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Introduction

In a previous paper [1] describing an anomalous oscil-
lation in space (image nonprojectiveness) of equal-thick-
ness Pendellosung fringes, we also found that equal-incli-
nation fringes due to a minute strain center in the crystal
(near the exit surface) as well show a similar anomalous
oscillation. In recent experiments of Pendellosung fringes
we observed a similar equal-inclination fringe pattern
showing the anomalous oscillation with a better fringe
resolution than before. This observation is reported.

Experiment and results

The experiment was conducted at BLI5SC. The spe-
cimen was a wedge crystal of less than 2 mm in thickness,
cut from a high-quality FZ silicon block. The wavelength
was tuned at A = 0.81 A, the beam incident on the speci-
ment was collimated to 0.08” in angular divergence,
against 0.34” in previous experiments, and monochro-
mated to AMA=4x10" in wavelength spread against
AMA = 9x10™ in previous experiments. The 220 diffrac-
tion images of the specimen were recorded by way of
simultaneous imaging onto multi-stacked films.

Fig. 1 shows a set of multi-film topographs taken as des-
cribed above. White contrast indicates stronger intensity
here. A roughly triangular image seen in the center of
each topograph is the equal-inclination fringe pattern
under discussion, due to a minute strain center. From var-
ious observations, we can safely assume that the black-
and-white contrast of the image is of phase contrast show-
ing equal-inclination fringes, although strict verification
is left to a future work. The background black-and-white
pattern is of the main Pendellosung fringes. Nearly hori-
zontal, faint fine striations show subsidiary fringes [2].

It is obvious that the image under discussion shows an
oscillatory change among the whole multi-film topo-
graphs. It should be noted that images at front positions

(near to the specimen) appear recurrently at rear positions, .
asT1->T S5 (and T 6), T2>T 8, T 4T 7, etc., although

the recurrence does not proceed in exactly regular way. '95
Furthermore, steps of the continuous change of the image

can be followed to some extent in the ten topographs ;
shown. The oscillatory change with such features is quite

similar to those of previous moiré and equal-thickness

Pendellosung fringes. The analysis of such equal- ;

inclination fringes would be useful for ellucidating this
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anomalous fringe oscillation problem. Fig. 1. Multi-film topographs showing an equal-inclina-
tion fringe pattern. Diffracted-wave image. Upper-left fig-
References ures give the specimen-to-film distance in mm. Fuji #80
[1] J. Yoshimura, J. Synchrotron Rad. 7, 374 (2000). films (single-coated) were used. Exposure time was 25 s.
[2] J.Yoshimura, K.Hirano & X. Zhang, PF Activity
Report #18, 187 (2001). *yoshimur @ccn.yamanashi.ac.jp
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Introduction

We have conducted experiments of anomalous oscilla-
tion in space (image nonprojectiveness) of moiré and
Pendellosung interference fringes of X-rays [1]. During
the past year, the experimental research has been extend-
ed so as to use much more parallel and monochromatic
beam than before. In this ultra plane-wave experiment the
oscillation of Pendellosung fringes from a silicon wedge
crystal was observed with a significantly improved clarity
with larger amplitude than in previous experiments.

Experiment and results

The experiment was conducted at BL15C. The speci-
men was a wedge crystal of less than 2 mm in thickness,
cut from a high-quality FZ silicon block. The wavelength
was tuned at A, =0.81 A. By repeating asymmetric diffrac-
tion at monochromators crystals, the beam incident on the
specimen was collimated to ©®=0.08" in angular diver-
gence, against ®=0.34" in previous experiments, and
monochromated to AMA =4 x10" in wavelength spread,
against AMA_=9 x10™ in previous experiments. The 220
diffraction images of the specimen was recorded by way
of simultaneous imaging onto multi-stacked films

Fig. 1 compares six successive member topographs of
all ten multi-film simultaneous topographs in one set.
White contrast indicates stronger intensity here. Equal-
thickness Pendellosung fringes run vertically with a spac-
ing of A=0.352 mm. Compare, for example, the topo-
graphs at heights indicated by arrows A, B and C. It is
noted then that the distances between neighboring fringes
and the local orientations of fringes oscillate among the
multi-film topographs. The fringe oscillation here is pro-
duced with a much larger amplitude than in previous
topographs with ®=0.34", so that the oscillation is easily
recognized by visual inspection of the topographs. In
addition, anomalies in the fringe profile become more
noticeable, and details of subsidiary fringe patterns [2]
appear more clearly under this ultra plane-wave condition.

