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Introduction

Liquid-cell transmission electron microscopy (LCTEM) has opened up exciting opportunities in materials, live and Earth sciences in which nanoscale processes at liquid/solid interfaces are key determinants [START_REF] Ross | Opportunities and challenges in liquid cell electron microscopy[END_REF]. The dream of imaging nanostructure dynamics with atomic resolution in liquid has motivated the development of optimized liquid-cells with reduced liquid-layer thickness and windows with better electron transparency [START_REF] Ross | Liquid Cell Electron Microscopy[END_REF]. Therefore, graphene liquid cells have been exploited to acquire high-resolution TEM images of nanostructures in static liquid, but the lack control over the composition of the solution remains a strong limitation for many studies [START_REF] Textor | Strategies for Preparing Graphene Liquid Cells for Transmission Electron Microscopy[END_REF][START_REF] Yuk | High-Resolution EM of Colloidal Nanocrystal Growth Using Graphene Liquid Cells[END_REF]. With commercially-available liquid TEM holder, the formation of a large hydrogen bubble within the SiN liquid cell is a well-known trick to reduce the liquid thickness to a few tens of nanometers, giving access to atomic resolution [START_REF] Ahmad | Driving reversible redox reactions at solid-liquid interfaces with the electron beam of a transmission electron microscope[END_REF][START_REF] Zhu | Atomic resolution liquid-cell transmission electron microscopy investigations of the dynamics of nanoparticles in ultrathin liquids[END_REF]. These strategies have notably provided unseen atomicscale insights into the growth and etching mechanisms of nanostructures [START_REF] Ngo | Toward Ending the Guessing Game: Study of the Formation of Nanostructures Using In Situ Liquid Transmission Electron Microscopy[END_REF].

Nevertheless, the use of high resolution TEM in liquid presents two major drawbacks. At first, as liquids and amorphous materials broaden both the energy dispersion of electrons (reducing TEM resolution) and the electron probe size (reducing STEM resolution), image resolution is limited between 2 to 3 Å. (de Jonge, 2018a, b;[START_REF] De Jonge | Electron microscopy of specimens in liquid[END_REF]Although such a resolution allows observing the atomic structure of metals, oxides and semiconductors, it drastically limit the number of zone-axis orientations along which structural information can be obtained. More importantly, high resolution imaging requires very high dose rate leading to drastic changes in the local chemistry of the liquid sample [START_REF] Schneider | Electron -Water Interactions and Implications for Liquid Cell Electron Microscopy[END_REF][START_REF] Woehl | Defining the radiation chemistry during liquid cell electron microscopy to enable visualization of nanomaterial growth and degradation dynamics[END_REF]. Beaminduced effects are well-known issues in LCTEM that have generated intense theoretical and experimental works to understand the radiolytic processes occurring in the liquid-cell [START_REF] Ross | Liquid Cell Electron Microscopy[END_REF]. Furthermore, low-dose imaging strategies have been proposed and exploited to minimize the beam-induced phenomena that can influence in situ TEM experiments [START_REF] Buban | High-resolution low-dose scanning transmission electron microscopy[END_REF][START_REF] Evans | Low-dose aberration corrected cryo-electron microscopy of organic specimens[END_REF][START_REF] Helveg | Observing gas-catalyst dynamics at atomic resolution and single-atom sensitivity[END_REF][START_REF] Mehdi | Controlling the Reaction Process in Operando STEM by Pixel Sub-Sampling[END_REF][START_REF] Stevens | A sub-sampled approach to extremely low-dose STEM[END_REF][START_REF] Vendelbo | Visualization of oscillatory behaviour of Pt nanoparticles catalysing CO oxidation[END_REF]. However, the structural analysis of individual nanomaterials in low dose conditions remains challenging in liquid media.

