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The metastable state of fJEe(CN)NO]-2H,0 crystals produced by irradiation with green or blue laser light

was investigated using X-ray diffraction and spectroscopic methods. A thin crystalline plate in the metastable
state placed between a pair of polarizers behaves like an optical filter. It works as the band-pass or band-
reject filter, depending on the cross or parallel alignment of polarizers. A remarkable point of this effect is
that the band center corresponds with the wavelength of the laser applied for producing the metastable state.
This phenomenon is explained based on spatially modulated refractive indices produced by the photorefractive
effect of laser irradiation. Numerical calculations using Berremar'4 hatrix method show that the spatially
modulated population of the metastable anion exists even in the photostationary state. Similarity with the
Sdc birefringent filter is also discussed.

I. Introduction

A metastable state of a sodium nitroprusside crystal
(Nag[Fe(CN)XNO]-2H,0, abbreviated to SNP hereafter) is
produced when the crystal is exposed in laser light of the-blue
green region below 100 K. The new state was first found by
Hauser et al. using Masbauer spectroscopwand has been
studied by various techniques such as infrared spectroscopy,
Raman spectroscopy® DSC measurementsX-ray diffrac- Taser (Ay)
tions® and DFT calculation8. Results obtained by these
investigations are summarized as follows: (1) two new species
of the [Fe(CN}NOJ?~ anion are populated upon irradiation with (b)
light in the 356-580 nm spectral region at 77 K and vanish
thoroughly above 200 K; (2) the two anion species, denoted by
MS; and MS, have extremely long lifetimes and do not show
any indication of spontaneous decay below 100 K; (3), i
MS, show exothermic decays to the ground state (denoted by
GS) above ca. 130 K(M$ and ca. 180 K(M9; (4) MS; and
MS;, have higher energies than GS by 1 eV; (5) the photo-
stationary equilibrium is reached by continued irradiation and
it controles number densities of M&nd MS; (6) the NO group ©
is inverted in M$ and side-bound in MS and (7) similar
metastable states are produced in ruthenium- and osmium-
nitrosyl complexes.

In 1992, one of the authors (Y.M.) reported an anomalous
optical property of an SNP single crystal in its metastable $ate.

First, the metastable state is formed icteut SNP single crystal

by irradiation with a linearly polarized laser of wavelendth Wavelength
as shown in Figure la. Polarization of the laser should be Figure 1. Optical filter characteristics of the metastable state of SNP.
intermediate between the crystallographiandb axes, i.e.y The metastable state is produced by irradiation with a laser line

= 0 andy = z/2. Next, white light is passed through a system Ppolarized at an anglg = 40-50° to thea-axis (a); a spectrur§(4) of
of the metastable SNP crystal and two polarizers as shown inllght tran§m|tte.d by the metastable SNP crystal sadeIChed .between
Figure 1b. When the polarizers are crossed and their directionstw0 polarizers is measured (%2) has a peak or a dip depending on

9 P . the orientation of the polarizers (c).
are parallel to tha andb axes, the spectrum of the transmitted
light S(1) is quasi-monochromatic (solid line in Figure 1c) of
wavelengthlo, whereass(1) shows a sharp dip (dashed line) at
Ao when one of the polarizers is rotated by’ 90he wavelength
Ao depends oml; and 4o ~ A_. It should be noted that the

SNP crystal before irradiation belongs to the space group
D%ﬁ—Pnnmof the orthorhombic system and, therefore, light of
the whole spectral region is not transmitted through the system
of Figure 1b in the crossed polarizers.

t Part of the special issue “Mitsuo Tasumi Festschrift”. In ref 10, to explain the band-pass and band-reject charac-
* Corresponding author. E-mail: morioka@chem.saitama-u.ac.jp. teristics of the metastable SNP crystal, the author proposed a
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mechanism oficcidental isotropy in optically acte crystals (a) polarizer

which had been demonstrated for the first time by Hobden in /\ o
AgGa$ as belonging to the optically actiigyg point groupt! halogen P1 P2 spectro-
Because SNP belongs to the centrosymmegicpoint group lamp %4’ meter
in the ground state, a light-induced symmetry change was 74 polatization
presumed in ref 10. The assumed symmetry change, however, Fresnel-rhomb[jj sample CIYOStal  gormbler
has remained to be examined experimentally. Another problem prism

raised in ref 10 is to explain the observed relatigns 1. The ﬂ

theory based on the accidental isotropy in optically active taser to
crystals accounts for the optical property shown in Figure 1c a spectro-

qualitatively but does not explain the observed correlation
betweenlg andA,.

