




10.1117/2.1200801.1010 Page 2/3

crystalline structure and pore size whose chemical structure is
easily modified.14 In our studies, we use silicalite nanozeolites
with a MFI-type structure (see Figure 2) that have a refractive
index significantly lower than that of the photopolymer. The
properties of this nanocomposite were studied by real-time mon-
itoring of the holographic recording process.13 Shrinkage was
measured by evaluating the properties of slanted gratings.13

Figure 3 shows the real-time growth of the refractive index
modulation induced during the recording of a grating with a
spatial frequency of 1000lines/mm in a 40� m-thick photopoly-
mer layer doped with nanozeolites characterized by an average
diameter of 60nm. A 6wt.% concentration of the nanoparti-
cles doubled the refractive index modulation from 1.8x10� 3 to
3.5x10� 3. Nanocomposite shrinkage was reduced and found to
depend on the thickness of the layers. A shrinkage of 0.1 % was
observed in a 650� m-thick nanocomposite layer (see Figure 4).

We also performed energy dispersive X-ray spectroscopy
studies on our holographic gratings. Results show that a redis-
tribution of zeolite nanoparticles takes place during the record-
ing process. The occurrence of redistribution effects suggests
that these materials could be used for the design of novel holo-
graphic sensors since the local concentration of nanoparticle
dopant could be controlled on a sub-micron scale.

Zeolites can adsorb different chemicals to change their refrac-
tive index. Such a grating could change its diffraction efficiency
when the zeolite nanoparticles adsorb a specific chemical as il-
lustrated in Figure 5.

Figure 3. Dynamics of recording in 40� m-thick layers at a spatial
frequency of 1000lines/mm with a recording intensity of 5mW/cm2.
The concentrations of the Si-MFI nanoparticles are as follows: 0wt.%
(dash-dotted black), 1.5wt.% (solid light grey), 5wt.% (solid dark
grey), 4.5wt.% (solid grey), and 6wt.% (solid black).

Figure 4. Angular selectivity curves for a photopolymer containing
4.5wt.% of Si-MFI in the dry layer (black trace) and for a non-doped
sample (grey). Sample thickness is � 650� m.

Figure 5. Operational principle of a holographic sensor recorded in a
zeolite nanocomposite.

Increased dynamic range and suppressed shrinkage, com-
bined with a relatively low (< 6% in 40� m-thick layers) level of
scattering, make zeolite nanocomposites promising candidates
for the development of holographic memories. Nanozeolite re-
distribution can also be utilized in holographic sensor design.
To determine the exact mechanism responsible for the improved
nanocomposite properties, we are planning to study the inter-
action between the photopolymer host and the zeolite nano-
dopants using Raman spectroscopy. Transmission and scanning
electron microscopy are also being used to study nanoparticle re-
distribution in the material volume and nanocomposite surface.
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