wave describes the 

data from 1.8 to 20.2 Å (solid line), while beyond a line function 

suffices (dashed line; no restructuring beyond 20.2 Å); for cyclo-

hexane (b), the exponentially decaying sine wave extends out to 

27.8 Å (solid line). In the insets the side views of the simulated 

electron density distributions of THF (a) and respectively cyclohex-

ane (b) are depicted in green colour. Evaluation of AUC data using 

2DSA-MC analysis shows that: for THF, the calculated thickness 

of a “dense” shell (with f/f0 = 1.0) corresponds to 10.5 Å, while the 

dynamic one (with f/f0 >1.0) is 19 Å (close to the value obtained by 

dd-PDF); for cyclohexane (b), the calculated thickness of the 

“dense” shell (with f/f0 = 1.0) corresponds to 22.5 Å, while the dy-

namic one (with f/f0 >1.0) is 24 Å (close to the value obtained by 

dd-PDF). 



 

sedimentation of the particle, the solvent can flow through such 

shell causing increased friction and also, the oleic acid mole-

cules have more degrees of freedom for movement due to their 

extension into the solution as those, which are folded back on 

themselves in the dense shell with f/f0 = 1. With the exception 

of toluene for batch VI, the majority species in the distribution 

has f/f0 > 1 for toluene and cyclohexane, while it is 1 for THF 

meaning that the shell is dynamic in toluene and cyclohexane, 

while it is dense in THF. 

Based on these findings, we can finally verify the previously 

proposed hypothesis concerning the effect of solvent on the “ef-

fective shape” of the nanoparticles and changing the structuring 

and morphogenetic processes of colloidal crystals (incl. meso-

crystals). Furthermore, our new findings could be essential for 

the further development of theories describing the aggregation 

behavior of nanoparticles in solution and potentially could ex-

plain the “non-additivity” of electrostatic, van der Waals and 

other interactions at the nanoscale (and deviations from classi-

cal DLVO theory)29. 

 

CONCLUSIONS 

In summary, we successfully applied different crystallization 

methods to prepare 3D magnetite mesocrystals (type 1) and an-

alyzed the crystallization conditions in detail. The nanocube 

building blocks were self-assembled either by solvent evapora-

tion technique or gas phase diffusion technique and it was 

demonstrated that the crystallization process of mesocrystals is 

reversible. We have systematically investigated the effect of 

different nanoparticle and media parameters influencing the 

self-assembly process, morphology, and symmetry of the super-

lattice of crystallizing mesocrystals. It was shown that the fac-

eting and habit of the nanocrystals is a crucial parameter affect-

ing the symmetry of the superlattice and final morphology of 

the mesocrystals. However, the translational order of nanocrys-

tals within mesocrystals may alter by changing of the dispersion 

agent (e.g., THF, toluene, cyclohexane, heptane). As an exam-

ple, decreasing the solvent polarity, the shape of the mesocrys-

tals assembled from slightly truncated cubic magnetite nano-

crystals can change from tetragonal prisms and rhombohedra to 

trigonal truncated pyramids and octahedra, reflecting the 

changes of the superlattice symmetry (tetragonal, rhombohedral 

and cubic, respectively). Such changes of nanoparticle packing 

symmetry are to a certain extent in analogy to the structural pol-

ymorphism known for “classical” crystals. Furthermore, by us-

ing dd-PDF and AUC analysis of nanoparticle dispersions, it 

was shown that extension and density of the solvation shell of 

nanoparticles depend on the solvent polarity. For the nonpolar 

solvents like cyclohexane, the interaction of the nonpolar chains 

of oleic acid molecules with the solvent molecules is favourable 

and the chains significantly extend into the solvent. Further-

more, within the solvation shell around the nanoparticle, the ex-

tent of restructuring of solvent molecules is by ca. 8 Å larger 

for cyclohexane than for THF, which significantly modifies the 

effective shape of the nanoparticles. Thus, in nonpolar solvents, 

the thick and “dynamic” solvation shell significantly affects the 

“effective shape” of the nanoparticles towards spheres and leads 

to the formation of colloidal crystals with a fcc superlattice and 

the morphology of octahedra and/or truncated trigonal pyra-

mids. This effect is responsible for the increase of the interpar-

ticle distances in mesocrystals grown from polar (e.g., THF) vs.  

non-polar solvents (e.g., heptane). These findings are consistent 

with our previously proposed phenomenological model,8, 21 sug-

gesting that the type of particle packing depends on their effec-

tive softness, which in turn (along with the nature of a solvent) 

has impact on the shape of the mesocrystals. 

Finally, this fundamental research allows to understand basic 

principles of morphogenesis of self-assembled faceted meso-

crystals built up from cubic magnetite nanoparticles with differ-

ent degrees of truncation. These basic principles can be readily 

transferred to other nanocrystal systems. They will serve as a 

proxy system for the optimization of synthesis condition and 

synthesis of mesocrystals with defined structure and morphol-

ogy.  