It is a purpose of the present paper to elucidate the optical
properties of the metastable state of SNP definitely. For this
purpose, we did X-ray diffraction measurements for the
metastable state to examine whether a symmetry change to the white
optically active point group, sdy,, might happen or not. Then, light
since results of the X-ray d'ffraCt'on_Were negatlye to the Figure 2. Experimental setup for spectroscopic measurements of the
assumed symmetry change, we carried out detailed opticalmetastable state (a), and definitionsyafandy, (b).
measurements and obtained results that cannot be explained by

spatially homogeneous optical properties. Based on these For gpservations of the anomalous optical property illustrated
observations, we propose a model involving photorefractive in Figure 1, the optimum angle between the electric vector of
formation of a spatially heterogeneous structure due to laser|aser light for excitation and the crystallographiaxis, y, is

irradiation and show that the model reproduces not only the 40-50°, which is adjusted by a Fresnel-rhomb prism and a
band-pass and band-reject characteristics but also a strict equalityyo|arizer P1. Irradiation time ranged from 30 to 120 min under

SNP single
crystal

betweenio andA.. laser power of 550 mW. Then, mirror M was removed and
) . spectra of transmitted white light were recorded by a single
Il. Experimental Section polychromater of = 25 cm (Ritsu MC-25N) equipped with an

; CNYNOT-2H,0O. which have well- ICCD detectqr (Pr_inceton Instruments, ICCD-576G/1). To
dei;r;g:)eegr{g;all)s, (()gjl)\l;f{('(:)%)’ a)?ld (%11) fzac’es, were grown by specify the orientation of two.polgrlzers P1 and P2, angles
decreasing the temperature of a saturated aqueous solution. Kand v2 are defined as shown in Figure 2b.
single crystal of 0.30x 0.18 x 0.18 mn¥ with a flat (001)
surface was obtained by grinding a large single crystal into a
(001) plate of ca. 0.18 mm in thickness and cutting by a razor ~ A. X-ray Diffraction. The lattice constants measured at 114
and used for the X-ray diffraction measurements. The sampleK before and after irradiation of 441.6 nm were as folloves:
crystal on the diffractometers, an automatic four-circle diffrac- = 6.147(1),b = 11.847(2),c = 15.535(3) A,V = 1131.3(4)
tometer (MAC Science, MXC18HF) and a Weissenberg-type A3 before irradiation, and = 6.150(2),b = 11.849(3),c =
diffractometer equipped with an imaging-plate detector (MAC 15.535(4) A,V = 1132.1(5) R after irradiation. Although a
Science, DIP3000), was cooled in stream of cold nitrogen gas slight elongation of the-axis upon irradiation was observed,
(Oxford Cryosystems, Cryostream cooler). To transform the the change is much smaller than the elongation by ca. 0.012 A
sample into the metastable state on the diffractometers, the (001)eported by Coppens and co-worké&r3his discrepancy is
surface was irradiated perpendicularly with a 441.6 nm line from attributable to the difference in polarization of laser light applied
a He-Cd laser at 118115 K. The electric vector of the laser for formation of the metastable state; the polarization was
was set to 45from the a-axis. Generation of blue color was intermediate between the and b-axes in the present study,
confirmed prior to the X-ray measurements using a telescopic while it was parallel to the-axis in ref 8. It is known that an
system of Figure 1b with crossed polarizers. The X-ray radiation extremely high population up to 50% of the metastable anion
used for all the measurements was graphite-monochromateds obtained by the-polarized light of 457.9 nm213 Although
MoKa (A = 0.71073 A). the population achieved by thee or b-polarized light has not

