Please do not adjust margins absorbent colloids (np = 2, kp = 0) in a glass or polymeric matrix (nm = 1.4, km = 0) versus the particles size; f) Mie calculations of the transmission of doped-ZnO particles (with ab initio refractive indexes) dispersed in a glass or polymer (nm = 1.4, km = 0) versus light wavelength for various particles diameters of 100, 25 and 10 nm.

infrared/visible transmission through windows. These films of doped-zinc oxide, for instance, aluminum-doped (AZO), gallium-doped (GZO), fluorine-doped zinc oxide (FZO) or tindoped indium oxide (ITO) are fabricated from physical deposition processes achieving dense and non-diffusive films with thickness about 10-100 nm. In such thin films, the target is to get a transparent film for visible range and an opaque film in infrared range by relying mainly on the reflective properties of the films. It means that the films being easily prepared dense and so non-diffusive, the optical properties of the display may only be optimized through the control of the balance of the three optical phenomenon components: transmission, absorption and reflection trying to be thinner as possible to limit the absorption, especially in the visible range, without degradation of the conductivity to produce an intense reflection of the IR rays. This kind of films is being extensively studied and their reflectance-absorption-transmission curves on the 200-2500 nm wavelength range are abundantly reported. 7 In order to check the soundness of the n o and k o values previously proposed , we performed an ab initio calculation of the properties of such thin films (with thickness equal to 10 or 100 nm) for which the scattering is null (as considered perfectly dense) and considering that the reflection at the substrate-air interface and at the film-substrate interface is negligible in comparison with the reflection at the film-air interface. With these first approximations, the total transmission (T) versus the light wavelength of the display can be roughly deduced from the consideration that R + A + T = 1 and the two following equations describing the reflectivity (R) at the air-film interface (eq. 4) and the absorption (A) through the thickness (l) of the semi-conducting film (eq. 5) :

R = [(n o -1) 2 + k o 2 ] / [(n o + 1 ) 2 + k o 2 ]
eq. 4

A = (1 -R) × [1 -exp(-4 π k o l / λ)]
eq. 5

The A, R, T curves obtained (Fig. 1c) are consistent to the experimental results reported in the literature, 8 showing that the proposed values of n o and k o refractive indexes are realistic. However, reports of the same three experimental or theoretically-calculated curves for a composite medium in which nanoparticles are embedded in a transparent matrix are missing. In order to validate the ability of this 2 nd kind of devices to transmit the visible rays while absorbing the infrared ones, the free soft Mie calculator was used on predefined composite systems. ‡ In such composite panes, there is no reflection at the matrix-air interface, or a very limited one considering the index of refraction of the matrix is quite low (n m about 1.5) and its absorbing coefficient is null (k m = 0). However, the scattering phenomenon occurring at every nanoparticle-matrix interface should limit drastically the transmission. Hence, in such a composite device, the limiting factor to the transmission is the scattering, and it should be circumvented by limiting the particle sizes and/or the difference between the refractive indexes of the nanoparticles and the matrix. The scattering intensity at the nanoparticlematrix interfaces is indeed well defined in the Rayleigh regime as:

I s = I 0 × (8 π 4 a 6 ) / (2 r 2 λ 4 ) × [(m 2 -1) / (m 2 + 1)] 2
× (1 + cos 2 θ) eq. 6

with m = n o / n m , a the nanoparticle size, r the distance of the measurement from the diffusive center, and θ the angle between the incident and scattering light beams. In a first step, in order to simulate the influence of the nanoparticle size on the scattering intensity in the visible range, a calculation of the scattering for λ = 400 nm considering non-absorbent colloids with n o = 2, k o = 0 in a liquid, glass or polymeric matrix with n m = 1.4 and k m = 0 for various particle sizes was performed (Fig. 1e). The calculation was made on a composite medium whose total thickness of ZnO to be crossed through is 500 nm.

From this calculation, it can be seen that the value of 25 nm appears to be the critical particle size to not be exceeded for preserving the visible-transparency. In a second step, Mie calculations of the transmission of doped-ZnO particles (using the ab initio refraction indexes) dispersed in a glass or polymer (nm = 1.4, km = 0) versus the light wavelength for particles with diameters of 100 nm, 25 nm and 10 nm were performed (Fig. 1f). As previously, the calculation was made considering the total thickness of ZnO was 500 nm. From this last figure, it can be deduced that the optical properties of composite with particle size of 25 nm should be optimal, since the IR transmission at 2000 nm would be near null whereas the transmission at 400 nm (in the UV-visible range frontier) would remain about 90%. Furthermore, the gain in visible transmission decreasing the grain size from 25 to 10 nm is negligible. Moreover the increasing of the particle size from 25 nm to 100 nm deteriorates dramatically the transmission, and even more so that wavelengths are short: the transmission at 400 nm falls in the value of about 40 % for 100 nm diameter particles.

Preparation of transparent ZnO:Ga nanoparticle dispersions

We recently reported that the polyol synthesis route developed by Fievet and coll. 9 known to give micron-scaled supracolloidal ZnO particles (SPC) made of aggregates of primary crystallites (Fig. 2a) was compatible for the aliovalent doping with Ga 3+ cation. 2 The size of the crystallites