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Introduction

Indirect optical methods like dynamic light scattering (DLS) measurement exhibit real benefits: limited sample preparation, ease of use, short experimental time, strong statistical relevance of the results, etc.

However, standard DLS analysis assumes that particles are spherical and thus can only provide information on an average hydrodynamic diameter i.e. the effective diameter of a sphere having the same translational coefficient than the NPs. In the case of anisotropic nanoparticles, one can use a refined version of DLS named depolarized dynamic light Scattering (DDLS), which allows size and aspect ratio characterization of very small particles (down to few nanometers). [2] In this communication, we demonstrate the measurement capabilities of a new and patented commercial DDLS system developed by Cordouan Technologies (named Thetis™), by presenting experimental results on small gold nanorods. The DDLS results are compared with TEM ones to qualify the relevance and accuracy of the measurements by this non-invasive method.

Principle

The standard DLS system allows to determine the diameter of NPs by measuring their diffusion behavior (Brownian motion) by monitoring -at a given angle of observation  -the fluctuations of the light scattered by the NP suspensions. More precisely, the autocorrelation function (ACF) calculated from the light intensity fluctuations by baseline subtraction and square root gives access to a translational diffusion coefficient (Dt), which is related to the hydrodynamic radius of the particle by the well-known Stokes-Einstein equation. In the case of anisotropic particles, their dynamics in the liquid are strongly influenced by their size and shape and include both translational and rotational random motions, which are described by a translational diffusion coefficient (Dt) and a rotational diffusion coefficient (Dr), respectively.)

Using the properties of linearly polarized light it becomes possible to measure Dt and Dr and then in a second step, to deduce, the size and aspect ratio of the anisotropic particles by rather complex numerical inversion of theoretical formulas. [3] At first, on the Thetis apparatus described here, a Vertically polarized incident laser beam is focused onto the sample to be analyzed. The scattered light is then collected at different scattering angles (θ) using a compact motorized goniometer. Use of high quality bi-prism polarization splitter enables splitting the scattered beam towards two distinct detection channels set with crossed polarizers allowing the vertical polarized (V-V) and horizontal depolarized (V-H) scattered light beams to be measured separately and possibly simultaneously. In the case of anisotropic particles, the V-V eq.1 eq.2 and V-H detection channels lead to two different ACF, GVV and GVH, calculated from the respective scattered intensity fluctuations of IVV(t) and IVH(t).

Looking at the equations, [5] one can notice that both ACFs contain the same "mixed relaxation mode" combining the translational decay rate Γt and the rotational decay rate Γr.

eq.3 eq.4 = eq.5

=

eq.6

Thus, one method to determine Dt and Dr from DDLS measurements consists in plotting the two relaxation decay rates (the mixed mode and the pure translational mode) as a function of the square of the wave vector q 2 and to determine the slope of the linear fit, which theoretically should be the same for both curves. The wave vector q is defined by: eq. 7 With n the liquid phase refractive index, λ the laser wavelength, and θ the detection/scattering angle.

Figure 1

Experimental results

To evaluate Thetis instrument performances, three model suspensions of gold nanorods (NR) were used: Au-NR1 and Au-NR2 synthesized using protocol reported in literature, [4][5][6] and Au-NR3 commercial sample from NanoComposix (Product n° GRCN980batch n°ASP0002). A first estimate of the size and aspect ratio of these NPs was achieved by the analysis of transmission electron microscopy (TEM) images.

Then the samples were analyzed by DDLS for comparison purpose. In each case, the measurements were performed by varying the scattering angle θ from 30° to 150°, acquiring both V-V and V-H data for each detector position.

Figure 2 shows the normalized ACFs measured on sample Au-NR1 at seven different scattering angles for V-V ACFs (Fig. 2a) and V-H ACFs (Fig. 2b) respectively.

Figure 2a

Figure 2b Using the SBL (Sparse Baysian Learning) multimodal algorithm designed by Cordouan, the ProTheta ® software extracts the different decay rate values from each ACFs and plots them as a function of q 2 . Finally, using the model of De La Torre et al. for cylindrical shapes, [5] the hydrodynamic dimensions of Au-NR1/2/3 were calculated by inversion of the measured diffusion coefficients:

Au-NR1 Au-NR2 Au-NR3 The table above clearly shows that the particle size measurements obtained with the DDLS Thetis setup are consistent with those from the TEM analysis, especially for Au-NR2 nanorods for which both the length and the aspect ratio were accurately determined within the accuracy of the measurement.

Conclusion

These results highlight the relevance and robustness of the multi-angle DDLS method for characterizing the size and aspect ratio of anisotropic nanoparticles in suspension. The setup can also be used to discriminate in a simple way and without ambiguity anisotropic nanoparticles from a polymodal sample of isotropic particles.
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