For spectroscopic measuremerctsut plates of 106200um been documented clearly, it must be fairly low compared to
in thickness were prepared by grinding large single crystals, the c-polarized light.
and surfaces of them were polished by a lapping film (Sumitomo  Signs of the symmetry change were searched carefully.
3M, #10000). An experimental setup for the measurements is However, any deviation from orthorhombic system in diffraction
shown in Figure 2a. The crystalline plate prepared was attachedintensities, an additional reflection, or a diffuse scattering were
to a coldfinger, which has a light transmitting aperture of 1 mm not found. Therefore, we have concluded that the light-induced
in diameter, of a liquid nitrogen cryostat (Oxford Instruments, symmetry change does not occur in the short scale that can be
DN1754). To transform the sample into the metastable state, adetected by X-ray diffraction methods.
mirror M was inserted and irradiation was done at 77 K with  B. Optical Properties. Electronic absorption spectra are
various wavelengths: 441.6 nm from a Heéd laser; 457.9, shown in Figure 3. Upon irradiation, a new broad band
476.5, 488.0, and 514.5 nm from an Ar ion laser, and 632.8 characteristic to the metastable state appears at 660 nm. Intensity
nm from a He-Ne laser. of the band in the 457.9 nm excitation is much stronger

Polarized absorption spectra in the visible region were compared to the 488 nm excitation, which reflects the high
measured after removing the mirror M and polarizer P2. population of the metastable anion. It should be noted that there
Polarizations of both the laser light and the white light were are no anomalies in the absorption spectra around the excitation
parallel to thea-axis. wavelengths, 488 and 457.9 nm.

Ill. Results and Discussion
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Figure 3. Absorption spectra of the ground state (a); and the metastable > 2
state produced by 488 nm irradiation (b), and 457.9 nm irradiation (c). g
The temperature of the sample was 77 K. The electric vectors of both &
the lasers applied to produce the metastable state and the white light a ol
source for the spectroscopic measurements are parallel @ dkes.

The symbold in the label of the vertical axis denotes thickness of the 40 500 600 70

sample. Wavelength / nm

Figure 5. Spectra of transmitted white light in various anglesyef
and y,, which are defined in Figure 2. The metastable state was
produced by 476.5 nm irradiation. The polarizers are crossed in (a),
and y1 is fixed to @ in (b). The irradiation and spectroscopic

' measurements were carried out at 77 K.

0.8+

441.6 nm

488.0 nm
514.5 nm

) anion. In the experiments in ref 10, only a single channel
spectrometer and optics of low throughput were available and,
therefore, relatively high power of the white light and long
' measuring time was required to obtain one spectrum covering
. the visible region. In the present experiment, on the other hand,
' i the power of white light and a measuring time were reduced
021 LA (a) significantly, since a highly efficient spectrometer was available.
JJ_’/ . Thus, the present results show that the band cégismprecisely
S e equal to the _vvaV(_eIength of laser light applied for the metastable
state formation,.e.,

0.0 T T \
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Figure 4. Band-pass filter characteristics ofcacut SNP crystal in

the metastable state placed between crossed polarizers. The crystal was . L . N
142 um in thickness gnd was irradiated with 5|014.5 nm (a), 488)./0 nm When disturbance by the white light is not significant. On the

(b), 476.5 nm (c), and 441.6 nm (d) laser lines. The vertical axis is the Pasis of the accidental isotropy in optically active crystais,
fraction of intensity of light that is transmitted through crossed is the wavelength in which refractive indices for theand b
polarizers, i.e.|crosd(lparatiel T lcros9. Wavelengths of the laser lines are  axes,n, and ny,, coincide with each other. Although it is not
shown byyertical lines. The irradiation and spectroscopic measurementsynusual that the refractive indices change with since the
were carried out at 77 K. population of the metastable anion depends.grthe equality
Spectra of the transmitted light through the SNP crystal eq 3.1 is puzzling.
sandwiched between crossed polarizers € 0°, y> = 90°) The absence of the symmetry change shown by the X-ray
after irradiations with 514.5, 488.0, 476.5, and 441.6 nm lines diffraction and the equality betweeélg andA, suggest that the
of y = 45° are shown in Figure 4. The same sample of 4P accidental isotropy model should be discarded. To our knowl-
thick was used in these spectra. The spectra a, b, and c are quasedge, the phenomenon shown in Figure 4, especially the equality
monochromatic with half-widths of 2630 nm, and the spectrum  betweenly and A, which is paraphrased as “wavelength of a
d is of multiple peaks. Spectral shape depends on not only thelaser is printed or memorized in a crystal”, is not known so far.
laser wavelength but also on the sample thickness. ExperimentsTo investigate this interesting phenomenon, which is referred
on the thickness dependency of the spectra, however, were noto as “wavelength printing effect” hereafter, the polarization of
successful because of the difficulty in preparing thin plates of the transmitted white light was examined by the setup shown
desired thickness. A remarkable point is that the peak wave- in Figure 2 with various orientations of P1 and P2. Spectra of
length Ao coincides with the wavelength of the applied laser the transmitted light under crossed polarizers at various angles
(L) within an error of 1 nm in the spectra on irradiations with  of y; are shown in Figure 5a. The sample is-aut crystal of
488 (b) and 476.5 nm (c), whiléy and A, differ by about 10 200um in thickness after irradiation with 476.5 nm line from
nm in our previous studif. The discrepancy between the present an Ar ion laser with a polarizatiog = 45°. In wavelength
and the previous experiments may be attributable to the effectregionst <420 nm andl >520 nm, intensity changes with
of the white light sources for the measurements of the spectra.like ordinary birefringent crystals and the extinction occurs when
The white light gradually affects the population of the metastable P1 and P2 are directed to the crystallograghandb axes {1