STEM nanodiffraction was developed to obtain the image and the diffraction pattern of single nanostructures without switching between the image and diffraction modes (J.M., 1999). As described in figure 1, this technique consists in acquiring a STEM-HAADF survey image (fig. 1a) on which the beam can then be positioned on any pixel to acquire the diffraction pattern of single nano-objects on a CCD camera (fig. 1b-e). Firstly, the structural analysis of nanomaterials by STEM nanodiffraction requires using a nano-sized electron probe to acquire diffraction patterns of single nano-objects. Secondly, the convergence angle of the probe must be small to avoid the overlapping of diffraction spots in the diffraction patterns. Over the last two decades, many alignment methods have been proposed to meet this two prerequisites and nearly parallel STEM probe (convergence angle below 1 mrad) with a size around 1 nm can now be achieved [START_REF] Alloyeau | STEM nanodiffraction technique for structural analysis of CoPt nanoparticles[END_REF][START_REF] Ganesh | D-STEM: A Parallel Electron Diffraction Technique Applied to Nanomaterials[END_REF]. Thus, STEM nanodiffraction has been exploited on various nano-objects studied under vacuum, such as nanotubes [START_REF] Cowley | Applications of electron nanodiffraction[END_REF], ferritins [START_REF] Cowley | The Structure of Ferritin Cores Determined by Electron Nanodiffraction[END_REF], nanoparticles [START_REF] Ganesh | D-STEM: A Parallel Electron Diffraction Technique Applied to Nanomaterials[END_REF], nanoalloys [START_REF] Alloyeau | STEM nanodiffraction technique for structural analysis of CoPt nanoparticles[END_REF]… The key advantages of this technique is the fast and possibly automated acquisition process of nanodiffractions and the possibility for complete structural analysis of nanomaterials with a much better information limit than with direct imaging, because the level of structural detail in reciprocal space is only limited by the observable range of electron scattering. In practice, STEM nanodiffraction allows determining the individual structure of much more randomly-oriented nano-objects in an assembly. Such statistically-significant structural analyses were notably crucial to reveal size and shape effects on the structural properties of nanostructures [START_REF] Alloyeau | Size and shape effects on the order-disorder phase transition in CoPt nanoparticles[END_REF].

Here, we show for the first time that STEM nanodiffraction can be exploited in LCTEM and opens up new opportunities to characterize nanomaterial structure and dynamics in liquids. Most importantly, the use of high speed acquisition process allows conducting low-dose structural analysis of single nano-objects. By comparing our results with aberration-corrected HRTEM analyses, we reveal the advantages and drawbacks of these reciprocal-space investigations with respect to direct imaging.

Methods

Sample preparation

Liquid cell experiments were carried out on a JEOL ARM 200F microscope equipped with cold FEG and CEOS image corrector [START_REF] Alloyeau | Following Ostwald ripening in nanoalloys by high-resolution imaging with single-atom chemical sensitivity[END_REF][START_REF] Ricolleau | Performances of an 80-200 kV microscope employing a cold-FEG and an aberration-corrected objective lens[END_REF]. Accelerating voltage in all experiments was maintained at 200 kV. We used a Poseidon select liquid-cell holder designed by Protochips. Two types of citrate-coated gold nanoparticles purchased from Nanocomposix were used for this study: 20 nm spherical nanoparticles and nanorods (NRs) with average dimensions of 11 nm and 47 nm. This two types of nanoparticles were firstly deposited by drop casting on the window of the top E-chip. Then, a droplet of water was sandwiched between two silicon E-chips separated by 150 nm gold spacers. The sealed liquid-cell provide a 50 µm by 50 µm field of view in which the liquid is encapsulated between two electrontransparent SiN films. Water was continuously flowing through the liquid-cell during the experiment with a flow rate of 5 µL/min. A gas bubble was intentionally formed in the liquid-cell prior data acquisition in order to reduce the thickness of the liquid layer. Bubble formation was obtained by irradiating the liquid cell in TEM mode for one or two minutes with a dose rate above 3000 electrons.nm -2 .s -1 . As soon as the bubble is formed, a characteristic liquid cell configuration is observed with a very thin liquid film in the middle of the observation window and thicker liquid areas at each corners (fig. S1a-b in supporting information). The presence of water near the windows was confirmed by the diffusion of the nanoparticles under electron irradiation (fig. S1c in supporting information). Note that using the holder in flow mode slowly refills liquid cell with water and avoids the full drying of the observation area during STEM analysis. Gold nanoprisms were synthesized directly in the liquid-cell by injecting an aqueous solution of HAuCL4, (1 mM).

As previously reported, such faceted nanostructures grow by radiolysis in presence of gold precursor when low electron dose rate are used to drive the reduction process [START_REF] Ahmad | Exploring the Formation of Symmetric Gold Nanostars by Liquid-Cell Transmission Electron Microscopy[END_REF][START_REF] Alloyeau | Unravelling Kinetic and Thermodynamic Effects on the Growth of Gold Nanoplates by Liquid Transmission Electron Microscopy[END_REF].