References
[1]J. Yoshimura, J. Synchrotron Rad. 7, 374 (2000).
[2] J.Yoshimura, K.Hirano & X. Zhang, PF Activity
Report #18, 187 (2001).

*yoshimur @ccn.yamanashi.ac.jp

Fig. 1. Multi-film topographs showing Pendelloesung fringes. Diffracted-wave image. Taken at a deviation angle from
the diffraction peak A6 = -0.25”. Exposure time was 25 s. Upper-left figures gives the specimen-to-film distance in mm.
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Recently, we have taken resonant scattering topographs
for a GaAs crystal with the 200 reflection using
synchrotron radiation near K-absorption edges of Ga and
As[1]. As shown in Fig.1, values of u and v, which are
parameters describing X-ray polarizability, change from —1
to 1 with change of the incident X-ray energy. The
variations of contrasts in lattice defect images, reflecting
characteristics of (i, v) = (1,0), (-1,0), (0,-1) and (0,1),
were reported in reference [1]. In this report, we present
results of the correlation between the sign change of v and
Burgers vector b. The optical system for the experiment is
the same as that in [1]. Fig.2 shows topographs recorded for
020 and 220 reflections at the energy indicated by A in Fig.1,
respectively. The darker region corresponds to the stronger
intensity. Consequently, b is located in a plane perpendicular
to k19, and this can be confirmed by the disappearance of an
image indicated by a white arrow in Fig.2 (b).

The calculated rocking curves, corresponding to points
B with (4, v) = (0,-1) and D with (0, 1) in Fig.1, are
shown in Fig.3 (a) and (b). The transmitted rocking curve
(Py) is asymmetric with respect to the exact Bragg angle,
although the diffracted one (P,) is symmetric, and the
both exhibit Borrmann effect conspicuously. There is a
tail at higher angle side of the transmitted rocking curve
in (a), but at lower angle side in (b).

The transmitted-beam images recorded at the
conditions corresponding to the points of B and D are
shown in Figs.4 (a) and (b). The images of the lattice
defects turn into double white lines, because that
Borrmann effect is disturbed by the shift of Bragg angle
in the region with distorted lattices. It is noted that the
image contrasts of the double line in the region enclosed
by , the left side is brighter than the right side in (a), but
the right side is brighter in (b). Although the contrast
difference is much smaller in  than that in , it still can
be seen in  that the left-upper side of the double lines is
brighter in (a), and the right-lower side is brighter in (b).
The lattice defect images comprising of double lines
suggest that the defects belong to an edge dislocation.
According to the changes in the contrasts of the left-upper
and right-lower of the double line inside , it can be
concluded that the direction of b is [110], parallel to the
crystal surface (paper surface) as indicated by the black-
bold arrow. Here, b is defined by FS/RH (Finish
Start/Right-Hand). On the other hand, as to the defect
regions enclosed in , reflection surface at the left part in
the double lines bends this side with respect to the
reflection surface for the exact Bragg angle, but that at the
right part bends the opposite side, and then the direction
of b is estimated to be [101] . According to the