Ao=M, (3.1)
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the excitation rate by the polarized light, only two anions at
sitesl and?2 are taken into consideration explicitly. The anions
at sites1 and 2 are related to each other by a glide plane
perpendicular to thb axis. The angle made hyandXis about
53° and is denoted by. To simplify the analysis, we ignore
MS,, since we have shown that M$ not essential for the
wavelength printing effect!

Our model, which describes how the wavelength printing
effect occurs, includes following two parts: (1) a population
difference of the metastable anion between sitesnd 2 is
generated and the difference varies periodically in the SNP
crystal; (2) the modulated population difference causes a
modulation of the orientation of the principal axes of refraction
and makes the SNP crystal in the metastable state something
similar to a pile of identical retardation plates of birefringent
material in the Sk filter. Such a pile of retardation plates, in
which the principal axes of refraction are rotated by a small
angle in both senses alternatively, placed between two polarizers
acts as a band path filtét15

To investigate the population difference mentioned above,
we express the electric field of laser light traveling along the

c-axis by
Figure 6. Arrangement of [Fe(CNNO]-H-O anions in the crystal. Ey = A exp(=imt)
Four anions are contained in a unit cellRiinmspace group. Molecular
coordinatesu and v are perpendicular and parallel to the-f¢—0O E, = A, exp(-int) (3.2)
axis, respectively.
= 0°, y, = 90°). In the anomalous region, 420 nfmAi < 520 where Ax and Ay are complex amplitudes and is angular

nm, however, there is no extinction direction for the crossed- frequency of light. The complex amplitudés and Ay are
polarizers. Spectra of the transmitted light at various angles of functions of z. Time-averaged energy fluxes af and v
v2 and fixedy:(= 0°) are shown in Figure 5b. This figure shows components of the eIecFrlc field gxerted on the anions are
that the transmitted light of the anomalous region is not linearly Proportional to the following quantities:
polarized but elliptically polarized, because it does not become 5 5 .
extinct at any angles of,. The ratio of intensities at, = 0° Jy, = |A(l? co$ 6 + |A| sirf 6 —
andy, = 90° in the anomalous region varies depending on the (AN + AAY)CosO sind
sample thickness and the wavelength of the laser.

The features of the anomalous region cannot be explained], = IAJ% si? 6 + |A,|? cog 6 +
based on the optical properties of homogeneous crystals, and a N N .
spatially heterogeneous structure should be considered. The (AAY + AAcosO sind (3.3)
polarization of the incident laser may vary along the propagation
direction due to the retardation of the optically anisotropic
crystal, and population of the metastable anion may depend on 2 5 .
the polarization of the laser. Since polarizabilities of the Jou = 1A cos 6 + 1AVl sin’ 6 +
metastable state and ground state anions are different from each (AAY 4+ AAY)COSH sind
other, it is a plausible assumption that the spatially heteroge-
neous refractive indices might be generated. In the following J, = |AX|2 si’ 0 + |AY|2<:os2 0—
section, a mechanism of the wavelength printing effect com- N N .
prised of photorefractive formation of a spatially modulated (AxAy + Aiicost sind (3.4)

refractive indices is proposed. ) . . . .
C. Mechanism of the Wavelength Printing Effect. 1. for the anion at site. Light-induced conversion between GS

Orientation Modulation of Principal Axes of Refraction Owing and MS is caused by the action of the energy flux given above
to the Population of the Metastable Stafée crystal structure ~ nd the population of Michanges with time. Kinetic equations
of SNP projected on the (001) plane is shown in Figure 6. for the fractional populations of'I\/LSn sitel and §|te2,'wh|ch
Cartesian coordinatesx( Y, Z) are chosen parallel to the &re denoted bp; andp,, respectively, under the irradiation are
crystallographica, b, and ¢ axes. TheC; axis of the expressed by

