Syou -P'heng Do 
  
Amine Missaoui 
  
Alessandro Coati 
  
Delphine Coursault 
  
Haifa Jeridi 
  
Andrea Resta 
  
Nicolas Goubet 
  
Michal M Wojcik 
  
Arnaud Choux 
  
Sébastien Royer 
  
Emrick Briand 
  
Bertrand Donnio 
  
Jean Louis Gallani 
  
Brigitte Pansu 
  
Emmanuel Lhuillier 
  
Yves Garreau 
  
David Babonneau 
  
Michel Goldmann 
  
Doru Constantin 
  
Bruno Gallas 
  
Bernard Croset 
  
Emmanuelle Lacaze 
email: emmanuelle.lacaze@insp.jussieu.fr
  
  
  
  
  
  
  
  
From Chains to Monolayers : Nanoparticle Assembly Driven by Smectic Topological Defects
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In this article, we show how advanced hierarchical structures of topological defects in the so-called smectic oily streaks can be used to sequentially transfer their geometrical features to gold nanospheres. We use two kinds of topological defects, 1D dislocations and 2D ribbon-like topological defects. The large trapping efficiency of the smectic dislocation cores not only surpasses that of the elastically distorted zones around the cores but also the one of the 2D ribbon-like topological defect. This enables the formation of a large number of aligned NP chains, within the dislocation cores that can be quasi-fully filled without any significant aggregation outside the cores. When the NP concentration is large enough to entirely fill the dislocation cores, the LC confinement varies from 1D to 2D. We demonstrate that the 2D topological defect cores induce a confinement that leads to planar hexagonal networks of NPs. We then draw the phase diagram driven by NP concentration, associated with the sequential confinements induced by these two kinds of topological defects. Owing to the excellent large-scale order of these defect cores, not only the NP chains but also the NP hexagonal networks can be oriented along the desired direction, suggesting a possible new route for the creation of either 1D or 2D highly anisotropic NP networks. In addition, these results open rich perspectives based on the possible creation of coexisting NP assemblies of different kinds, localized in different confining areas of a same smectic film that would thus interact thanks to their proximity but also would interact via the surrounding soft matter matrix.

Liquid crystal (LC) topological defects are fascinating objects, which are actively studied nowadays as model systems for a deep understanding of topological matter [START_REF] Isaac | Cosmology in the Laboratory: Defect Dynamics in Liquid Crystals[END_REF][START_REF] Tom | Phase-Transition Dynamics in the Lab and the Universe[END_REF][START_REF] Ball | Orientability and Energy Minimization in Liquid Crystal Models[END_REF][START_REF] Campo | Universality of phase transition dynamics: Topological defects from symmetry breaking[END_REF] .It has been also discovered that they can attract and trap inorganic nanoparticles (NPs). The trapping of NPs within topological defect cores allows for the release of the defect core energy and for the stabilization of the composite systems [START_REF] Yoshida | Nanoparticlestabilized cholesteric blue phases[END_REF][START_REF] Eva | Nanoparticle-induced widening of the temperature range of liquid-crystalline blue phases[END_REF][START_REF] Brigita | Theoretical and experimental study of the nanoparticle-driven blue phase stabilisation[END_REF][START_REF] Bohdan | Different modulated structures of topological defects stabilized by adaptive targeting nanoparticles[END_REF][9] . LC topological defects may thus be useful as a matrix for new kinds of NP organizations templated by the defect geometry [10][START_REF] Mohamed | Reversible Nanoparticle Cubic Lattices in Blue Phase Liquid Crystals[END_REF][START_REF] Haridas | Tuning and Switching a Plasmonic Quantum Dot Sandwich in a Nematic Line Defect[END_REF] . The research on LC topological defects is constantly expanding and many attractive systems are emerging, in particular characterized by the formation of different kinds of topological defects in a single system, like LC droplets or shells [START_REF] Lopez-Leon Teresa | Drops and shells of liquid crystal[END_REF][START_REF] Lopez-Leon | Frustrated nematic order in spherical geometries[END_REF][START_REF] David | Geometrical frustration of chiral ordering in cholesteric droplets[END_REF][START_REF] Alexandre | Waltzing route toward double-helix formation in cholesteric shells[END_REF] or even oriented thin smectic films [START_REF] Delphine | Self-organized arrays of dislocations in thin smectic liquid crystal films[END_REF][START_REF] Ian | Observations of a streak texture in the hybrid-aligned smectic-C phase[END_REF] .