aforementioned discussion, it is clear that direction of
Burgers vector b can be determined by using contrast
changes caused by sign change of v known as an effect of
resonant scattering dynamical diffraction.
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The anomalous scattering factor ( f'+if ") (ASF) of
X-ray resonant scattering changes remarkably near an
absorption edge of an atom. It is well known that this
change is significant for the phase determination of
crystal structure factor and the study of X-ray magnetic
scattering. ASF near the absorption edge is so sensitive to
the conduction band structure and the lifetime of
intermediate transition process that it is not easy to
evaluate it theoretically. Thus, it is interesting to
investigate the consistency between the calculated ASF
and the measured one. When the sign of Fourier
coefficient ¥, (X, ) of real (imaginary) part of X-ray
polarizabilty changes, a conspicuous change of
asymmetry in rocking curves (Fig.1) can be seen in a
perfect crystal. We have studied the phase changes of
X (or fO+ £, f°is the normal atomic scattering
factor) using rocking curves for 660, 555 and 844
reflections of Ge at BL-15C in KEK-PF. At the boundary
of the phase change, the condition of f°+ f'=0 can
be found experimentally. Then the value of f' can be
determined with good &)recision using the well-known
calculated value of f .
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Fig.1 Observed rocking curves of Transmitted-beam for
Ge 844. @ is the energy of Ge K-absorption edge
(11103.6eV).

The calculated and measured ASFs are shown in Fig.2.
The thin solid line (corrected by lifetime) and the dotted
one (without correction) are obtained according to the
isolated atom model (IAM). The thick solid line and the
open circles are obtained as follows. f"' for the former is
determined by the dispersion relation (DR)" and for the
latter by the phase change method (PCM), whereas f"
is determined from the measured XAFS in both cases. It
is clear that the value of f' determined by the PCM is

different from that calculated by the IAM , but is in
excellent agreement with that obtained by the DR.

References
1) T. Kawamura and T. Fukamachi: Jpn. J. Appl. Phys.
17 (1978) Sppli. 17-2,224-226.
2) L. G. Parratt and C. F. Hempstead: Phys. Rev. 94
(1954) 1593-1600.
3) S. Sasaki: KEK Report 88-14 M/D, (1989) 1-136.
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Fig.2 The calculated and measured ASF. The thin solid
line is calculated by Parratt and Hempstead
formula®. The dotted line is calculated by Sasaki®.
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Introduction

There have been many attempts of protein crystal
growth experiments in microgravity, and thousands of
samples have been analysed [1]. It has been reported that
microgravity had a positive effect on the crystal quality in
many of the samples [2,3]. The effect of microgravity is
generally understood as follows: (1) Because of the
absence of convection, the depleted zone, i.e. a zone
where the protein concentration is lower than the bulk
solution because of protein consumption by the growing
crystal, around the growing crystal will be maintained and
growth will proceed slowly [4,5], (2) Because of the
absence of convection, impurities which are preferentially
incorporated into the crystal surface will initially be
incorporated into the crystal, but later an impurity
depletion zone will form which results in less impurity
incorporation into the crystal [5,6], (3) Because of the
absence of sedimentation, microcrystals formed in the
bulk solution do not deposit on the growing crystal [4,7].

We have already proved that the crystal quality actually
increases when the supersaturation is lower by using PF
BL6A [8]. This supports the above-mentioned first
possibility of microgravity effect. In this study, we focus
on the above-mentioned second possibility that the
impurity deteriorates the crystal quality. If impurity
incorporation decreases the crystal quality, microgravity
may work as a positive impurity filter.

Experiment

Materials and methods

Hen Egg White Lysozyme tetragonal crystals for X-ray
data collection were crystallized by the conventional
batch method at a temperature of 20 °C. Lysozyme dimer
was used as a model impurity. Covalently bound
lysozyme dimer was purified from commercial lysozyme
sample by re-crystallization, gel filtration and HPLC.
93% pure dimer sample was added to 99.99% pure
lysozyme monomer sample for crystallization in various
rates; 0%, 0.5%, 2% and 5%.

The crystal size was carefully controlled to be the

same to compare the crystal quality without compensation.