STEM nanodiffraction acquisition

STEM images were acquired on a JEOL high angle annular dark field detector (STEM-HAADF), while nano-diffraction patterns were acquired with a high-speed CCD (Gatan, OneView) by selecting the position of the electron probe directly on the STEM-HAADF image (spot analysis of the DigiScan system). The convergence angle of the electron probe (α) can be easily determined by comparing the diameter of the diffraction spots (D) and the distance (Rhkl) between the spots (000) and (hkl). It is then given by: 𝛼𝛼 = 𝐷𝐷 * 𝜆𝜆 𝑅𝑅 ℎ𝑘𝑘𝑘𝑘 * 𝑑𝑑 ℎ𝑘𝑘𝑘𝑘 with λ the electron wavelength (2.51 pm at 200 kV) and dhkl the lattice spacing (hkl) planes. Here, the convergence angle was reduced to 7.4 mrad only by using the smallest condenser aperture available (diameter = 10µm). The convergence angle can be further reduced by modifying the alignment of the illumination system, more precisely by powering on the condenser mini lens that is switch off in conventional STEM mode [START_REF] Alloyeau | STEM nanodiffraction technique for structural analysis of CoPt nanoparticles[END_REF][START_REF] Ganesh | D-STEM: A Parallel Electron Diffraction Technique Applied to Nanomaterials[END_REF].

Nevertheless, modifying the alignment of the STEM probe was not necessary for the structural analysis of gold nanoparticles, because a convergence angle of 7.4 mrad is low enough to avoid diffraction-spot overlapping. Thus, this simple alignment process is a very good compromise to obtain clear STEM images and analyzable diffraction patterns on which the atomic structure and orientation of metal nanoparticles can be determined. Pixel dwell time for image acquisition was fixed to 5 µs and two camera lengths of 8 cm (with the HAADF detector inserted) and 12 cm (with the HAADF detector retracted) were used.

The beam current (ie) for each probe size was measured prior inserting the sample by acquiring the image of the probe on the CCD camera. ie varies from 5.5*10 6 to 1.2*10 8 electron/s when the probe size increases from 10c to 5c. Note that using the smallest condenser aperture provides also the advantage to reduce ie. HRTEM images were acquired in a separated experiment, using the same sample preparation method. The beam current was also measured prior inserting the sample for similar illumination conditions.

Results and discussions

Studying the structure of single metal nanoparticles without spatial-resolution limitation

We have conducted aberration-corrected HRTEM and diffraction STEM analyses of gold NRs in water by using LCTEM. Both experiments were performed after the formation of a gas bubble in the liquid-cell to reduce the liquid thickness (see methods). In these conditions, the atomic contrast of gold NRs can be observed on HRTEM images (Fig. 2a). Nevertheless, as illustrated in figure 2b, only the (111) and (002) lattice spacings of gold can be imaged. This restricted resolution drastically reduces the possibility of HRTEM for analyzing the atomic structure of randomly oriented gold nanoparticles, because it can only be visualized when the nanocrystals are oriented along the <001> and <101> directions.

On the contrary, STEM nanodiffraction allows analyzing the atomic structure of individual NRs without zone-axis orientation restriction. In fact, the better information limit of reciprocal space analyses is a decisive advantage because NRs are rarely in, or close to, low-index zone axis orientation in the liquid-cell. Indeed, only 7 % of the 75 studied NRs were found close to the <001> or <101> orientations (fig. 1b). The great majority of NRs were found out of zone axis (fig. 1c) or they were oriented along high-index directions, in which diffraction spots with subangstrom lattice spacing can be observed (fig. 1c &1d). Structural information are detected up to 0.05 nm on these diffraction patterns obtained with probe current of 1.2*10 8 electrons/s and an acquisition time of 79.8 ms. As HRTEM, STEM nanodiffraction allows correlating the size, shape and atomic structure of single nanocrystals, but over the same period of time, it allows analyzing substantially more nano-objects. This new possibility is an important step forward because the lack of statistical results is a major drawback of in situ TEM studies. It is worth noting that STEM nanodiffraction is here used to study monocrystalline nanoparticles, but it is obviously more challenging to study the full structure of nanostructures with crystal defects or immiscible elements. In that regards, HRTEM remains the best option to study the local atomic arrangements at the solid/solid or solid/liquid interfaces.