Our aim is thus to go beyond the demonstration of the trapping phenomenon of NPs by LC topological defects and to understand the specificity of each topological defect regarding their NP templating property. In particular, can we use hierarchical structures of topological defects in LC materials to hierarchically build composites made of different kinds of NP assemblies ?

To answer this question, we have used smectic oily streaks made of an array of oriented topological defects, smectic dislocations (1D topological defect), together with ribbon-like grain boundaries (2D topological defect) [START_REF] Delphine | Self-organized arrays of dislocations in thin smectic liquid crystal films[END_REF] . We have increased the concentration of gold NPs whose Localized Surface Plasmon (LSP) resonance in the smectic oily streaks is followed as a function of the local concentration. By combining spectrophotometry, Rutherford Back Scattering (RBS) measurements and X-ray diffraction at the Soleil synchrotron facility, we bring evidence for two different confinement features for the gold NPs. A 1D confinement starts first, where NP chains are formed until the dislocations are quasi-fully filled by the NPs, followed by a 2D confinement at higher concentration. We demonstrate that the 2D confinement induced by 2D topological defects leads to formation of planar oriented hexagonal networks of NPs ( 10 direction more favorably oriented parallel to the LC defect orientation). Our results also highlight how a hierarchical structure of topological defects can be used to sequentially build different kinds of NP assemblies, in relation with different kind of induced confinement by each topological defect. Ultimately this leads to the coexistence of 1D and 2D NP assemblies at different localizations in the same film, opening rich perspectives for future composites formed within LC systems made of different kinds of topological defects. We have used arrays of oriented smectic defects of 8CB (4'-octyl-4-biphenylcarbonitrile) thin films deposited on rubbed poly(vinyl alcohol) (PVA) surfaces, the so-called smectic oily streaks [START_REF] Michel | Structure of Smectic Defect Cores: X-Ray Study of 8CB Liquid Crystal Ultrathin Films[END_REF] . Due to hybrid anchoring at the two interfaces (air/8CB and 8CB/PVA, respectively), the smectic layers become curved in flattened hemicylinders perpendicular to the anchoring on the substrate, itself defined by the rubbing of the substrate (Figure 1). [START_REF] Michel | Structure of Smectic Defect Cores: X-Ray Study of 8CB Liquid Crystal Ultrathin Films[END_REF][START_REF] Michel | Structure of Smectic Defect Cores: X-Ray Study of 8CB Liquid Crystal Ultrathin Films[END_REF][START_REF] Bruno; Lacaze Emmanuelle | Surface-frustrated periodic textures of smectic-A liquid crystals on crystalline surfaces[END_REF] These flattened hemicylinders, with typical periodicity of several hundreds of nanometers, can be detected by polarized optical microscopy (POM) between crossed polarizers, leading to the observation of parallel stripes (Figure 1a). Their internal structure has been determined using combined X-ray diffraction and ellipsometry measurements (Figure 1b). [START_REF] Delphine | Self-organized arrays of dislocations in thin smectic liquid crystal films[END_REF] It is associated with the presence of two rotating grain boundaries per hemicylinder (in red in Figure 1b). Along each rotating grain boundary, three edge dislocations are expected (in blue in Figure 1b), in relation with a different number of curved and flat smectic layers from each part of the rotating grain boundary. For one given hemicylinder, this leads to six edge dislo-cations, all being parallel to each other (i.e., oriented along the OX direction, perpendicular to the substrate rubbing, parallel to the hemicylinder axis and thus parallel to the stripes visible by POM -Figure 1) and separated from each other by a distance of approximately 50 nm. It has been shown that the rotating grain boundary profile does not depend on the thickness of the smectic film. [START_REF] Delphine | Self-organized arrays of dislocations in thin smectic liquid crystal films[END_REF] This consequently leads to a constant number of 6 1D-linear topological defects per hemicylinder. A sublayer made of smectic layers perpendicular to the substrate has been also revealed, allowing to preserve the planar unidirectional anchoring on the PVA surface. A central defect is thus induced (green line in Figure 1b), directly on top of the sublayer. It possibly corresponds to a locally melted 2D area, thus forming a 2D ribbon-like topological defect per hemicylinder, of width around 400nm. [START_REF] Delphine | Self-organized arrays of dislocations in thin smectic liquid crystal films[END_REF] Composite films (Oily streaks of 8CB containing gold nanoparticles) have been obtained (see section 'Materials and Methods'). Different diameters of nanoparticles were investigated : D = 5, 6, 7, and 8.3 nm, with a specific focus on the diameter D = 6 nm (Figure SI2).