We collected all data at room temperature at the BL-6A

of the Photon Factory (PF), Tsukuba, Japan. Nearly
complete diffraction data sets were collected using an
ADSC Quantum 4R CCD detector by the oscillation
method with a wavelength of 0.978 A. Fifteen samples
were analyzed in total. The X-ray diffraction data were
auto-indexed and integrated using the program
DPS/MOSFLM/CCP4 [9] and then merged and scaled
with SCALA/CCP4 [10].

Results

The crystal quality was evaluated by four indexes;
maximum resolution limit, </>/<cl>, R, overall B
factor. In every index, there was a tendency that the
crystal quality decreased as the impurity improved. The
results will be reported in detail elsewhere.

NASDA is planning a microgravity experiment on a
space shuttle on 2002. The impurity incorporation in
space and the crystal quality of space grown crystals will
be studied.
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Introduction
Ribosome, the enormous complex of proteins and

RNAs, plays a principal role in the biosynthesis of protein.

Recently, studies of the entire structure of ribosome, and
the complex structure of ribosomal protein and rRNA
have been rapidly advanced. Much information about
translational mechanism was obtained from these results.
The ribosomal assembly runs through a series of
intermediate particles with increasing S-values, (i.e.
increasing compactness). Ribosomal protein L13 is one of
early assembly proteins essential for the functionally
important conformational state during the early assembly.
Ribosomal protein L13 is one of primary 23S rRNA-
binding proteins. Three-dimensional structure of L13 may
give structural basis on the principles of protein-RNA
recognition.

Table 1. Data collection and refinement statistics

Wavelength (A) 1.0

Temperature room temperature

Space group P2,2,2,

Cell parameters (A) a=41.08
b=51.54
c=64.20

Resolution (A) 22.7-1.6 (1.69-1.60)

Total reflections 124,718

Unique reflections 17,561

Completeness (%) 94.8 (77.2)

Redundancy 7.1 (6.6)

R eas (%) 3.3 (14.8)

Averaged I/o (I) 12.6 (5.0)

Resolution range (A) 8.0-1.6

Number of reflections 17,382

Residues included 127

Number of non-hydrogen atoms

protein 1,038

solvent 300
R-factor (%) 21.2
Ry —factor (%) 22.7
Average B factor (A% 24.42
Rms deviations

bond lengths (A) 0.0044

bond angles (°) 1.15

dihedral angles (°) 21.5

Values in parentheses are for the outermost resolution

shell.

Results

Ribosomal protein L13 from hyperthermophilic
archaeon  Pyrococcus  horikoshii  (PhoL13)  was
crystallized at 20°C by the hanging-drop vapor diffusion
technique. The crystal of native PhoL13 was mounted a
glass capillary. X-ray diffraction data set for native
PhoL13 was collected up to 1.6 A resolution at room
temperature using the ADSC CCD detector and
synchrotron radiation with 1.0 A wavelength. Data were
processed with MOSFLM and scaled with SCALA.
Crystal of PhoL13 belongs to the space group P2,2,2,,
with unit-cell parameters of a=41.08 A, b=51.54 A and
¢=64.20 A. The cell parameters of native PhoL13 were
slightly different from ones of Se-Met PhoL.13.

The structure of Phol13 was determined by MAD
method using Se-Met MAD data set, which was collected
up to 1.8 A resolution using cryogenic technique
previously. Because the native crystal was not
isomorphous with the Se-Met L13 crystal, a native
PhoL13 model (Fig. 1) was obtained by molecular
replacement using program AMORE. The model was
rebuild on the electron density map after positional and
temperature factor refinements. These steps were repeated
several cycles and water molecules were added. The data
collection and refinement statistics are summarized in
Table 1. The structure detail of PhoL.13 will be published
elsewhere.

Figure 1. Ribbon diagram of PhoL13. The disordered
region (residue 53-67) was connected with a dashed line.
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A new partially oxidized metal-free phthalocyanine
(Hope) salt was electrochemically synthesized from
neutral Hppc in 1-chloronaphthalene solution with
(n-Bu),N PF as the electrolyte. The electric conductivity
along the growth axis of a needle-like crystal was about 9
S cm’ at room temperature. The results of chemical
analysis have implied that the composition is nominally
Hope (PFs525Clo72) 028- It has been suggested that the
fluorine atoms in the PFg ions were partly substituted by
chlorine atoms during the electrochemical process.

