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Although the forced Rayleigh scattering (FRS) has recently
emerged as a powerful tool for the study of mass diffusion
in various media,'"? there still remain some aspects of the
technique which seem to deserve further attention. The tech-
nique utilizes the diffraction from a transient concentration
fringe pattern created by a photo-reaction of appropriate
photoprobe. In order for the concentration fringe to diffract
the light, the product of the photo-reaction (shifted state)
should possess a different optical properties from the un-
shifted state either in absorptivity (amplitude grating) or in
refractive index (phase grating).~ " If the transient sinu-
soidal concentration fringe decays by the Fickian diffusion
process, the diffracted optical filed decays exponentially fol-
lowing the functional form, E;=A exp{—#%).

However, deviations from the single exponential type de-
cay of diffracted signal have often been observed and the
deviation is ascribed to the difference in the decay time con-
stants of a pair of complementary gratings which consist of
excess optically shifted and unshifted state of the photo-
probe 3891213 Under this circumstance, the time-varying dif-
fracted intensity has been analyzed by the following model
function.

Ly =[A,exp( —#/1,) —As exp(— /7)1 +B '6))
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where t, and t; are the respective decay time constants of
two complementary gratings, B is the baseline, and 4, and
A; represent the amplitude of opticat fields diffracted from
each complementary grating. The negative sign arises from
the fact that two gratings are 180° out of phase, but it is
only valid for either pure phase (contrast in refractive index)
or amplitude (contrast in absorptivity) grating.'"'? Otherwise,
it is necessary to include one more parameter, i.¢., the phase
difference between two diffracted optical fields from each
grating in order to describe the FRS decay profile.3*!"*? The
amplitude and phase grating contribution to the diffraction
was well demonstrated previously in the other type of tran-
sient optical grating experiment,” however, the mixed grat-
ing effect exhibits itself in a somewhat different fashion in
FRS.

For an unslanted grating, the coupled-wave theory gives
the diffracted optical field, E4 from a weak diffraction grat-

ing 2100
E;« [—i(An)+ (Ak)] 2

where An and A% are the gratings peak-null differences in
real and imaginary part of complex refractive index, respec-
tively. Eq. (2) shows that a pure amplitude grating (An=0)
introduces no phase shift while light diffracted from a pure
phase grating (A£=0} is shifted by —n/2. For an arbitrary
grating in the weak grating limit, the phase shift is given
by

o=sin"![ — An/[ (An)*+ (Ak)?]"%) 3)

This phase information is lost in the detection of diffracted
light from a single grating by a square-law detector such
as a photomultiplier. However, the phase shift leads to a
distinct departure from a simple exponential decay when
the complementary grating effect is visible. For a mixed am-
plitude and phase grating, Eq. (1) should be wrilten as

L()=|EA)?
=[A, exp( —t/t) + Az exp( —#/t:) exp(i Ag)1X
[A; exp{—t/x)) +Az exp( —t/t) exp(—i Ap)]1+B (4)

where Ag is the phase difference between the diffracted op-
tical fields from two complementary gratings, i.e. Ap=n+{g,
—@p). The analysis according to Eq. (4) is not trivial and
thus it seems advantageous to choose a photoprobe exhib-
iting either a pure amplitude or phase grating behavior at
the reading beam wavelength. In this case, Ap=n, which
reduces Eq. (4) to Eq. (1).

So far the phase effect due to the mixed grating has not
been considered for the analysis of FRS decay profiles. This
is likely due to one of the following reasons; (1) the both
shifted and unshifted state of the photoprobes do not show
a significant absorption at the wavelength of reading beam
so that most of the experiments have been carried out at
near pure phase grating limit, eg., use of He/Ne laser read-
ing beam for most of azobenzene derivatives which absorb
negligibly at 632.8 nm wavelength; (2} the decay time con-
stants of complementary gratings (e, diffusivities of the
shifted and the unshifted states) are the same; (3) the shape
of decay profiles is such that it is hard to recognize the
existent phase effect. If the effect (3) is operational, analysis
of the signal by Eq. (2) could lead to an erroneocus result.

As can be seen from the simulation results in Figure 1,
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Figure 1. Simulated FRS decay profiles showing how mixed
amplitude and phase grating contribution affects the shape of
decay profiles for decay-growth-decay type profile (upper plot)
and after pulse growth type (lower plot). respectively. They are
simulated according to Eq. (4) and relative amplitude of the com-
plementary grating pair is fixed as Ay/4:=9.4/84 for easy com-
parison with ref. 13. The upper plot is for the case of (ti—v)
/t=—0.4 and the lower one is for {v;~t;}/t=04 where t=(r;— 1)
/2. Each line corresponds to different Ag ; Ag=180° (-—), 175°
(=eemem), 170° (——— ), 165° (------), and 160° (+---+),

the effect is only distinct for a decay-growth-decay type FRS
signal (the upper plot, the cases of A,>4;, i<t or A,<A;,
T.>1)"*" where the phase effect is easily discernible from
its intensity at the dip position having non-zero values. On
the other hand, for the case of after pulse growth type sing-
nal (the lower plot, the cases of A>A, t©:>1: or A;<4,,
11<w), the phase effect is not clearly visible. Therefore one
should be extremely careful in the analysis of the signal
if the probe in either its shifted or unshifted state absorbs
the reading beam. Even for the decay-growth-decay type sig-
nal, for instance in the report by Rhee e¢f a4l such phase
effect was seemingly not taken intc proper account in the
analysis.

We close this report by emphasizing the importance of
the knowledge on the photochemical properties of chosen
probes in order for the correct interpretation of FRS data.
It seems to be advantageous for simpler interpretation to
choose the experimental condition as either a pure phase
or amplitude grating limit. If possible, however, carrying out
an experiment at various wavelengths will not only be help-
ful in deducing correct diffusion coefficients, but also enable
us to gain access to other attendant photochemical properties
of the system.
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Ultrafine silicon carbide powders have been recognized
as the material for the high temperature engineering cera-
mics because of its excellent thermal shock resistance, high-
temperature strength and oxidation resistance.! These pow-
ders are usually prepared by gas phase pyrolysis method
of silicon compounds since this method provides many ad-
vantages such as high purity, loose aggregation, small particle
size, spherical particle shape, and a narrow particle size dis-
tribution, suitable for the structural ceramics with the per-
fection in microstructure.?

Silicon carbide powders have been synthesized by several
gas phase processes including plasmas® laser radiation®®
and conventional gas phase reactions in heated furnace
tube.2”"® Though conventional gas phase reaction in the fur-
nace requires high energy, it is regarded as a simple and
convenient method for powder synthesis and has advantages
of large production rate and capability of using various re-
actants,

Until now, most of the reactants employed in gas phase