The latter NPs are covered by dodecanethiol ligands. We tuned the average concentration of NPs, c avg , in the 8CB films between 700 and 2500 NPs µm -2 . These surface coverages were determined from Rutherford Back Scattering (RBS) measurements (see section 'Materials and Methods'). For c avg between 700 and 1300 NPs µm -2 , we have identified by POM two distinct structures: either the normal oily streaks, corresponding to well-dispersed NPs (Figure 2a); or locally more densely concentrated domains of NPs forming superstructures superimposed onto the normal oily streak pictures (Figure 2b). For both structures, the oily streak texture observed by POM between crossed polarizers appears only slightly modified with respect to pure 8CB (Figure SI3). The two different kinds of NP localization appeared to be difficult to control in relation with the solvent evaporation process. However, for average concentrations above c avg = 1300 NPs µm -2 , only the second kind of texture was observed (Figure SI3).

Firstly focusing on the well-dispersed NPs (Figure 2a), Figure 2c displaying the LSP resonance of the gold NPs with a diameter D = 6 nm embedded in the 8CB oily streaks. For a polarization of the incident light perpendicular to the oily streaks (black spectrum), the extinction wavelength is slightly smaller than the one of NPs dispersed in toluene (Figure SI2, λ o = 516 nm), with λ ⊥ = 500 nm. This confirms previous findings showing that the optical index for LSP resonance is dominated by the dodecanethiol ligands grafted around the NPs. [START_REF] Mulvaney | Surface Plasmon Spectroscopy of Nanosized Metal Particles[END_REF][START_REF] Delphine | Tailoring Anisotropic Interactions between Soft Nanospheres Using Dense Arrays of Smectic Liquid Crystal Edge Dislocations[END_REF] Otherwise a red-shift of the LSP resonance would have been observed. In contrast, a clear red-shift of the LSP resonance is observed for a parallel polarization, with λ = 550 nm. This phenomenon is not due to the 8CB birefringence (n o = 1.52, n e = 1.67) since the 8CB variation of optical index with polarization in relation with oily streak geometry would have induced a blue-shift of the LSP resonance. The observed red-shift indicates that a significant coupling between NPs occurs only in the direction parallel to the oily streak dislocations, in relation with the formation of chains all parallel from each other and parallel to the dislocations. [START_REF] Delphine | Tailoring Anisotropic Interactions between Soft Nanospheres Using Dense Arrays of Smectic Liquid Crystal Edge Dislocations[END_REF][START_REF] Delphine | Linear Self-Assembly of Nanoparticles Within Liquid Crystal Defect Arrays[END_REF] All the extinction measurements for the welldispersed NPs with D = 6 nm are represented with blue stars in the graph of λ as a function of λ ⊥ (Figure 3). It appears that while λ ⊥ varies only little from one area to another, i.e.

the NPs remain individual in this direction, λ changes substantially, with a maximum for λ equal to 562 nm. This shows that only chains parallel to the LC linear defects are formed, the longer chains being associated with λ = 562nm. Secondly focusing on the zones with locally dense domains (Figure 2b), the optical properties of the NPs differ from the zones with well-dispersed NPs (Figures 2c and2d). On Figure 2d, λ is still largely red-shifted, but now λ ⊥ also appears red-shifted with respect to the LSP band wavelength of NPs in toluene (Figure SI2). This indicates that a coupling between NPs also occurs in the direction perpendicular to the smectic oily streaks. However λ ⊥ is still smaller than λ . Figure 3 displays in yellow and purple the corresponding values of (λ ⊥ , λ ) for each measured zone.