Low-dose structural investigations

Studying dynamic processes at the atomic scale while minimizing the electron dose is a major challenge in LCTEM. In that regards, we want to stress that STEM nanodiffraction provides the opportunity to probe the atomic structure of nanomaterials with an electron-dose level way below the one of HRTEM. As the position and the geometry of the electron beam are different in direct imaging (i.e. stationary and parallel beam) and in STEM nanodiffraction (i.e. scanning and then stationary focused beam) analyses, the dose in electrons.nm -2 or the dose rate in electrons.nm -2 .s - 1 are not the best parameters to compare the beam irradiation of these two techniques. Therefore, we have compared the number of electrons that irradiate a single NR during the acquisition of HRTEM (𝑁𝑁 𝐻𝐻𝐻𝐻 ) and STEM nanodiffraction (𝑁𝑁 𝑁𝑁𝑁𝑁 ) data.

In high resolution imaging, 𝑁𝑁 𝐻𝐻𝐻𝐻 is given by: 𝑁𝑁 𝐻𝐻𝐻𝐻 = 𝑑𝑑 ̇ * 𝑡𝑡 𝑖𝑖 * 𝑆𝑆 with 𝑑𝑑 ̇ the dose rate, ti the acquisition time of the image and S the nanoparticle surface (here considered equal to 517 nm 2 for all the NRs). Calculating 𝑁𝑁 𝑁𝑁𝑁𝑁 requires to sum the number of electrons necessary to acquire the survey image (Ns) and the diffraction pattern (Nd) that are given by:

𝑁𝑁 𝑠𝑠 = 𝑖𝑖 𝑒𝑒 * 𝑡𝑡 𝑝𝑝 * 𝑆𝑆 𝑆𝑆 𝑝𝑝 𝑁𝑁 𝑑𝑑 = 𝑖𝑖 𝑒𝑒 * 𝑡𝑡 𝑑𝑑
With ie the beam current (in electron.s -1 ), tp the pixel dwell-time, Sp the pixel surface and td the acquisition time of the diffraction pattern.

The high resolution image in figure 2a, was acquired with a dose rate of 2.95*10 5 electrons.nm - 2 .s -1 and an acquisition time of one second. Consequently, the NR has been irradiated by 1.5*10 8 electrons to obtain this image (𝑁𝑁 𝐻𝐻𝐻𝐻 ). This very high dose could possibly be reduced by using higher frame rate or lower beam current, but the noise level of images acquired in liquid would rapidly hinder the detection of crystal planes. Remarkably, diffraction signal remains detectable even if the frame rate of the CCD camera and the beam current of the STEM probe are set to their maximum and minimum values, respectively. Indeed, the figure 3d shows the diffraction pattern of single NR that is a few degrees away from the <001> zone axis orientation. This image was obtained with an acquisition time of 3.3 ms and beam current of 5.5*10 6 electrons.s -1 by using the smallest probe size available. Consequently, only 1.8*10 4 electrons was necessary to acquire this diffraction pattern (Nd). Given the low magnification (250k) and the short pixel dwell-time (5 µs), the same STEM probe was focused on the NR only for 730 µs during the acquisition of the survey image (fig. 3a). Therefore, this image adds a small contribution (Ns = 0.4 *10 4 electrons) to the total amount of electron seen by the NR during the acquisition of the STEM nanodiffraction data (𝑁𝑁 𝑁𝑁𝑁𝑁 ) that reaches 2.2*10 4 electrons. Thus, the number of electrons necessary to determine the atomic structure of metal nanoparticles immersed in liquid is more than 6800 times smaller in STEM nanodiffraction than in HRTEM. Interestingly, the information limit on these low-dose nanodiffractions remains below 0.1 nm. Although strategies have been developed to reduce the electron dose of high-resolution (S)TEM imaging, [START_REF] Buban | High-resolution low-dose scanning transmission electron microscopy[END_REF][START_REF] Evans | Low-dose aberration corrected cryo-electron microscopy of organic specimens[END_REF][START_REF] Helveg | Observing gas-catalyst dynamics at atomic resolution and single-atom sensitivity[END_REF][START_REF] Mehdi | Controlling the Reaction Process in Operando STEM by Pixel Sub-Sampling[END_REF][START_REF] Stevens | A sub-sampled approach to extremely low-dose STEM[END_REF] this huge gap makes of STEM nanodiffraction a unique technique to extract structural information on single nanomaterials in beam-sensitive liquid environments. Note that here nanodiffractions are acquired in spots-analysis mode, but other synchronization between the beam position and the diffraction acquisition can be employed to further reduce the period of immobility of the electron-beam that may generate harmful radiolytic effects.