[FE(CNENOJ2~ anion having approximat€,, symmetry is d

perpendicular to the-axis. As discussed by Guida et the b _ {k, (1 —py) — k,_p}dy, +
highest population of the metastable anion upon irradiation with d7

c-polarized light suggests that an electronic excitation by the {k, (L—p) —k,_p}dy,
light polarized perpendicularly to th@, axis is considered to

be the main pthway to the metastable ar!ion. We define the %P2 = {k,s(1 = p,) — k, P}, +

molecular coordinatesandy that are perpendicular and parallel  dz

to the C, axis, respectively (see Figure 6). Because pairs of {k, (1 —py) —k,_p}J,, (3.5)
anions,1 and 3, and2 and 4, which are related by inversion

centers, are equivalent concerning the following discussion on where t denotes the irradiation time of the laser. Kinetic

for the anion at sitel, and
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constantsk,+ and k,+ are transition rates from GS to MS
through absorption of theandv polarized components of light,
whereask,- andk,— stand for the rates from MSo GS.

To discuss the effects of the population of the metastable
anion on the optical property of the SNP crystal in its metastable
state, we express the polarizability tensor of the anion by

u u
o= (1 - pogs+ pays 0 ) ) (3.6)
0 (1 = P)ogs + PAys Jwy)
The subscript §v) in the right-hand side indicates the basis
coordinate of the matrix. Off-diagonal elements are zero since
the C4, Ssymmetry is retained in M& The dielectric tensor for
the optical region is given by

€= el + PIE = gl + (NI2)(ay + @, + Aoty + ety o)
(3.7)

in which a; anda,, are the polarizability tensors of [Fe(CN)
NOJ?>~ anions at sitesl and 2; ons' and an,o are the
polarizability tensors of Naand HO, respectivelyN is the
number of formula units in a unit volumey is the dielectric
constant of vacuum; and | is a unit tensor. In this expression,
the local field correction is ignored, because it must not be

J. Phys. Chem. A, Vol. 106, No. 14, 2002521
In such a caseix andAy in eq 3.2 can be written as
A= Ay exp (2tingzld))

A, = Ay exp (2ringZ/A,) (3.11)
where Aq is a real constantp, and n, are refractive indices,
and A_ is the wavelength of laser light in a vacuum. This
expression corresponds to the linearly polarized light with the
electric vector directed to 4%rom thea-axis at the front surface

of the sample{ = 0). Energy fluxes, eqs 3.3 and 3.4 in this
case, are reduced to

Jy, = AL(1 — 2 cod) sind cosp)

Joy = AZ(1 + 2 cod) sind cosp) (3.12)

whereg represents the phase differenceg(i2, — np)z/A.. From
egs 3.10 and 3.12y + p, = 2(kw+A7)A; is independent of,
but pp — p2 = —4(ku+Ar)A§cos95in0cosz> depends onz
through the phase differenc¢. Therefore,ex and ey are
independent of, whereasxy depends orz as

€xy = _4(ku+AT)Aoz(aés — 0gs— Oys +

o,s) CoSH sinff cos(2r(n, — n)z/A,) (3.13)

essential in the present problem. Performing appropriate trans-The nonzero value afxy causes a small rotation of the principal

formation of eq 3.6 to the Cartesian coordinate for the ite
and site2 anions, eq 3.7 on the basis of the Cartesian coordinate
becomes

)(XY)

ex=¢€t € + (N2{((2— p,— PJogs T+ (P +
P)ays)cos 0 + (2 = py — Pags T (py + Py)ogyg)sin’ 6}

_ (Ex €xy
6 =
€xy €y

(3.8)

where

ey=¢6yt+ e +(N2{((2—p,— pz)ags +(p, +
Pae)Si’ 0 + (2 — py — Pags + (P + P,)ays)cos 6}

exy = (P1 — P)(0gs — Ogs — Ays T ays)cosh sind - (3.9)

The symbok’ = (N/2)(danat + 4ouw,0) is introduced assuming
isotropic polarizabilities of Naand HO.