Each extinction graph associated with the yellow and purple spots has been fitted by a single gaussian curve to obtain λ ⊥ and λ mean values . It shows that λ ⊥ regularly increases but remains always smaller than λ , finally reaching a maximum corresponding to λ ⊥ ≈ λ ≈ 580 nm (purple spot), associated with the densest and/or largest NP organizations.

In order to gain more insight on the second part of the diagram drawn in Figure 3, we have analyzed the sample corresponding to the purple dots displayed in Figure 3 by grazing incidence small-Angle X-ray scattering (GISAXS) and transmission small-Angle X-ray scattering (TSAXS) performed at Soleil synchrotron facility (SIXS beamline). The sample corresponds to c avg = 2500 NPs µm -2 (RBS measurements), with POM pictures displaying the presence of dense NP domains, similar to Figure 2b (Figure SI3). Figure 4b shows the GISAXS pattern collected with the X-ray beam parallel to the 8CB stripes (see 'Materials and methods') while GISAXS data collected with the same NPs without 8CB (ie. just deposited on rubbed PVA) are presented in Figure 4a. We will denote by q the scattering vector, q z its component normal to the substrate, q its in-plane component parallel to the oily streaks and q ⊥ its in-plane component perpendicular to the oily streaks. In Figure 4a, three symmetric pairs of rods are visible with their respective q ⊥ positions being in the ratio 1, √ 3, 2. This result indicates that the spherical NPs exhibit a planar hexagonal organization, as usually observed when NPs are directly deposited from the solution on a substrate. This is thus in agreement with observations carried out by scanning electron microscopy (Figure SI4). The presence of well-defined rods indicates a good quality of the NPs in terms For the sake of simplicity, the intensity map is the sum of two simulations corresponding to q 10 parallel to q ⊥ and to q 11 parallel to q ⊥ . The DWBA calculations were done using the FitGISAXS software package [START_REF] Babonneau David | FitGISAXS: software package for modelling and analysis of GISAXS data using IGOR Pro[END_REF] .

of polydispersity (size and shape). The three pairs of rods correspond to the ((10), (10))

, (( 11), (11))and (( 20), (20)) rods of the reciprocal hexagonal mesh, with the q ⊥ position of the (10) rod being q (10) = 0.92 nm -1 . At large q z , the different characteristic features of the different rods can be unambiguously attributed to the form factor of a dense sphere,

F (q) = 4π sin(qR) -qR cos(qR) q 3
. The (10) rod profile exhibits two detectable maxima, (10) and (10) , in contrast with the (11) rod, whose first maximum appears at a larger q z value than for the (10) and (20) rods. This form factor effect is clearly evidenced in Figure 4c, which shows the GISAXS intensity calculated in the DWBA using the FitGISAXS package [START_REF] Babonneau David | FitGISAXS: software package for modelling and analysis of GISAXS data using IGOR Pro[END_REF] for a planar hexagonal network of spheres (D = 6 nm) supported on a PVA/glass substrate.

The main difference between the experimental and simulated patterns lies in the shape of the (10) rod at q z ≈ 0.7 nm -1 that suggests the presence of some multilayers coexisting with monolayers in the sample without LC.