Powder X-ray diffraction data have been collected
with a high-resolution powder diffractometer MDS [1] on
beamline BL4B2 at the Phothon Factory. The incident
beam wavelength was 1.2072(4) A. A Lindemann glass
capillary of 1.0 mm ¢ in diameter filled with 9 mg of the
grinded powder sample was used as the specimen for the
powder diffraction measurement. The collected
diffraction data range was 1 to 150° in 26 at a step size of
0.004° using a counting time of 8 s per point.

All the detectable diffraction peaks were indexed by
assuming a rhombohedral (R3) unit cell with the refined
lattice parameters of a = 21.3427(4) A and o =
119.42784(2)°.  The cell volume of 1909.5(1) A’
indicates the existence of three H,pc molecules in the unit
cell. The periodicity of 4.8687(2) A along the [111]
direction coincides with the observed periodicity along
the growth axis in the oscillation photograph taken for a
bundle of thin needle-like crystals in our laboratory.

The chemical composition of (H,pc) ; PFg, CI, was
assumed to satisfy the requirement of the symmetry. The
powder diffraction pattern was simulated for further
simplified composition, (H,pc); PF¢ (x = 0). The position
and orientation of the H,pc and PFg molecules were
optimized by a least-squares method to fit the observed
diffraction intensity data, treating H,pc and PFg molecules
as rigid bodies. The common isotropic atomic
displacement parameter of 0.01 A? was assumed for all
the atoms.

Figure 1 shows the experimental powder diffraction
data, calculated curve for the optimized structure of
(H,pc) 3 PFg, and the difference plot. The reliability factor
for the profile fitting was 11.89 %.

The projection of the refined crystal structure along
the [111] direction is shown in Fig. 2. Hpc molecules
are uniformly stacked along the [111] direction. The
optimized angle between the [111] and the normal
direction of the H,pc molecular plane was 46.88(1)°,
which gives the interplanar distance between the
neighboring Hopc molecules to be 3.33 A.  The
orientation of each Hypc molecule relative to the stacking

axis is very similar to that of the X-polymorph of neutral

(a) Observed intensity
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Fig. 1 (a) Synchrotron powder diffraction pattern of
(Hypce); PFg . CL,, (b) calculated curve for the
optimized (H,pc); PFq , and (c) the difference.

Fig. 2 Projection of the optimized crystal structure of
(Hapce); PF.
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Introduction

Micrometeorites are small (<lmm) extraterrestrial
material, which constitute the major fraction of
extraterrestrial material fall onto the Earth [1,2]. To
identify their parent body is one of the major objective of
micrometeorite researches. Although bulk mineralogy
provides an important clue to the origins of
micrometeorites, primary mineralogy of micrometeorites
has been altered by various degrees of heating during
atmospheric entry. Thus, it is important to clarify the
mineralogical changes in micrometeorites during
atmospheric entry heating.

Experiment
We performed pulse-heating experiments of a small

piece of Orgueil (CI1) carbonaceous chondrite from
200°C to 1000°C with 100°C interval under ambient
atmospheric pressure of 1.5x10-2 torr. In each step, the
sample was heated for 120 sec and bulk mineralogy was
analyzed by X-ray diffraction with monochromatic X-
rays of 2.164 A wavelength at the beamline 3A.