Studying nanoparticle rotation in liquid

Studying nanoparticles motion in liquid has been one of the many opportunities provided by liquid cell microscopy. Many studies have demonstrated that the electron beam drives a sub-diffusive motion of metal nanoparticles in the liquid-cell [START_REF] Lu | Nanoparticle Dynamics in a Nanodroplet[END_REF][START_REF] Piffoux | Monitoring the dynamics of cell-derived extracellular vesicles at the nanoscale by liquid-cell transmission electron microscopy[END_REF][START_REF] Verch | Exceptionally Slow Movement of Gold Nanoparticles at a Solid/Liquid Interface Investigated by Scanning Transmission Electron Microscopy[END_REF][START_REF] White | Charged Nanoparticle Dynamics in Water Induced by Scanning Transmission Electron Microscopy[END_REF][START_REF] Woehl | The Mechanisms for Nanoparticle Surface Diffusion and Chain Self-Assembly Determined from Real-Time Nanoscale Kinetics in Liquid[END_REF]. Under the beam, nanoparticles move via sporadic jumps on the windows separated by period of immobility due to their strong electrostatic interactions with the positively-charged SiN film. Confinement effects imposed the liquid-cell geometry also influence the motion behaviour of nano-objects which cannot be described as bulk mediated surface diffusion. [START_REF] Parent | Tackling the Challenges of Dynamic Experiments Using Liquid-Cell Transmission Electron Microscopy[END_REF][START_REF] Parent | Directly Observing Micelle Fusion and Growth in Solution by Liquid-Cell Transmission Electron Microscopy[END_REF] So far, nanoparticle motion has been investigated with nano-scale TEM or STEM imaging which gives access only to translation motion of nano-objects. To take a fresh look at the motion of gold nanoparticles in the liquid cell, we have exploited STEM nanodiffraction to investigate the beam-induced spinning of nanocrystals as a function of their shape. As illustrated in Figure 4, probing the motion of single nanoparticles in reciprocal space reveals that during their period of immobility, nanoparticles have a stationary position but they keep rotating under the electron beam. When low electron dose are used, the diffraction pattern of nanocrystals can be followed for several seconds before that they jump to a non-irradiated area. These observations show that the spinning motion of nanoparticles is governed by their shape and their local environment. Indeed, spherical nanoparticles tend to rotate very rapidly in a random fashion. This result is illustrated in figure 4a in which several crystallographic orientation are identified on the diffraction pattern of a spherical nanoparticle over 1.2 s of observation. This dynamic analysis of diffraction signals shows that spherical nanoparticles can rotate by several tens of degrees in a few tenth of second. For example, the jump from the <323> to the <100> orientations observed in figure 4a occurs in 0.4s and it implies a rotation of 50.14 or 64.46 degrees depending on the rotation direction. We have also analysed the rotation of gold nanoprisms, consisting in 2D nanostructures with large (111) triangular facets.

These nanostructures are most of the time observed along the <111> zone axis orientation and they continuously rotate around this <111> direction (fig. 4b). This spinning motion is consistent with the direct imaging of these planar nanostructures (fig. 5) showing that the triangular projected shape of nanoprisms is always clearly observed but presents different orientation from frame to frame. For their parts, NRs are less prone to rotation under the STEM probe. Most of the time they are observed along the same orientation for several seconds before jumping out of the irradiated area. The local environment of NRs could contribute to their higher stability. Unlike spherical or 2D nanoparticles, NRs frequently form aggregates with up to several tens of nanoobjects (fig. 1) most likely stabilized by their citrate ligands. Although nanocrystals are not in direct contact within these aggregates, the high cohesion of these nano-assemblies is evidenced by the diffusion behaviour of NRs that always have collective motions rather than individual trajectories (fig. S1c in supporting information). We can easily assume that the strong interactions between NRs in such aggregates prevent their individual rotation. Nevertheless, isolated NRs are also more stable than spherical or flat NPs. Sometime they randomly rotate by a few degree but they never radically change of orientation. For example, by comparing experimental and simulated diffraction patterns calculated with JEMS software, we measured that the NR in figure 4c rotates in an angular range of 7° around the <101> zone axis orientation during observation times (fig. S2 in supporting information). All these results illustrate the impact of nanoparticle dimensionality on their spinning motion. In a general manner 0D nanoparticles rotate more rapidly than anisotropic nanostructures. The 2D shape of nano-platelets dictates their spinning direction that tends to maximize their surface contact with the membrane, while the 1D shape of NRs provides them a high stability that is probably reinforced by inter-connections with other NRs.