In Figure 4b, a half-circle with radius q LC ≈ 2 nm -1 appears. It corresponds to the scattering of the 8CB smectic layers, stacked on top of each other and forming hemicylindrical structures (Figure 1) [START_REF] Delphine | Self-organized arrays of dislocations in thin smectic liquid crystal films[END_REF] . Although this half-circle almost prevents the observation of the (20) and (20) rods, the ((10), (10)) and (( 11), (11)) rods are discernable at the same q z position as without 8CB, their q ⊥ positions being in the ratio 1, √ 3, with q (10) = 0.99 nm -1 . At large q z around 1.7nm -1 , the (10) signal is also clearly visible, with the same intensity variation along q z with respect to the (10) than without 8CB (see Figure SI5). The presence of vertical rods and the similarity of their profile above the horizon with the one of Figure 4c demonstrate that in 8CB also the NPs are arranged in a planar 2D hexagonal network of spheres parallel to the substrate. The (10) rod on Figure 4b has a shape very close to the one of Figure 4c, without any bump at q z ≈ 0.7 nm -1 , in contrast with Figure 4a. The presence of this bump at q z ≈ 0.7 nm -1 was observed in only 3 areas over 10, meaning that in 8CB, monolayers are preferentially formed rather than multilayers. The (10) rod has been analyzed in addition through TSAXS measurements with the sample perpendicular to the X-ray beam ('Materials and methods'). The obtained scattered circle (Figure 5a) shows that the NP domains are made of hexagonal meshes of NPs presenting a large distribution of possible crystallographic orientations (2D powder). However a careful analysis of the scattered intensity along this circle reveals the presence of an intensity modulation with a 60 o period and maxima of scattered intensity at 0 o , 60 o , 120 o and 180 o (Figure 5b). This confirms the hexagonal structure of the NP networks in 8CB. A preferred orientation of the hexagonal meshes in 8CB can be deduced in contrast with the NP network without LC (Figure SI6). The dense direction of the NP network, the 10 direction, is preferably parallel to the oily streaks, in other words parallel to the chain direction observed at smaller concentration and parallel to the LC dislocations. In agreement with the comparison between Figure 4b and Figure 4a, this favorable orientation observed in LC leads to a smaller intensity of the (11) rods in GISAXS measurements in LC (Figure 4b) with respect to the case without LC (Figure 4a). The q ⊥ position of the (10) rod in 8CB q (10) = 0.99 nm -1 corresponds to an average gap between NPs equal to s = 4 × π × √ 3/q (10) -D = 1.34 ± 0.05 nm, after averaging over 12 areas of the sample. For the NP hexagonal network on rubbed PVA without LC (q (10) = 0.92 nm -1 ), a gap of s = 1.93 nm ± 0.05 nm can be extracted as averaged over 5 zones. This value is very close to the one previously obtained for similar NP hexagonal networks with NPs of diameter D = 6 nm, also covered by dodecanethiol [START_REF] Nicolas | Which Forces Control Supracrystal Nucleation in Organic Media?[END_REF][START_REF] Melanie | Mechanical Properties of Au Supracrystals Tuned by Flexible Ligand Interactions[END_REF] . This demonstrates a LC-induced shortening of the inter-NP gap in the hexagonal network of NPs in LC with respect to hexagonal networks without 8CB. This is consistent with the largest LSP resonance wavelength for the purple dots on Figure 3 with respect to the green dot associated with hexagonal networks without LC on PVA substrates.

Our analysis reveals that in oily streaks, for NPs well-dispersed in small enough amount, chains of NPs are formed with NPs of diameter 6 nm, but also with NPs of diameter 5 nm, 7 nm and 8.3 nm (see Figure SI7). While it had been demonstrated that non distorted smectic films could avoid any aggregation of similar gold NPs 28 , for distorted smectic films, the role of linear defect cores had been previously highlighted: Nanorods are aligned in oily streaks perpendicular to the LC director but parallel to the defect cores [START_REF] Laurent | Alignment of Rod-Shaped Single-Photon Emitters Driven by Line Defects in Liquid Crystals[END_REF]30 . This demonstrates show the presence of 2D hexagonal monolayers that could coexist with 1D linear NP chains.

This would explain the small remaining anisotropy of the optical absorption associated with yellow and purple spots. In order to further test this hypothesis, we have subtracted from the extinction shown in Figure 2d the extinction of long chains (λ ⊥ = 500 nm, λ = 562 nm) without normalization and with the use of a multiplying factor of 0.48. This factor takes into account the not full coverage of NPs on the surface already suggested by Figure 2b.