Results

Before heating, the Orgueil sample consisted of
saponite, serpentine, magnetite, ferrihydrite, carbonate
(dolomite), Ca-sulfate, and minor amount of Fe-Sulfide.
By heating at 200 and 300°C, the bulk mineralogy did not
change. At 400°C, diffraction peaks of Ca-sulfate
disappeared and those of newly formed anhydrite
appeared. Relative intensity of diffraction peaks of
serpentine decreased at 500°C and disappeared at 600°C.
Intensities of diffraction peaks of saponite decreased and
the basal spacing (001) of saponite shrunk to ~12A at
600°C.  Diffraction peaks of saponite were hardly
identified at 700°C. TEM observation of another Orgueil
sample heated at this temperature revealed both of
saponite and serpentine have only remnant layer structure
and the majority of them are almost completely
decomposed into amorphous material. Dolomite and
ferrihydrite also decomposed at 700°C. At 800°C, newly
formed olivine and Fe-oxide (magnesiowiistite) appeared.
At 900 to 1000°C, the abundance and crystallinity of
olivine increased progressively.

Discussion
Phyllosilicate-bearing micrometeorites are thought to
be the least heated samples, because saponite and
serpentine are decomposed below ~700°C [3]. Most of

phyllosilicate-bearing micrometeorites can be classified
into three major mineralogical types based on the major
minerals in them; type A: mainly consist of saponite,
serpentine, and magnetite, type B: saponite and magnetite,
and type C: serpentine [4]. We also found
micrometeorites that consist of amorphous material and
magnetite (hereafter type D).

It is likely that type A and B micrometeorites
were formed by weak heating of CI chondrite-like
material, which is composed mainly of saponite,
serpentine, and magnetite. Because serpentine is
decomposed at lower temperature than saponite, it is
plausible that serpentine was preferentially decomposed
into amorphous material by weak atmospheric entry
heating. Therefore, there is a possibility that type B
micrometeorites were made from CI chondrite-like
material.

The heating experiments show that the mineralogy of
the Orgueil sample heated below 500°C matches well
with that of type A phyllosilicate-rich micrometeorites.
The Orgueil sample heated at 600°C, where serpentine
has decomposed while saponite and magnetite still
remains, show similar bulk mineralogy to type B
micrometeorites. However, there is a great difference in
mineralogy between the heated Orgueil sample and type
B micrometeorites. In the heated Orgueil sample, basal
spacing of saponite has shrunk down to ~12A by weak
heating, while that in the majority of the type B
micrometeorites show no shrinkage (13 ~ 14A),
suggesting that type B micrometeorites have not been
heated above 600°C and originally not contained
serpentine. Thus, precursor material of type B
micrometeorites may contain abundant saponite and
magnetite, such mineralogy can be found in ‘Carbonate-
poor lithology’ of Tagish Lake CI2 chondrite [5,6].
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Introduction
ETS-10 is one of crystalline microporous titanosilicates
with corner-sharing SiO, tetrahedra and TiOg4 octahedra
linked through bridging oxygen atoms [1], which leads us
to a great interest in the ion-exchange or adsorption
characteristics of the material. Here we studied on the
substitution of framework sites with Zr and the local

structure of Zr in ETS-10 structure.

Experimental
ETZrS-10 was hydrothermally synthesized from the gel

with a chemical composition of 5 SiO, - TiO, - 0.3 ZrO, -
3 NaOH - KF - 75 H,0 at 473 K for 45 h, using Ludox®
TM-40 colloidal silica and P25 titania powder as Si and
Ti source, respectively. XRD was performed to confirm
the crystallinity of the material. Zr K-edge spectra were
collected at BL-10B in a transmission mode and the data
were analyzed by REX 2000 (Rigaku).

Results and discussion
XRD patterns proved that the obtained products
contained mainly ETS-10 phase and only small amount of
anatase TiO, by-phase. Elemental analysis indicated that
Zr/Ti ratio in the product was 0.30, comparable to that in
the mother gel.