 

EXPERIMENTAL SECTION 

Synthesis of the nanocubes: The heating-up method was used 

for the preparation of the iron oxide nanocubes with different 

sizes and degrees of truncation according to literature.13, 76, 77  

Synthesis of the mesocrystals, evaporation induced self-assem-

bly: The evaporation induced self-assembly was performed ac-

cording to literature.13 A nanocrystal dispersion (5 mg/mL) con-

taining oleic acid (1 µL/mL) is dried slowly on top of a carbon-

foiled TEM grid. 

Synthesis of the mesocrystals, gas phase diffusion technique: In 

a glass vial containing a silicon snippet (orientation (100), Crys-

Tec Kristalltechnologie), 400-500 µL of the nanoparticle dis-

persion of a given nanoparticle and surfactant (oleic acid) con-

centration was injected. A typical experiment is performed with 

5 mg/mL nanocrystal concentration and 3 µL/mL surfactant 

concentration. This glass vial was put into another glass vial 

containing the diffusion phase (1.5-2.5 mL). It was then stored 

until the nanoparticles were destabilized. Finally, the silicon 

snippet was removed and investigated. 

Scanning Electron Microscopy: For the SEM images a Zeiss 

CrossBeam 1540XB was used reaching a resolution of up to 1.1 

nm. It is equipped with an InLens detector and SE2 detector. 

Transmission Electron Microscopy: The TEM images were rec-

orded using two different microscopes. The Zeiss Libra 120 can 

reach a point resolution of 0.34 nm with a 120 kV Lanthanum 

hexaboride emitter and a Koehler illumination system. The high 

resolution TEM imaging of the nanoparticles was performed at 

300 kV acceleration voltage using a probe and image aberration 

corrected FEI TITAN3 transmission electron microscope. TEM 

images were analyzed with DigitalMicrograph ® Gatan Micros-

copy Suite 3 software (Gatan Inc., ver. 3.41.2938.1). To calcu-

late the core diameter of the nanocrystal batches TEM images 

were processed using Fiji software. The histograms were fitted 

using Gaussian function.  

Single-crystal Small-angle X-ray Scattering: The SAXS meas-

urements of the selected mesocrystals were performed by 

means of a Bruker AXS Nanostar diffractometer using Cu Kα 

radiation. The analysis of SAXS pattern was performed using 

JEMS software. 



 

Single-crystal Wide-angle X-ray Diffraction: A single meso-

crystal was mounted on a MicroLoop holder. The XRD images 

were collected by use of a Rigaku AFC7 diffractometer quipped 

with Mercury CCD Detector (Mo-Kα-radiation, 

λ = 0.71073 Å). 

Analytical Ultracentrifugation: The AUC measurements were 

performed on an Optima XL-A (Beckman Coulter, Palo Alto, 

CA, United States) using absorbance optics at 7000 rpm at 

20 °C. 12 mm double sector titanium centerpieces (Nanolytics, 

Potsdam, Germany) were used for all experiments. Sedfit (ver-

sion 16.1c by Peter Schuck78) was used for performing the g(s) 

distributions with the ls-g*(s) model and Tikhonov-Phillips reg-

ularization.79 UltraScan380 (Version 4.0, revision 2783) was 

used for performing the two-dimensional spectrum analysis 

(2DSA)81, Custom Grid (CG)82 and parametrically constrained 

spectrum analysis (PCSA).82 The 2DSA-, CG- and PCSA-

Monte Carlo (MC) analyses were performed with 50 iterations. 

The final fitted densities from PCSA-MC analyses were used 

for the calculations of the hydrodynamic diameter (dH) of nano-

particles. In another dH order, the real density of magnetite na-

noparticles stabilized by oleic acid was estimated by taking into 

account that the oleic acid content was around 20 wt% (based 

on the results of chemical analysis).13 

X-ray scattering experiment on the single grains. The X-ray ex-

periment was performed on the cuboidal grains with all dimen-

sions of about 1 μm cut from the mesocrystals grown from THF 

and heptane dispersions by focused ion beam (see Supporting 

Information: S4 sub-chapter for details). The scattered intensity 

in full 3D reciprocal space of the colloidal crystal grains was 

measured the same way as described in Ref.45 The experiment 

was performed at P10 Coherence Applications beamline at 

PETRA III storage ring (DESY, Germany). Monochromatic X-

rays of 10.235 keV were focused down to ~2.5 × 2.0 μm2 at the 

sample position completely covering slightly smaller colloidal 

crystal grain. The colloidal crystal grain was fixed on a tungsten 

tip mounted on a rotation stage and rotated around the vertical 

axis. At each angular position, the 2D far-field diffraction pat-

terns were recorded by the EIGER X 4M detector positioned 

4.95 m downstream from the sample. The sample was rotated 

by steps of 0.33° over a range of 180° and, by that, the full 3D 

diffraction pattern was measured. At each angular position, a 

series of 3 frames of 1 s exposure each were measured, corre-

sponding to 3 s accumulated exposure to the non-attenuated X-

ray beam. The sample was cooled using a liquid nitrogen cryo-

stat, in order to avoid radiation damage of the organic ligands 

(stabilizing nanocrystals) which could induce the coalescence 

of nanoparticles and destroy the superlattice ordering.  