A quasi isotropic extinction is obtained at λ = 558 nm (Figure SI8). It is consistent with coexisting long chains and 2D monolayer patches with the assumption that the anisotropy of the surrounding 8CB matrix is of negligible influence [START_REF] Mulvaney | Surface Plasmon Spectroscopy of Nanosized Metal Particles[END_REF][START_REF] Delphine | Tailoring Anisotropic Interactions between Soft Nanospheres Using Dense Arrays of Smectic Liquid Crystal Edge Dislocations[END_REF][START_REF] Yong Parka | Splitting of surface plasmon frequencies of metal particles in a nematic liquid crystal[END_REF] . This fitting procedure can be performed for each blue or orange spot shown on Figure 3. The obtained values for the λ of the hexagonal monolayer patches are shown in Figure 3e. λ increases from 553 nm to 586 nm when the local concentration increases. This may correspond to decreasing inter-NP gaps or/and increasing sizes of the hexagonal networks when the local concentration increases.

The question to solve now concerns the origin of these 2D NP hexagonal networks, their shape and localization in the 8CB matrix.

It is known that the dodecanethiol ligands grafted on gold substrates mostly induce tilted or homeotropic anchoring of LCs [START_REF] Hao; Hegmann Torsten | Multiple Alignment Modes for Nematic Liquid Crystals Doped with Alkylthiol-Capped Gold Nanoparticles[END_REF][START_REF] Blanc | Ordering nano-and microparticles assemblies with liquid crystals[END_REF] . We thus expect that if the NPs would be directly deposited on top of the substrate, they would destroy the 8CB oily streaks, which is not observed. In contrast, in presence of the dense NP domains, we observed clear GISAXS rings associated with the smectic layer structure of the oily streaks (Figure 4b). Moreover POM pictures between cross polarizers show the oily streak stripes everywhere including on top of the domains (Figure SI3). These POM observations also demonstrate that the NP domains do not sit at the 8CB/air interface. Otherwise they would lead to a decrease of the POM contrast between crossed polarizer which is not observed. The fact that dense NP domains do not sit at the 8CB/air interface is confirmed by a careful analysis of the RBS signal of the Au atoms in the 8CB film. A signal of larger width for the samples with dense NP domains with respect to the ones where only NP chains are formed is observed (Figure SI9). This is linked with a large number of Au atoms deeply embedded in the LC film in presence of NP domains, that are not observed when only chains are formed in the LC film. The only interpretation for these experimental results is thus the following: The 2D NP networks are localized elsewhere than in and around the LC dislocations. They are more deeply embedded in the LC film and must be confined in the planar 2D ribbon-like defects of each oily streak hemicylinder (green line in Figure 1). The 2D ribbon-like shape of this central defect, parallel to the substrate, of width around 400 nm may induce a 2D confinement leading to the observed 
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Figure 1 :

 1 Figure 1: (a) Polarized optical microscopy image of oily streaks observed from the top of a 150 nm-thick sample. Each stripe along OX corresponds to one hemicylinder and two hemicylinders in perspective are represented (b) Detail in side-view (in the (Y, Z) plane) of the smectic layers stacked in one flattened hemicylinder with two rotating grain boundaries (RGB) in red, including dispersed edge dislocations (blue spots) and a central grain boundary in green 17 . The smectic layers are represented for a 8CB thin film with typical thickness of 230 nm.

Figure 2 :

 2 Figure 2: (a) POM picture with parallel polarizers for an area of well-dispersed NPs of diameter D = 6 nm. (b) POM picture with parallel polarizers for an area where the NPs (diameter D = 6 nm) form locally denser domains. (c) Normalized extinction spectrum measured in the center of Figure 2a with superimposed gaussian fits for the determination of the resonance wavelength (see Materials and Methods). In black is the extinction for light polarization perpendicular to the 8CB oily streak stripes, in red for the parallel polarization; (d) Normalized extinction spectrum measured in the center of Figure 2b.