Fig.1 shows the Fourier transforms of the k’-weighed
EXAFS oscillation of ETZrS-10 material. The curve-
fitting results are summarized in Table 1. The obtained
coordination numbers of Zr-Ti and Zr-Si are consistent
with that one Zr atom links with two OTi and four OSi,
namely in a (4Si, 2Ti) coordination environment. We
examined whether other structural models, such as
Zr(0Si), (4Si) and Zr(OSi);(OTi), (3Si, 1Ti), substituting
tetrahedral Si, and Zr(OZr)e (bulk zirconia), would fit our
EXAFS results; however none of them led to good fitting
results. This strongly indicates that Zr atom substituted
framework octahedral Ti isomorphously, being isolated.
Interestingly, our findings are quite different from the
observations by Eldewik et al. on the substitution with
cobalt [2]. According to their results, Co substituted
tetrahedral Si at (3Si, 1Ti) site. This difference of the site
might be caused by the larger ionic radius of Zr** than
that of Co™.

Table 1 Results of curve fitting analysis

Scattering N R dE DW R
atom /A / eV /A 1%
(0] 4429 2092 -1.122 0.055 5.7
Ti 1.509 3.801 -12.322  0.068
Si 3458 3.481  9.345  0.060
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Fig.1 Fourier transform (a) and the fit to back Fourier
transforms (b) of ETZrS-10. Solid line: experimental
data, dashed line: simulated data.
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Introduction

Chalcedony and agate have been recognized as
aggregates of submicron-sized quartz crystals. However,
recent transmission electron microscopy (TEM)
observations[1] reveal that chalcedony commonly
includes new silica polymorph, “moganite”, which
structure is similar to that of modified quartz by Brazil
twinning[2-3]. The quartz crystal precipitated from low-
temperature solution is known to be characterized by
intergrowth with moganite and/or development of Brazil
twin lamellae.

In this study, XRD measurements on synthetic
submicron-sized quartz crystals and natural chalcedony
samples were carried out to clarify the growth process of
moganite and genesis of Brazil twin lamellae.

Experimental
Experimental samples are listed in Table 1. The

synthetic samples were obtained by re-crystallization
from silica gel (Wako Q-22) in 0.IN KOH solution at
175-225°C. Natural chalcedony (agate) samples were
collected from Brazil, and Hosaka, Fukushima Prefecture,
Japan. SR resonant powder diffraction data collections
were carried out with multiple-detector system (MDS)
installed at the BL-4B2 station. The step scan widths
were 0.004° or 0.005° in 26 and fixed counting times
were 1.5 or 2 sec. The wave length of the incident X-ray
was 1.2 A.

Table 1. List of measured samples

Sample Occurrences Growth temp. Mature times
No. (°C) (hours)

1 Natural chalcedony

(Hosaka, Fukushima)
5 Natural chalcedony

(Hosaka, Fukushima)
3 Natural agate (Brazil) - -
4 Synthetic 175 363
5 Synthetic 175 576
6 Synthetic 200 171
7 Synthetic 200 250
8 Synthetic 225 100

Results and Discussion
The results of cell parameter refinement of quartz
crystals in the samples are shown in Figure 1. The unit
cell dimensions show slightly different trends between the

synthetic and the natural samples. In the synthetic
samples, the unit cell dimensions are reduced with
increasing temperature and mature time of growth. Peak
fitting analyses also shows different crystallographic
directions of strain in the synthetic and natural crystals.

Our TEM observations show that the synthetic samples
are composed of quartz and moganite that includes
numerous planar defects. However, a characteristic
reflection of moganite could not be detected in the
synthetic samples by the XRD analyses using SR. This
result suggested that an amount of moganite crystal is too
little in the synthetic sample to be detected and/or that the
highly disordered structure with planar defects reduce
intensity of the reflection. Although moganite nucleates
only at the initial stage of the crystallization of quartz
crystals, moganite do not grow at the following growth
stage. A kinetic process causes the moganite crystal at
the nucleation stage of the silica precipitation.

The authors thank to Prof. H. Toraya (Nagoya Inst.
Tech.) for kindly help in data collection at PF.
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Figure 1. Variation of unit cell dimensions of measured
samples. The number in the figure corresponds to the sample
number in Table 1. No. 0: the bulk quartz crystal measured by
Will et al.[4]
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