
The idea of a phase recording of light which initiates
photoprocesses in a system with T-T energy transfer is quite
transparent. If the photocoversion of A is accompanied by a
sharp change in the polarizability of the molecules, the dis-
persion outside the absorption bands of A will give rise to a
change in the refractive index (d/i). The repeated function-
ing of a given D molecule leads to a significant value of dn at
a low absorption of the system in the working spectral re-
gion.

Actually, even the excitation of A into Tf is accompa-
nied by a dispersive photorefraction effect, since the absorp-
tion TA«— Tf occurs in a spectral region different from that
of S**-SA. We would thus expect that it would be possible to
realize phase photosensitive objects based on donor-accep-
tor systems in vapors, liquids, and doped molecular crystals,
where dn is induced for the lifetime of triplet excited states.

The use of the photooxidation of polyacene com-
pounds3 as the process responsible for the photorefraction
led to the development of a new class of phase recording
media, the reoxans.4

A reoxan consists of an anthracene compound (An)
and a spectral sensitizer ( S ) , both are dissolved in a polymer
binder ( Fig. 2 ) . The material is sensitized by prolonged ex-
posure to oxygen at an elevated pressure.

Exposure to light may cause the following processes:
A transfer of energy as the sensitizer in the T state, 3S*,
and O2 ( 3 2 ) , approach each other by diffusion, with the
O2 becoming chemically active:

1A). (1)

Oxidation of An by oxygen:

An4-O2('A)-+AnO2, (2)

accompanied by a change in the molecular refraction,
which has the magnitude (1.0-0.3)-10~22 cm3 in the
spectral interval 0.44-1. 5 ̂ m.
Spontaneous decay of O2 ( ' A ) :

As a result of process 2, a region with a local change in
refractive index forms around S (Fig. 2). The size of this
region is determined by the mean square displacement of
O2( ' A) over the lifetime r,a -.

With D~ 10~8 cmVs and r,4 ~ 10~4 s, the value of R^ in a
polymer would be 10~6 cm. A high spatial resolution of the
layer is thus achieved.

The image is fixed as a result of the natural diffusion of
oxygen out of the polymer matrix.

Methods have been developed for producing reoxan
films with a thickness / = 1 0-3000 /zm, with values of dn up
to 2-10~2, and with a spectral-sensitivity region of 0.44-0.76
^m. The exposure at which the optical shift dn-l is equal to
the wavelength of the light involved, A, is 0.5-1.5 J/cm~2.

Various modifications of reoxan have been proposed:
with physical development of the latent image5 and with
photobleaching4 and with luminescent sensitizers.6

The phase-photosensitive systems which have been de-
veloped on the basis of this principle will find widespread use
in research on holography, adaptive optics, gradient optics,
and integrated optics.
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FIG. 2. Model of sensitized photooxidation of a solid matrix.
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V. I. Sukhanov. Phase holograms in recording media
with dispersive refraction. Progress in research on three-di-
mensional holography requires the development of new
three-dimensional recording media for producing highly ef-
ficient phase holograms for long-term use. Definite progress
has been made in this direction by a new approach to the
development of recording media, which is based on the
"principle of sensitized dispersive refraction." ' According

to this approach, phase holograms can be produced by sim-
ply arranging processes which would result, after a develop-
ment process, in sharp spectral differences between exposed
and unexposed parts of the material, thereby minimizing the
absorption of the light used to reconstruct the hologram.

The principle underlies the development of a new poly-
mer recording material, reoxan.' In reoxan, sharp changes
in the absorption spectra and accompanying changes in the
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FIG. 1. Spectral reflection coefficient of a narrow-band holographic selec-
tor using reoxan (A0 = 530 nm).

refractive index of a medium are caused by a sensitized pho-
tooxidation of anthracene compounds. Studies have shown
that this material is suitable for recording holograms in both
copropagating and counter propagating beams.2'3 Since the
photoinduced change in the refractive index of reoxan which
is attainable is proportional to the oxygen concentration in
the polymer matrix, it is possible to record holograms and to
read them out nondestructively. It is also possible to produce
holograms with an apodizing angular (or spectral) selectiv-
ity lineshape.

The useful new properties of reoxan have been used in
the development of narrow-band holographic spectral selec-
tors4 with a band half-width ~ 0.1 nm, a high reflection coef-
ficient at the band peak, and a low spectral background
(Fig. 1).

The development of reoxan has finally made it possible
to take up experiments on the formation of deep three-di-
mensional holograms of complex wavefronts. This research
has revealed a unidirectional exchange of energy during the
recording of holograms of a diffuse object in a photorefrac-
tive medium with a local response. This energy exchange is a
consequence of an intermodulation structure of the holo-
gram6 and leads to an intensification of the diffuse wave.5

This effect may be exploited to intensity images in coherent
image-processing systems. Furthermore, experiments on
multiply exposed holograms and on holograms with a coded
reference beam have shown that reoxan can be used to devel-

op devices for storing information and holographic memo-
ries with a recording density one or two orders of magnitude
higher than that in similar devices with a two-dimensional
information carrier.7

The advantages of the principle of dispersive refraction
have been demonstrated not only in the example of reoxan
but also in experiments on the development of phase holo-
grams using silver halide film by the method of the replace-
ment of silver by a dye8 and also in the results of studies
carried out to develop new diazopolymers for holography.9

In both photographic film and diazopolymers the spatial dis-
tribution of the light intensity in the interference pattern is
recorded in the volume of the medium in the form of a corre-
sponding spatial distribution of the azo dye, whose absorp-
tion spectrum lies outside the hologram reconstruction re-
gion. By virtue of the dispersion relations, gradients in the
dye concentration give rise to a phase modulation in the
working spectral region, i.e., to the recording of a purely
phase hologram. It has been shown experimentally that dia-
zopolymers can be developed into volume phase holograms
with a physical thickness (~20 mm) essentially unattaina-
ble with polymer media of other types.
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K. K. Rebane. Space-time holography ofultrafast events
through spectral hole burning. The photoburning of stable
holes in the spectra of impurities in solid matrices has proved
an effective tool for high-resolution spectroscopy. Research
is being carried out on atoms, ions, and small and large mole-
cules (including chlorophyll and its analogs) in single-crys-
tal, polycrystalline, glass, and polymer matrices and also on
the structure of these matrices and the processes which oc-
cur in them at ultralow temperatures, including the proper-
ties of two-level systems and possible manifestations of a
fractal structure of glasses and polymer films (see the origi-
nal papers,1'2 the reviews,3"6 etc.7'8). Spectral hole burning,
however, has applications beyond spectroscopy. It is also a
highly selective tool for acting on the spectral characteristics
of a substance: on the absorption spectrum and on the spec-

trum of the refractive index, which is related to the absorp-
tion. In addition to the new possibilities for studying sub-
stances, there is a new opportunity to develop some devices
of practical importance—extremely narrow-band optical
filters and spectral memories for computers8-9—and to de-
velop a holography ofultrafast space-time events in the pico-
and nanosecond ranges.7'10-12 This new field of holography is
based on the possibility of making use of spectral hole burn-
ing to fabricate stable spectral gratings in a substance and
also on the phenomenon of a photochemically accumulated
stimulated photon echo.12-13 The optical fields required here
are not intense; the contrast of the spatial-spectral gratings
in a substance depends on the illumination dose, rather than
on the light intensity. The recording persists for a time deter-
mined by the lifetime of the products of the burning or the
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