Figure 3 :

 3 Figure 3: (a) Summary of the extinction measurements represented by the (λ ⊥ , λ ) values, obtained for NPs with diameter D = 6 nm. (b) In blue are shown the measurements for chains, corresponding to areas with well-dispersed NPs as seen by POM. (c) In red is presented the measurement for isolated nanoparticles in solution. (d) In yellow and purple are shown the measurements, corresponding only to areas where dense domains of NPs are identified by POM. Specifically the measurements performed on the sample with the highest NP concentration are shown in purple. In green is the result obtained for a monolayer of NPs without LC (λ ⊥ = λ = 558 nm). The dotted line is of slope 1, corresponding to isotropic optical properties (λ ⊥ = λ ). (e) the same data differently analyzed : the extinction of the "long chains" (blue spot of largest λ ) has been subtracted from the extinction of the yellow and purple spots to lead to isotropic extinction, of λ values again shown in yellow and purple.

Figure 4 :

 4 Figure 4: (a) GISAXS pattern of a sample with NPs deposited on a rubbed polymer substrate without LC, with the various rods of the hexagonal NP assembly being indicated. (b) GIXAXS pattern for a sample of average NP concentration of c avg =2500 NPs µm -2, collected with the X-ray beam parallel to the stripes, where the semi-circle corresponds to the hemicylindrical stacking of the smectic layers and the various scattering rods correspond to the signal of the hexagonal NP assembly. (c) Simulated GISAXS pattern for a planar hexagonal network of spheres (D = 6 nm) supported on a PVA/glass substrate. For the sake of simplicity, the intensity map is the sum of two simulations corresponding to q 10 parallel to q ⊥ and to q 11 parallel to q ⊥ . The DWBA calculations were done using the FitGISAXS software package[START_REF] Babonneau David | FitGISAXS: software package for modelling and analysis of GISAXS data using IGOR Pro[END_REF] .

Figure 5 :

 5 Figure 5: (a) TSAXS pattern of the same sample as in Figure 4b, observed in transmission with the X-ray beam perpendicular to the sample. The circle corresponds to the (10) rod visible in Figure 4b and demonstrates the possible orientations of the hexagonal crystals in the NP domains (b) Modulation of the intensity along the circle extracted after careful removal of the background. The angle α corresponds to the various positions along the circle shown in (a), the 0 and 180 o values corresponding to the horizontal, defined as parallel to the 8CB dislocations.

Figure 1 )Figure 5 .

 15 Figure1), which is parallel to the oily streaks. The 2D ribbon-like topological defect however only partially orients the trapped hexagonal network as shown by the structured circle of Figure5. When the NP concentration increases some monolayer patches could grow far from the central defect border and would become disoriented. This suggests an increase of disorder when the concentration increases, indeed observed in the hexagonal networks of small NPs of diameter 4 nm (FigureSI11). It would be now interesting to establish the critical concentration able to induce a large majority of well-oriented 2D NP networks. The enlargement of this feature to oriented 2D networks of nanorods could lead to formation of highly anisotropic 2D networks of nanorods. With gold nanorods, highly anisotropic LSP resonance would be expected, firstly due to nanorods all parallel from each other[START_REF] Liu Qingkun | Electrically and Optically Tunable Plasmonic Guest Host Liquid Crystals with Long-Range Ordered Nanoparticles[END_REF] , secondly due to highly anisotropic electromagnetic coupling between nanorods.In conclusion, we have shown how two different kinds of confinement induced by different topological defects lead to two different kinds of gold nano-sphere organizations. In the smectic oily streaks made of oriented arrays of 1D dislocations and 2D ribbon-like grain boundaries, we show that the dislocations induce formation of oriented NP chains, whereas the ribbon-like grain boundaries induce formation of planar 2D hexagonal networks of NPs.The efficiency of the 1D dislocations for the trapping of NPs is the highest. They can be filled at 85% by NPs without any significant aggregation outside the defect cores, allowing for the formation of a large number of long NP chains, all oriented parallel from each other, along a single direction defined by the rubbed polymer substrate. The 2D confinement also allows for the transmission of the anisotropy of the overall structure through a favorable orientation of the hexagonal network, the 10 direction being more favorably oriented parallel to the defect orientation, possibly due to the orienting influence of the border of the ribbon-like grain boundaries. Owing to the excellent large-scale order of these defect cores, not only the
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