Populationsp; and p,, of the metastable anion depend on
the energy flux of laser light as eq 3.5. At the same time,
propagation of the laser light is controlled by the dielectric tensor
egs 3.8 and 3.9, which depend prandp,. Before considering
such a complicated problem, it may be valuable to have insight
into the wavelength printing effect to discuss a simpler situation
in which propagation of laser light is not affected by the
population of the metastable anion and the populatmrend
p. are proportional toJy, and Jy, respectively. The latter
approximation corresponds to the case in which the populations

of the metastable state anion are much less than the saturation

level and are approximated by

Py = K, Jy AT

P2 = K, Jp AT (3.10)

axes by

A =tan Yeyy/lex — &) (3.14)
in both sense depending on the sign of ca$(@ — ny)Z/1.).

This situation closely resembles thélS&dilter, which was
first developed by So and investigated by Evans theoreti-
cally}415The Sdc filter is a pile of identical retardation plates
of birefringent material placed between crossed polarizers. The
principal axes of thgth plate should be rotated alternatively to
the transmitting direction of the first polarizer by small angles
0j = (—1)|0]. Evans has shown that wavelength of the principal
transmission band is given by

Ay =2dAn (3.15)
whered is a thickness of a single retardation plate amuis
the difference of refractive indices of the retardation plate. Since
the modulation period of the "8ofilter 2d corresponds td, /
(na — ) (see eq 3.13) in the present material a@d= n, —
np, g 3.15 indicates that wavelength transmitted by the system
shown in Figure 1 equals the wavelength of laser light applied
to produce the metastable state, ig.= A.. This equality is
considered to correspond to the observed equality eq 3.1.

2. Photostationary Statélthough the analysis in the previous
section must have shown the essential point of the wavelength
printing effect, it is not enough to be applied to the photosta-
tionary state in which experimental observations were per-
formed. The conditions of the photostationary sta@/dr =
0 anddpy/dr = 0, are expressed by

— kU+‘]lU + sz—‘]lU
(ku+ + kuf)‘]lu + (ku+ + kzh)‘]lz/

— kU+‘]2U + sz—‘]ZU
(ku+ + kuf)‘]Zu + (ku+ + kz/7)‘]21/

If k,+ andk,— were zero ok,+ andk,— were zerop; andp;

Py

P, (3.16)
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should be independent afand, therefore, the modulation of
exy should not occur in the photostationary state. A more serious
problem is that eq 3.11 cannot be used for evaluatiod;of

etc., because refractive indices change in time and space with

p1 andp under irradiation. Therefore, we investigated effects
of continued irradiation by a numerical method. The calculation
procedure is as follows. Putting zerosppandp, of egs 3.8
and 3.9 for allz, zdependent complex amplitudég and Ay

are calculated for = jAz, j = 1, 2, 3, ... using Berreman'’s 4
x 4 matrix method?® Population of the metastable anipa
and p, as functions ofz are calculated assuming that energy
flux does not change for a short interval of time using eqs
3.3,34 and

Ap = [{k, (1 —p) = k_p}Jdy T {k(1—p)—
k_P}J,JAT (3.17)

wherei = 1, 2. The dielectric tensor eq 3.9 is renewed based
on the calculateg, thus the first-step is finished. The second
7-step begins with the calculation @ and Ay based on the
renewed dielectric tensor for the next time interval. These steps
are followed successively until the electric field and the
population become stationary. Berreman’s 4 matrix method

is a technique to solve numerically Maxwell’s equation for the
electromagnetic wave. Theedependent complex amplitudAg
andAy in eq 3.2 can be calculated for an anisotropic medium
having az-dependent dielectric tensor. The valueAdfin the

4 x 4 calculation was set to 0.0056 A,. The parameter|Ay|2

+ |Av|9ky+ Az, which appears in the combined equation of eqs
3.3, 3.4, and 3.17 and is independent of bo#mdz, was set

to 0.05 tentatively. The value ef in eq 3.9 was estimated to
0.16 o from molar polarizability data of Ng 0.29 x 10724

cm?® x (4meg), 2 and of HO, 1.47x 10724 cm? x (4oeg), Which

is derived from the refractive index of water. Parameters
connected to the polarizabilities of the ground-state ani/n (
2eq)ags and N/2ep)as were estimated to 0.53 and 0.84,
respectively, based on the reported refractive indicgs+=
1.6150 andn, = 1.56192° Polarizability parametersN{2¢o)

ays = 0.53 and K/2ep)oy,s = 0.95, and those of relative
kinetic parameter&,/k,+ = 8.0, k,+/ky+ = 0, andk,—/kyr =