Angular X-ray Cross-Correlation Analysis. AXCCA was per-

formed as described in Ref.45 Cross-correlation functions were 

calculated between the intensities taken at the brightest first 

peak momentum transfer (q ≈ 0.5 nm-1) and at other momentum 

transfers in the range of q = 0.4 - 1.3 nm-1 with the step of 

0.005 nm-1. The resulting cross-correlation map was repre-

sented in (q, Δ)-coordinates. The expected peak positions for 

the selected superlattice model in these coordinates were calcu-

lated and the cross-correlation intensities in these positions 

were calculated by interpolation of the experimental map. The 

optimal unit cell parameters of the superlattice were found by 

maximization of the total intensities at the expected peak posi-

tions (see Supporting Information for details).  

PDF data acquisition and processing. XRD measurements of 

dispersions of iron oxide nanocubes and pure solvents were car-

ried out at 68 keV (0.1823 Å) at the European Synchrotron Ra-

diation Facility (ESRF) at beamline ID15-A using a PILATUS3 

X CdTe 2M detector (253.7 × 288.8 mm2 sensitive area, 

172 × 172 μm2 pixel size).  XRD data of a corresponding dry 

iron oxide nanopowder was acquired at beamline I15-1 (XPDF) 

at 65.4 keV (0.18957 Å) at Diamond Light Source equipped 

with a Perkin Elmer detector XRD 4343 CT (432 × 432 mm2 

active area, 150 × 150 μm2 pixel size). Each data set at ESRF 

was collected for a total of 3 minutes and at Diamond Light 

Source for 6 minutes. Thereby, 20 data collections of 9 seconds 

(ESRF) and 12 data collections of 30 seconds (Diamond) each 

were performed and then averaged. All samples were measured 

in 1 mm Kapton® capillaries. NIST chromium(III) oxide stand-

ards (ESRF) and NIST silicon standards (Diamond) were used 

for distance calibration and instrumental resolution determina-

tion. For data processing of ESRF data the following software 

packages were used: for masking Fit2D; for calibration pyFAI-

calib2; and for radial integration xpdtools. For data from Dia-

mond Light Source calibration, radial integration, masking and 

normalization of the data was done in the DAWN software 

package.83 PDF processing was carried out with xPDFsuite84 

and fitting in IgorPro by WaveMetrics. All data was treated in 

the same way during data analysis. The powder PDF of the iron 

oxide nanopowder was scaled to the experimental d-PDFs each 

with an individual scale factor y1 in the distance range >20 Å. 

The iron oxide nanopowders data was collected on nanoparti-

cles of batch IV, while the dispersions measured contained na-

noparticles of batches V and VI, as no powder of the latter cubes 

was available. The difference between the PDFs of 8-100 and 

150 Å cubes, in particular over the interesting distance range of 

30 Å is negligible as the shape functions of the cubes are pretty 

similar in this range. Moreover, the shape functions are con-

stantly decaying over r, while the solvent restructuring features 

a sinusoidal structural fingerprint. Therefore, for means of this 

data analysis, where the PDFs are subtracted in real space, any 

errors which are of importance to the interpretations drawn due 

to the subtraction of the PDF of a slightly offset iron oxide pow-

der size, can be ruled out. According to Thomä et al.74 the dd-

PDFs of the different dispersions can be compared by mutual 

scaling of the powder PDFs contribution to the overall PDF. For 

this, we again use the scale factor y2 and in this case the inten-

sity of the IONP PDF peak at 28.52 Å. All samples were scaled 

to an intensity of 0.3 at this point, since this value was the aver-

age value for all samples. The description of the solvation layers 

is based on an exponentially decaying sine wave according to 

Thomä et al.74 The high frequency ripples visible in the dd-

PDFs is high-frequency noise due to the low concentration of 

the dispersions and does not contain any structural signal.  

The Supporting Information is available free of charge 

Additional data including SEM and TEM images, dd-PDF and 

AUC evaluation, and details of AXCCA 
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SYNOPSIS TOC  

This study describes the synthesis and morphogenetic aspects of faceted magnetite mesocrystals. The assembly of nanoparticles 

is affected by solvent and non-solvent nature, nanoparticle and surfactant concentration as well as by nanoparticle size, shape, 

and solvation shell. The observed changes of mesocrystal structure are to a certain extent in analogy to structural polymorphism 

known for “classical” crystals. 
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