Conclusion and perspectives

We have shown that STEM nanodiffraction can be exploited in LCTEM experiments to reveal the atomic structure of single gold nanoparticles in liquid. The fast acquisition process and the possibility to determine the structure of nanoparticles without zone-axis orientation restriction are two decisive advantages of STEM nanodiffraction as compared to HRTEM investigations.

Consequently, STEM nanodiffraction allows analyzing much more nanoparticles in the liquidcell in which colloids are always randomly oriented. More importantly, we have demonstrated that this structural analysis of single nano-objects can be performed in very low dose conditions. Indeed, the use of high-speed camera allows a significant decrease of the electron dose seen by the analyzed nanostructures during data acquisition. This latter is reduced by almost four orders of magnitude with respect to conventional HRTEM analysis. This high frame rate analysis of the nanocrystal reciprocal space was also exploited to reveal the effect of nanoparticle shape on their spinning motion.

Interestingly, STEM nanodiffraction in liquid media could greatly benefit from the many electron optic and electronic developments that have emerged over the last decades. Notably, precession methods could be applied to obtain quasi-kinematical diffraction patterns of nanostructures that would be less sensitive to the slight misorientation of the zone axis from the optical axis of the microscope [START_REF] Eggeman | Chapter 1 -Precession Electron Diffraction[END_REF][START_REF] Vincent | Double conical beam-rocking system for measurement of integrated electron diffraction intensities[END_REF]. More importantly, the use of very short camera length (8 cm) allows the acquisition of diffraction patterns without removing the HAADF detector (figure 4b-c). Therefore, this simple microscope alignment is then compatible with 4D STEM methods, [START_REF] Ophus | Recording and Using 4D-STEM Datasets in Materials Science[END_REF][START_REF] Panova | Orientation mapping of semicrystalline polymers using scanning electron nanobeam diffraction[END_REF] in which the pixelby pixel acquisition of the diffraction patterns is synchronized with the acquisition of the STEM-HAADF images. The rich structural maps contained in such 4D STEM datasets could help understanding the links between the atomic structure of complex (nano)materials and their dynamic in liquid media (growth, dissolution, segregation…). 
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 2 Fig. 2. (a) HRTEM image of a gold NR in water obtained with a dose rate of 2.95*10 5 electrons.nm -2 .s -1 and an exposure time of 1 second. Atomic contrasts are observed in the zoomed area in insert. (b) Fourier transform of the image revealing the <101> zone axis orientation of the NR.
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 3 Fig. 3. Low-dose STEM nanodiffraction analyses of gold NRs with a beam current ie = 5.5*10 6 electrons/s (probe size 10c). (a) STEM HAADF image of gold nanoparticles. (b-d) Diffraction patterns of single gold nanoparticles acquired with an acquisition time of 19.8 ms (b and c) and 3.3 ms (d). When the nanoparticles is close to a zone-axis orientation, this latter is indicated in the bottom-left corner of the image. The positions (P) of the beam used for the acquisition of diffraction patterns are indicated with arrows in (a).
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 4 Fig. 4. STEM nanodiffraction analysis of nanoparticle rotation in water with a beam current ie = 1.9*10 7 electrons/s (probe size 8c). After acquiring a STEM HAADF image (left) the beam was positioned on single gold nanoparticles indicated with arrows and the diffraction signal was continuously acquired with a frame rate of 10 frames per second. Images extracted from the video are shown on the right with the acquisition time indicated in the top right corners. When the nanoparticles is close to a zone-axis orientation, this latter is indicated in the bottom-left corner of the image. (a) Analysis of a spherical gold nanoparticles. Camera length = 12 cm; (b) Analysis of a 2D nanoprism; (c) Analysis of a NR. The shadow of the HAADF detector is observed around the diffraction patterns in (b) and (c) acquired with a camera length of 8 cm.
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 5 Fig. 5. Image series of gold nanoparticles (beam current ie = 1.9*10 7 electrons/s). The zoomed areas show the rotation of a nanoprism in water induced by beam.
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