4.0 were evaluated arbitrarily, since no experimental data are

Morioka et al.
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Figure 7. Spatial changes dk (dotted lines)/y (solid lines), andx
at populating stage. Parameters used are as folloNfed)ogs =
0.53, (N/2eg)ags = 0.84, (N/2e0)oys = 0.53, (N/2€0)ays = 0.95, K-/
ku+ = 8.0,k,+/ky+ = 0, andk,—/k,+ = 4.0. Number of-steps are 1 (a),
5 (b), 10 (c), and 100 (d). The wave pf has a period of 18.8, in (a)
and 18.47, in (d).

significant changes. The decreaselpfrom 18.84. in Figure
7a to 18.4A. in Figure 7d is due to the assumed relation of
Oms > Ogs Which increasegn, — ny| as the metastable anion
populates.

To simulate experiments of the wavelength printing effect
in which incident white light isa-polarized, a condition oAy
= 0 atz= 0 is applied and the parameteAg|2 + |Ay|9)k.+AT
is set to zero to inhibit further changes. In the photostationary
state Figure 7d, the rotation angle of the principal axes of
refraction,A in eq 3.14, varies witlz as shown in Figure 8a.
The A-wave has a period df, and an amplitude of 0.034 (T)9
Polarization changes of the incidempolarized light are shown
in Figure 8b for the wavelengths= 0.8 1., 0.951,, andA,.
The polarization state changes withand the most significant
change takes place for the light b= A.. This point is shown

available. Therefore, discussion based on the present calculatior¢learly in Figure 8c, in which intensities obb-polarized

is limited to the qualitative area. The procedure above is a
simulation of approaching the photostationary state under
continued irradiation with laser light of wavelength. There-
fore, we putAx/Ay = 1 at the front surface of the sample=t

0). This procedure will be referred to as “populating stage”
hereafter.

Intensities oflx, |y, and p; as functions ofz after the
populating stage of increasingsteps are shown in Figure 7,
wherelx andly mean intensities oK andY components. The
population at sit&, p,, is not shown, because it is almost same
asp; except it is the opposite phase. The populating stage of
onet-step corresponds to the simplified scheme using egs 3.10
and 3.11, which leads to a sinusoidal population wavepior
with a period ofi./|n, — np| = 4, (Figure 7a). As the-step
increases)x/ly deviates from 1. This is due to the property
similar to the optical rotatory power revealed by the modulated
orientation of the optical indicatrix, which causes an irregular
change of the population waye (Figure 7b and c). On further
7-steps, however, the relation lgfly ~ 1 recovers ang; comes

componentsy atz= 1004, (A), 2831.(B), and 4501, (C) are
plotted as functions af. Symbols A, B, and C correspond to
positions A, B, and C in Figure 8b. The valuezyt B, 2834,
is the optimum thickness of a sample for the band-pass
characteristic shown in the experiment of Figure 1. A peak
position of thely curve in Figure 8b, which is denoted Byay,
depends on the amplitude of thewave. In the Sk filter, an
optimum condition for the number of retardation plateand
rotation angle of the platg)| is given byn = (z/4)(1/6]).15
Because twice the thickness of the retardation plate in fihe So
filter should be related td, in the present calculation, an
expected value afnaxis Ap x (/8)(1/6]) = 212 4., in which
|0] is regarded as the amplitude of tilewave, 0.034. The
difference between 283, and 212], is attributable to the
difference in the forms of thA-wave, namely the rectangular
wave in the Sk filter instead of Figure 8a. Apart from the
difference above, the analogy with thélSélter suggests that
the znax varies inversely as the amplitude of thewave.

In the viewpoint of the present calculations, the observed

to have a regular waveform again (Figure 7d). This state is band-pass characteristics revealed by the metastable state of SNP
considered to be the photostationary state reached under theshown Figure 4 can be interpreted as follows. The spectra at
continued irradiation, since additionatsteps do not cause 488.0 and 476.5 nm irradiation (Figure 4b and c) are close to
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0.04] (@ IV. Conclusion

0.02 A new phenomenon revealed by the metastable state of the
< SNP crystal, the wavelength printing effect, is explained by

0.001 assuming that an orientation modulation of the principal axes

0.02] of refraction is formed in the metastable state. Numerical

calculations based on Maxwell's equation and kinetic equations
for the interconversion of the ground and metastable states have
shown that the modulation exists even in the photostationary
state.
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